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HAVERHILL FEVER 

REPORT or A CASE WITH REVIEW OF THE LITERATURE 

ELLISTON FARRELL, MD 
GEORGE H LORDI, MD 

AND 

JOSEPH VOGEL 

BROOKLYN 

Haverhill fever is characterized by "an abrupt onset a rubella- 
form to inoibilliform eruption chiefly on the extremities and an 
inflammation of the joints with marked pain and tenderness ” ^ The 
diagnosis is made by isolation, from blood or from joint fluid, of a highly 
pleomorphic filamentous or spindle-shaped aerobic or microaerophilic 
gram-negative organism, Haverhillia multiformis," which requires serum 
for growth m artificial mediums Recently, in the medical service of the 
Long Island College Hospital, a patient was observed who presented 
the clinical picture of Haverhill fever Haverhillia multiformis was 
isolated from the blood stream on seven occasions 

REPORT OF CASE 

A S , a 40 year old Italian woman, was admitted to the medical service 
of the Long Island College Hospital on Nov 19, 1937, complaining of pain and 
swelling of the joints of about five days’ duration 

She stated that three weeks before admission she had been bitten on the web 
between the fourth and the fifth finger of the left hand by a young rat encountered 
in the kitchen garbage receptacle The wound bled at the time The patient 
washea The hand and applied iodine to the bleeding area Complete healing 
followed, and the history of this trauma was not elicited until nearly a month 
after admission 

About one week before the patient’s entry a slight cough and a sore throat 
developed A sharp chill occurred, lasting about fifteen minutes That evening 
the patrent felt feverish and had pain in both knees and both ankles For the 

From the Department of Medicine and the Department of Bacteriology, the 
Long Island College of Medicine 

1 Place, E H , and Sutton, L E Erythema Arthnticum Epidemicum 
(Haverhill Fever), Arch Int Med 54 659 (Nov) 1934 

2 Parker, F , Jr , and Hudson, N P The Etiology of Haverhill Fever 
(Erythema Arthnticum Epidemicum), Am J Path 2 357, 1926 
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next four days she was confined to bed with headache, repeated vomiting and 
pain in the neck and back A rash appeared around the knees and ankles 

Two days before admission the woman’s condition improved sufficientU for 
her to get up, but a return of symptoms soon forced her again to bed There 
now developed pain and swelling in the right shoulder, elbow and wrist There 
w'as an increase in the pain and sw'elling of the knees and ankles 

Ten jears before admission the patient had had pains of the joints wuth slight 
fever but w'as not confined to bed Her general health otherwuse had been good 

On physical examination the temperature w'as 103 F , the pulse rate 128, the 
respiratory rate 28 and the blood pressure 110 systolic and 70 diastolic The woman 
seemed acutely ill The throat was injected The left lobe of the thyroid w'as 
slightly enlarged The heart showed no murmurs, but there was some roughening 
of the first sound at the apex, and the second pulmonarv sound was accentuated 
at the base The abdomen w'as moderately tender in the right upper quadrant 
The spleen was not felt The neck showed pain on flexion The right elbow' and 
w'rist were sw'ollen, tender and painful w'hen moved The left wrist was tender 
but not swollen Both knees were swollen and painful on movement, the right 
more than the left Fluid was present in the right knee The muscles of the back 
were tender A maculopapular eruption was present on the extensor aspects 
of the lower parts of the legs The diagnosis on admission was acute rheumatic 
lever 

The hemoglobin content of the blood was 70 per cent (Sahli) , red cells 
numbered 4,190,000 and white cells 11,450, with 87 per cent poljmorphonuclears 
The sedimentation time was thirtj -seven minutes (18 mm ) Tlie urine contained 
no albumin or casts The blood contained 130 mg of sugar and 8 mg of urea 
nitrogen per hundred cubic centimeters The Wassermann and Kahn reactions of 
the blood were negative 

A roentgenogram of the chest taken on November 22 showed no evidence 
of active tuberculosis, but there were increase in interstitial fibrosis and evidence of 
fibrous pleuritis on the right 

Com sc m the Hospital — As shown in the chart (fig 1), the patient’s tempera- 
ture during the first week in the hospital (second week of the disease) fluctuated 
between 99 4 and 104 6 F before assuming a continuous level of about 100 F 
Except for irregular elevation above that point during the third and fourth 
weeks in the hospital (fourth and fifth weeks of the disease), thcie w'as a gradual 
decline to a normal level ov'er a total febrile period of about eight weeks, 

The arthritis present on the patient’s admission slovvlj subsided until December 
22, when there was a return of pain in the right knee and left shoulder This 
exacerbation lasted about four weeks, efforts at relief of pain were largelj 
ineffectual, as in the first attack Pain on motion, tenderness and svv elling character- 
ized the arthritic manifestations Fluid was thought to be present only once 
in the right knee joint on the patient’s admission The fluid was not aspirated 
At various times roentgen study of the right elbow, both shoulders, the lumbar 
portion of the spine, the sacroiliac joints and the hip joints gave negative results 
The eruption seemed to be of embolic rather than allergic tjpe It was 
maculopapular and was confined to the extremities New lesions appeared from 
time to time during the illness, and some of these were frankly petechial, being 
red and tender at first, with a central pinpoint of hemorrhage Several such lesions 
appeared on the fingers The cutaneous lesions never suppuiated but subsided 
slowly, leaving pigmented areas which later underwent desquamation 

During this illness the patient’s general condition remained surprisingly 
good Apart from the pain and discomfort of the arthritis, she suffered little incon- 
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venience from the fever or other accompaniments of the infection It was found 
that with exercise the typical signs of mitral stenosis could be elicited It was 
felt that the woman had an old rheumatic lesion referable to her earlier attacks 
of arthritis 

Treatment included the administration of salicylates, which was largely ineffec- 
tive, and of codeine, which gave fairly good results During a period of six days, 
from December 11 through December 16, a total of 12 7 Gm of sulfanilamide 
was given without appaient influence on the course of the infection Because of its 
reported efficacy m actinomycosis,® administration of 1 Gm of thymol daily was 
started on Jan 17, 1938, and continued with brief intermissions for about three 
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Fig 1 — Chart of temperature (F ) in a case of Haverhill fever Only read- 
ings taken at 8 a m and 8pm are shown 


weeks After introduction of this drug the fever remained below 100 F , but 
the medication was begun late in the course of the disease, and the clinical 
impression was that it probably had no specific action 

CoMse After Leaving the Hospital — The patient was discharged from the 
hospital on February 13, having been completely afebrile for about two weeks 
There was still some disability in the left shoulder, but the other joints were 
apparently normal in appearance and in function After a period of relative free- 
dom from symptoms, pain recurred in the left shoulder and to a lesser extent in 

3 Myers, H B Thymol Therapy in Actinomycosis, JAMA 108 1875 
(May 29) 1937 
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the left elbow This was noted during May During the latter part of June 
diathermy was used with apparent success At the time of writing there has been 
no recurrence of the acute arthritic symptoms, other than that just noted, nor 
has there been a return of the cutaneous lesions which were present on the patient's 
admission to the hospital 

Bacteriology —H.^verhllha multiformis was recovered from the blood in pure 
culture on seven occasions while the patient was in the hospital on Nov 20, 
1937, 15 colonies per cubic centimeter, on December 7, 18 colonies, on December 
8, 19 colonies, on December 9, 22 colonies, on Jan 4, 1938, 19 colonies, on 
January 5, 23 colonies, and on January 7, 6 colonies Subsequent to the patient’s 
discharge cultures of blood taken on April 12 and June 14 were sterile 

The micro-organisms isolated corresponded in e\ery particular tested with 
the organism of Parker and Hudson ^ The marked pleomorphism was its most 
striking characteristic (fig 2) Coccobacilli, lods, filaments and threads W'ere 
all on occasions encountered in a single oil immersion field, and round or fusiform 
swellings situated in any portion of the rod were frequently seen Distinct branch- 
ing was noted The micro-organism varied in length from 2 to 15 microns and in 
width from 0 2 to 0 5 micron The diameter of the swellings ranged from 2 
to 6 microns In blood broth the rods and filaments were often seen m tangled 
masses 

Haverhilha multiformis is gram-negative, not acid-fast and not encapsulated 
No motility was observed in hanging drop or in dark field preparations 

On whole human blood agar, as well as in 0 1 per cent dextrose beef heart 
infusion broth {pB 7 8) to which human blood had been added, the organism grew 
extremely well The optimal temperature range for growth was 35 to 38 C Good 
growth w'as obtained aerobically Only fair proliferation was obtained on chocolate 
agar, and no growth occurred on plain agar or in 01 per cent dextrose beef 
infusion broth Blood, seium, ascitic fluid or egg yolk furnished the indispensable 
growth factors 

In serum or ascitic fluid broth the growth appeared at the bottom of the tube 
as a gray-white layer made up of small particles of aggregated organisms 
Colonies developing m the broth on the side of the tube appeared as soft white 
fluffy aggregates which w'ere not easily broken up The supernatant broth remained 
clear, and no pellicle was observed 

The surface colonies on semisohd mediums were round, regular, soft and moist, 
ranging from 1 to 2 mm in diameter Usually they were discrete, but on very 
moist mediums some confluence was observed 

Intrapentoneal inoculation of 2 white mice with 0 5 cc of a forty-eight hour 
blood broth culture resulted in the death of one mouse in tw'enty-four hours 
and of the other mouse in forty-eight hours After death Haverhilha multiformis 
was seen m direct smear and recovered in pure culture from the peritoneal 
fluid and from the heart’s blood 

The patient’s serum collected in the fifth week of disease agglutinated her 
own organism completely in dilutions ranging from 1 20 to 1 640 

References to other cultural characteristics are aA’^ailable in the ai tide 
of Parkei and Hudson - and the book of Topley and Wilson One 
interesting characteristic of the organism is its specific pathogenicity for 

4 Topley, W W C , and Wilson, G S The Principles of Bactenologv and 
Immunity, Baltimore, William Wood & Company, 1936, pp 274 and 997 
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Fig 2 — Haverhilha multiformis (Parker and Hudson 2) obtained by forty- 
eight hour culture in whole blood agar Magnification, X 2,700 Note strepto- 
bacillary and branching forms 





6 


ARCHIVES OF INTERNAL MEDICINE 


ituce, in which it causes an epizootic, with arthritis as a prominent mani- 
festation of the infection ® 

HISTORICAL REVIEW 

The condition we have just described was apparently first recognized 
hy SchottmuIIer “ in 1914 Since this time other cases have been 
reported which were not linked with his, and other names have been 
assigned both to the clinical syndrome and to the organism As a result, 
case reports are now hidden m the literature under a variety of headings 
It IS instructive to bring together these scattered case reports for com- 
parison with our own, as presented in the accompanying table In our 
series we include only those cases in which an organism closely 
resembling Haverhilha multiformis (Parker and Hudson, 1926 has 
been demonstrated on culture of blood or joint fluid 

In 1914 Schottmuller “ reported 2 cases of Btsskrankheit , but positive 
blood cultures were obtained only in the first of these cases , hence only 
the first case will be considered here In the patient, a laboratory Dienei, 
there developed, following rat bite, a local lymphadenitis and lymph- 
angitis with fever and considerable pain and tenderness in muscles of 
the left arm and leg Movement of the left shoulder caused exquisite 
pain It IS interesting that the bite occurred not on the left but on the 
right thumb A roseola-hke exantliem was observed on the arms, legs 
and abdomen seven days after the bite This eruption faded within 
sixteen days The patient’s temperature was 39 3 C ( 102 7 F ) on 
admission to the hospital, seven days after the bite It was remittent, 
tending to fall to a lower level each successive day until the sixteenth 
day after the bite, when a sharp rise occurred, accompanied by exacerba- 
tion of symptoms The temperature subsequently fell slowly to a noimal 
level, and the patient was eventually discharged well after a stay of 
nearly ten weeks in the hospital Eight blood cultures taken duimg this 
period were positive for an organism Schottmuller named Streptothrix 
muris ratti Growth occurred, apparently under aerobic conditions, on 
Loffler’s serum medium and on milk agar but not on other culture 
mediums The organism was described as gram-positive {well de-i 
Giamsclien Methode blau ttnffieif) 

5 (a) Levaditi, C , Selbie, R F, and Schoen, R Le rhumatisme mfectieux 

spontane de la souris provoque par le Streptobacillus moniliformis, Ann Inst Pas- 
teur 48 308, 1932 (b) Mackie, T J , van Rooyen, C E , and Gilroy, E An 

Epizootic Disease Occurring in a Breeding Stock of Mice Bacteriological and 
Experimental Observations, Bnt J Exper Path 14 132, 1933 (c) van Rooyen, 

C E The Biology, Pathogenesis and Classification of Streptobacillus Monili- 
formis, J Path & Bact 43 455, 1936 (d) Topley and Wilson ^ 

6 Schottmuller, H Zur Aetiologie und Klinik der Bisskrankheit, Dermat 
Wchnschr (supp ) 58 77, 1914 
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In 1916 Blake " reported a fatal infection with Streptothnx muns 
ratti following rat bite Autopsy disclosed acute ulcerative endocarditis 
of the mitral valve, with infarcts lodged in the spleen and kidney The 
organism was recovered from the blood of the patient during life and 
from heart’s blood post mortem In the same year Tileston ® reported 
2 cases of “rat-bite fever,” in each case basing his diagnosis on the 
history of rat bite and on the clinical course, which was characterized 
by periodic fevei In 1 case he observed rodhke forms m the peripheral 
blood during the febrile paroxysms, but failure to cultivate this possible 
“streptothnx” necessitates exclusion of the report from this series 

In 1917 Litterer reported 2 additional cases, in both of which the 
disease followed rat bite and in both of which he established the diagnosis 
by blood cultuie Minor diffeiences m the organisms recovered led 
him to assign different specific names to the two strains he isolated, but 
their essential similarity with Schottmuller’s organism is apparent from 
his descriptions 

In 1918 Dick and Tunnicliff and Tunmchff and Mayer repoited 
the fifth and sixth cases of apparent Haverhilha multiformis infection 
In 1 of their cases the disease followed weasel bite, in the othei, in 
which death ensued and autopsy was done, it occuried after rat bite 
From blood culture, in both instances a “streptothnx” was grown, 
variations in the cultural chaiactenstics of which again led to new 
terminology, which is listed in the table 

In 1925 Ebeit and Hesse leported isolation of an oiganism showing 
great similarity {giosse Ahnbchkeit) to the organisms of Schottmullei 
and of Blake in a case of a disease they described as japantsches Ratten- 
bissfiebei (sodoku) In the same year Thorp gave an extremely 
incomplete account of a case of fever following rat bite, with isolation of 
a “leptothrix” in material from swellings which developed on each wrist 
and near the sternoclavicular joints The case is not included in our 
series because theie is no lepoit of blood culture and the history is 
inadequate 


7 Blake, F G The Etiology of Rat-Bite Fever, J Exper Med 23 39, 1916 

8 Tileston, W The Etiology and Treatment of Rat-Bite Fever, JAMA 

66 995 (April 1) 1916 

9 Litterer, W A Study of the Streptothnx Isolated in Two Cases of Rat- 
Bite Fever, Tr Sect Path & Physiol, A M A, 1917, p 275 

10 Dick, G F, and Tunmchff, R A Streptothnx Isolated from the Blood 
of a Patient Bitten by a Weasel (Streptothnx Putoni), J Infect Dis 23 183 
1918 

11 Tunmchff, R , and Mayer, KM A Case of Rat-Bite Fever, J Infect 
Dis 23 555, 1918 

12 Ebert, B , and Hesse, E Zur Klinik und Bakteriologie des japanischen 
Rattenbissfiebers (Sodoku), Arch f klin Chir 136 69, 1925 

13 Thorp, E Rat-Bite Fever in an Infant, Bnt M J 2 255, 1925 



FARRELL ET AL— HAVERHILL FEVER 


9 


In 1925^^ (final report, 1926^®) Levaditi, Nicolau and Pomcloux 
described a case m which the clinical course was characterized by 
remittent fever with a four to six day cycle There was no history of 
rat bite Three febrile paroxysms were experienced, following each of 
which there appeared a maculopapular eruption, chiefly on the limbs 
Severe pam developed m the left ankle and m the right acromioclavicular 
joint Recovery was complete On two occasions there was isolated 
m blood culture an organism they named Streptobacillus moniliformis 
No reference was made to Schottmuller’s organism or to the series of 
cases which had been appearing as instances of rat bite fever Attention 
was focused on the dermatologic aspects of the infection, and the con- 
dition was described as acute erythema multiforme {eiytheme poly- 
moiphe aigii) 

These 8 case reports described sporadic instances of Haverhillia 
multiformis infection, but m 1926 Place, Sutton and Willner under 
the designation erythema arthriticum epidemicum (final report by Place 
and Sutton, 1934^) reported an epidemic of 86 cases of what seems to 
have been the same infection, and m 12 of these cases Parker and 
Hudson isolated from blood or from joint fluid the organism they 
named Haverhillia multiformis “slender, gram-negative and non aad 
resisting rods staining with some difficulty, often forming threads and 
showing tendency toward branching, marked irregularity of form with 
swellings and enlargements, fermentation of some carbohydrates, in 
general, requiring blood or ascitic fluid for growth ” ^ These epidemic 
cases were not associated with rat bite and were not at the time identified 
with the earlier isolated cases we have cited Dodd,^^ however, in the 
same year (1926), under the name erythema arthriticum epidemicum, 
reported a case of disease following rat bite which she had observed in 
Baltimore in 1923, making a retrospective diagnosis The organism was 
incompletely studied 

In 1929 Teissier, Rivalier, Reilly and Gamier reported a case of 
“infectious erythema” with isolation of Streptobacillus moniliformis on 
blood culture There was no history of rat bite 

14 Levaditi, C , Nicolau, S , and Pomcloux, P Sur le role etiologique de 
streptobacillus moniliformis (nov spec ) dans I’erytheme polymorphe aigu 
septicemique, Compt rend Acad d sc 180T188, 1925 

15 Levaditi, C , Nicolau, S , and Pomcloux, P Recherches sur I’etiologie 
de I’erytheme polymorphe aigu, son agent etiologique, Streptobacillus monili- 
formis, Presse med 34 340, 1926 

16 Place, E H , Sutton, L E, and Willner, O Erythema Arthriticum ^Epi- 
demicum Preliminary Report, Boston M & S J 194 285, 1926 

17 Dodd, K An Isolated Case of Erythema Arthriticum Epidemicum, 
Boston M & S J 194 633, 1926 

^ 18 Teissier, P , Rivalier, E , Reilhq J , and Gamier, G Sur un cas d’rey- 
theme infectieux du au “Streptobacillus moniliformis,” Congres de dermatologistes et 
syphihgraphes de langue frang , Pans, Masson & Cie, 1929, p 73 
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In 1932 Hazard and Goodkind gave the first complete report of a 
sporadic case of a disease identified at the time as Haverhill fever 
(erythema arthnticum epidemicum) with recovery of Haverhilha multi- 
formis on blood culture They obtained no histoiy of rat bite, but in 
1934 Scharles and Seastone described a case of rat bite infection in a 
medical student in which diagnosis had been made by cultivation of 
Haverhilha multiformis from joint fluid 

The most recent case report previous to our own came from France, 
that of Lemierre, Reilly, LaPorte and Morin,^^ who in 1937 described a 
case of fievte par moiswe de lat with recovery from the blood stream 
of Streptobacillus moniliformis Infection with Levaditi’s organism was 
thus finally allied with the Bissh ankheit of Schottmuller 

COMMENT 

Bactenology — Our first question is, are all these organisms the 
same^ Without type cultures for comparison oi cross immunity tests, 
no proof, of course, can be offered, nor will proof of this kind ever be 
available m all the cases of this series A number of authors have 
regarded Streptothrix muris ratti (Schottmuller, 1914), Streptobacillus 
moniliformis (Levaditi and others, 1926) and Haveihillia multiformis 
(Parker and Hudson, 1926) as closely related if not identical strains 
Others have identified Streptobacillus moniliformis ivith Haverhilha 
multiformis without reference to Schottmuller’s organism The fact 
that his organism was gram-positive and the other organisms in this 
series gram-negative seems sufficiently explained by Litterer,® who 
remarked that the variability m staining reaction seemed dependent on 
the age of the culture Slight morphologic distinctions or differences in 
sugar fermentation reactions seem unimportant when contrasted with 
the two major characteristics common to this group extreme pleo- 
morphism of an unusual type and special growth requirements All 
these organisms, except that of Dick and Tunmchff,’-® can fairly be 

19 Hazard, J B , and Goodkind, R Haverhill Fever (Erythema Arthnticum 
Epidemicum) A Case Report and Bactenologic Study, J A M A 99 534 
(Aug 13) 1932 

20 Scharles, F H, and Seastone, C V, Jr Haverhill Fever Following Rat- 
Bite, New England J Med 211 711, 1934 

21 Lemierre, A , Reilly, J , Laporte, A, and Morin, M Sur une nouvelle 
fievre par morsure de rat. Bull Acad de med. Pans 117 705, 1937 

22 (o) Dienes, L, and Edsall, G Observations on the L-Organism of 
Klieneberger, Proc Soc Exper Biol & Med 36 740, 1937 (b) Place and Sutton ^ 
(c) Topley and Wilson ^ 

23 Levaditi, C A propos de I’etiologie de I'erytheme polymorphe infectieux 
contagieux et epidemique, Presse med 36 65, 1928 van Rooyen Teissier and 
others Lemierre and others 21 
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described in the words of Parker and Hudson ” as “m general, requiring 
blood or ascitic fluid for growth ” 

Thiee conflicting views have been taken regarding classification of 
this unusual organism Schottmuller regarded it as an actmomyces, as 
did Paiker and Hudson, and Topley and Wilson unhesitatingly assigned 
it to this Older Levaditi placed it among the bacteria, while Kliene- 
berger,“^ in work recently supported by Dienes and Edsall,^^'^ maintained 
that the form previously regarded as single m truth consists of a sti epto- 
bacillus growing in symbiosis with a rounded, coccoid, “pleuro-pneu- 
monia-like organism” the “Lj organism of Klieneberger ” The 
latter symbiont forms the knobs and fusifoim swellings hitherto 
looked on simply as pleomorphic changes Van Rooyen,®*^ like Parker 
and Hudson,^ stressed the organism’s special growth requirements but 
failed to find true branching He stated that he looked on it as a single 
pleomorphic organism of the family Bacteriaceae, tube Haemophileae, 
genus Haverhillia, type species Haverhillia multiformis (Parker and 
Hudson) The literature as we interpret it gives piiority to Schott- 
muller’s name for this organism, but as his term, Streptothnx muris 
ratti, IS now unacceptable for taxonomic reasons, the term of Parker 
and Hudson seems more satisfactory until the difficult question of 
classification has been authoritatively decided 

Chmcal Syndiome — The reports summarized here have fallen into 
three clinical groups, and it seems convenient to discuss them under 
the designations originally applied 

Rat Bite Fever Of the cases reviewed, in 10 there was a history 
of rat bite and in 1 of weasel bite, of these cases, 7 were looked on as 
instances of rat bite fever, Schottmuller carefully naming the condition 
in his case simply “bite disease ” Continued use of the term “rat 
bite fever” to describe instances of Haverhillia multiformis infection is 
ill advised, for the term is also in use to describe Spirillum minus infec- 
tion,^® or sodoku The etiologic agents of these two diseases are dis- 
tinct the one, Haverhillia multiformis, being a nonmotile pleomorphic 
bacillus which grows on serum mediums, the other, a highly motile 
spirillum of uniform morphologic character which has never been 

24 Klieneberger, E (cr) The Natural Occurrence of Pleuro-Pneumonia- 
Like Organisms in Apparent Symbiosis with Streptobacillus Moniliformis and 
Other Bacteria, J Path & Bact 40 93, 1935, (b) Further Studies on Strepto- 
bacillus Moniliformis and Its Symbiont, ibid 42 587, 1936 

25 Robertson, A Spirillum Minus (Carter 1887), the Aetiological Agent of 
Rat-Bite Fever A Review, Ann Trop Med 24 367, 1930 McDermott, E M 
Rat-Bite Fever A Study of the Experimental Disease, with a Critical Review of 
the Literature, Quart J Med 21 433, 1928 

26 Bayne-Jones, S Rat-Bite Fever m the Umted States, Internat Chn 3 
235, 1931 
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successfully cultivated outside the animal body Either infection may 
follow rat bite, but while Haverhilba multiformis infection has 
occurred without a history of rat bite, no example of Spirillum minus 
infection has been found in which a history of antecedent rat bite or 
an account of close contact with rats or with associated animals was 
lacking Haverhill fever has caused at least one epidemic, sodoku has 
never occuired except in sporadic form Haverhill fever is accom- 
panied by painful arthritis and is resistant to treatment, sodoku is not 
characterized by articular involvement, and arsenical therapy has a 
specific cuiative effect Both infections have cutaneous manifesta- 
tions,^' but one is essentially embolic, the other primarily allergic 
Haverhill fever may be characterized by a continued remittent fever 
or by an intermittent fever with a four to six day periodicity The 
febrile reaction m sodoku is characteristically only of the latter type 
No one has explained why the tempeialure charts of these two infec- 
tions with entirely diffeient causal agents should at times exactly 
resemble each other, particularly when the fevei is of a distinctive, 
periodic type found rarely, if at all, in any other clinical condition 
The type of fever is so unusual that m the past numeious authors have 
considered a history of rat bite followed b)’^ an inteimittent fever with 
a four to six day periodicity sufficient grounds for a case report labeled 
“Rat Bite Fever” Coincident infection with tiaveihillia multiformis 
and Spirillum minus is theoretically possible,^- but it has never been 
proved Mackie and McDermott suggested the possibility in their 
case, but examination of their data shows that they were dealing with 
some organism other than Haverhilba multiformis m association with 
the spirillum of sodoku Elucidation of the exact bactenologic rela- 
tion between Haverhilba multiformis and Spirillum minus and of the 
clinical affinities of Haverhill fever and sodoku must await longer 
obsen^ation Sufficient knowledge is at hand, however, to diffeientiate 
the two bacteriologically, and it is unfortunate that three American 
medical textbooks published during 1937 and 1938 confuse the bac- 
teriologic entity of Spirillum minus infection with infection due to 
Haverhilba multiformis because of the common association with rat 
bite and certain clinical similarities 

Erythema (Polymorphous, Infectious, Arthritic) Levaditi and his 
co-workers were the first to consider Haverhilba multiformis infec- 
tion as one of the erythemas , but Place, Sutton and Willner mde- 
pendentl}'^ adopted the same point of view, and the cases of the 

27 O’Leary, P A The Dermatologic Aspects of Rat-Bite Fever, Arch 
Dermat & Sj'ph 9 293 (March) 1924 

28 Mackie, T J , and McDermott, E N Bacteriological and Experimental 
Observations on a Case of Rat-Bite Fever Spirillum Minus, J Path & Bact 29 
493, 1926 
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Haveihill epidemic weie oiiginally described by them as examples of 
erythema arthnticum epidemicum An important American textbook 
of medicine published m 1937 classifies Haverhilha multiformis infec- 
tion with the erythemas, listing it with types such as erythema nodosum 
and erythema mfectiosum This conception of the disease as a derma- 
tologic condition is inadequate, the cutaneous eruption is simply one 
manifestation of primary septicemia, and the disease is not just a local 
condition but a geneial systemic infection 

Haverhill Fever This term was m popular use to desciibe the 
cases of the Haverhill epidemic before the cause of the disease was 
known We have preferred it because it properly emphasizes the 
systemic natuie of the infection and because it is applicable in sporadic 
as well as epidemic cases 

Epidemiology — Theie are two known modes of infection with 
Haverhilha multifoimis rat bite® and ingestion of raw milk ^ which 
has been contaminated with the organism Rats are known to harbor 
the organism in the nasophaiynx as a benign inhabitant or in the 
lungs as an apparent pathogen associated with bronchopneumonia 
An obvious possibility m accounting for the Haverhill epidemic is that 
lats had access to the milk suppl}- 

Diffc) ential Diagnosis — The histoiy of rat bite oi the periodic fever 
may suggest sodoku, diagnosis of which requiies demonstration of 
Spirillum minus in the patient’s blood oi in the material aspirated from 
the local lesion at the site of the rat bite or from the regional lymph 
nodes Inoculation of 1 cc of whole blood intrapentoneally oi sub- 
cutaneousl}'- into white mice free from Spirillum minus infection will 
ordinarily, after an incubation period of ten days oi longer, result in a 
blood stieam infection that will continue for months, and diagnosis 
can readily be made by dark field examination In Haverhilha multi- 
formis infection the fever may be of the continued type and may 
resemble the fever of any infectious or septic condition The arthritis 
may suggest undulant fevei or rheumatic fever or may be regarded as 
infectious arthiitis of another type The eruption may be confused 
with one of the erythemas (infectious erythema or erythema multi- 

29 Strangeways, W I Rats as Carriers of Streptobacillus Moniliformis, J 
Path & Bact 37 45, 1933 Lemierre and others 

30 Tunni cliff, R Streptothnx in Bronchopneumonia of Rats Similar to That 
in Rat-Bite Fever, J Infect Dis 19 767, 1916 Klieneberger, E , and Steabben, 
D B On a Pleuropneumonia-Like Organism m Lung Lesions of Rats, J Hjg 
37 143, 1937 

31 Knowles, R , Das Gupta, B M, and Sen, S Natural Spirillum Minus 
Infection in White Mice, Indian M Gaz 71 210, 1936 Francis, E Rat-Bite 
Fever Spirochetes m Naturally Infected White Mice, Mus Musculus, Pub Health 
Rep 51 976, 1936 
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forme), or the entire picture may be attributed to one of the eruptive 
fevers The final diagnosis rests on culture of blood or of joint fluid 
Treatment — Neoarsphenamme has been used with apparent success 
m cases of Haverhilha multiformis infection with periodic fever In 
2 cases m which there was periodic fever the condition responded to 
autogenous vaccine, according to Litterer ® In cases m which there was 
continued fever, no therapy seems to have been effectual If, as some 
have maintained, the organism is one of the actinomyces, furthei trial 
of thymol in larger doses seems justifiable 

SUMMARY 

Clinical and bacteriologic findings in the fourteenth sporadic case 
of Haverhill fever to be reported are presented 
Previous case reports are reviewed 

The bacteriology, clinical syndrome, epidemiology, differential diag- 
nosis and treatment of this disease are discussed 

Dr M L Rakieten first suggested the identity of the organism isolated in the 
case we have reported 

The photograph is the work of Mr S Montes 

34 Prospect Park, West 

142 Joralemon Street 



A REVIEW OF MENINGITIS DUE TO MICROCOCCUS 

TETRAGENUS 

REPORT OF ONE CASE WITH BACTERIOLOGIC STUDY 

THORBURN S McGOWAN, MD 
Passed Assistant Surgeon, United Stales Public Health Service 

MANILA, PHILIPPINE ISLANDS 
AND 

PAUL KISNER, MD 

First Lieutenant, Medical Corps Reserve, United States Army 

FORT LEAVENWORTH, KAN 

Although Gaffke described Micrococcus tetragenus m phthisical 
sputum in 1881, the finding of this organism m the spinal fluid is still 
rare A search of all the indexed journals discloses only 7 prior cases m 
the accumulated world literature Probably the diagnosis of meningitis 
due to this organism is frequently missed m this country because the 
symptoms, physical and laboratory findings and clinical course aie similar 
to those of meningocQccic meningitis Reirnann ^ m 1934 stated that there 
were only 2 or 3 reports of any form of infection by M tetragenus in 
American literature, in contrast to 170 cases reported m European pub- 
lications In recording this case, the eighth, and analyzing the preceding 
cases, we hope to emphasize sufficiently the similarity to infection with 
meningococci or staphylococci and to point out the inherent characteristics 
peculiar to M tetragenus A realization of these facts should result in 
the recognition of the condition in an increasing number of cases m the 
future 


From the United States Penitentiary Hospital, through the courtesy of Dr 
O C Williams, United Slates Public Health Service, Medical Officer in Charge 
The bactenologic studies were carried out in the laboratory of the Station Hospital, 
Fort Leavenworth, Kan, Captain D C Kuhns, Medical Corps, United States 
Army, in charge 

1 Reimann, HA (o) Micrococcus Tetragenus Infection Review of Litera- 
ture and Report of a Case, J Clin Investigation 14 311 (May) 1935, (b) Bac- 
terial Type Dissociation of Micrococcus Tetragenus Infection 11 Description of 
Variant Forms, J Bact 31 385 (April) 1936, HI Immunologic Studies of 
Variant Forms, and Discussion, ibid 31 407 (April) 1936, Bacterial Type Trans- 
formation Micrococcus Tetragenus Infection, ibid 33 499 (May) 1937, Varia- 
tion of Micrococcus Tetragenus, Proc Soc Exper Biol & Med 34 344 (April) 
1936, Transformation of Bacterial Types, ibid 35 64 (Oct) 1936 


15 


16 


ARCHIVES OF INTERNAL MEDICINE 


It IS well known that M tetragenus is a common inhabitant of the 
nose, throat and sputum of patients with tuberculosis Although it is 
frequently seen in smears of material from the throat or of sputum, it 
has been regarded as a nonpathogenic organism , nevertheless, it becomes 
invasive when the general resistance is lowered In oui case meningitis 
IS thought to have followed invasion of the blood stream by the organism, 
despite a negative blood cultuie and the possibility of direct extension 
from the nasopharynx 

REPORT or CASE 

Cluneal Histoiy — On July 16, 1936, D H , an inmate of the United States 
Penitentiary, a white man aged 20, lapsed into unconsciousness suddenly while 
working in the “yard gang ” Since the weather had been extremely humid for a 
number of days, with dailj temperature peaks over 100 F , it was assumed on 
his admission to the prison hospital that he was suffering from heat exhaustion 
He soon revived on symptomatic treatment and stated that he had had pains in 
the neck and general malaise for ten days Aside from several minor injuries, the 
past history was irrelevant 

Physical Evamination — At the time of admission he appeared comatose and 
acutely ill Neurologic examination showed hyperactive cremasteric, abdominal 
and Brudzinski reflexes on the right side, contrasted with hypoactive reflexes on 
the left The muscles of the neck were rigid, and a definite Kernig sign was 
present The pupils were equal and regular and reacted to light All other physi- 
cal findings were normal The nasal and pharyngeal mucous membranes were not 
inflamed The clinical impression was heat exhaustion 

Couise of the Disease — On the morning following the admission stiffness of 
the neck, headache and abnormal reflexes had disappeared, the patient was con- 
scious and rational and, but for a slight elevation of temperature (38 C ) [100 4 F ], 
appeared to be recovering from his supposed attack of heat exhaustion 

In the afternoon of the second day in the hospital the picture changed The 
temperature rose to 38 7 C (1017 F ), and the patient began to complain of a 
bitempoial headache, with pains in the back of his neck A Kernig and a Brud- 
zmski sign reappeared at the same time The symptoms now were indicative of 
definite meningeal involvement, and since there had recently been a case of menm- 
gococcic meningitis in the hospital it was assumed that the meningococcus was 
again the causative organism 

Tieatment and Laboiatoiy Findings — A lumbar puncture was done, the spinal 
fluid was cloudy and under increased pressure (280 mm of water) This observa- 
tion enhanced the assumption that the condition was of meningococcic origin, 
accordingly, 30,000 units of antimeningococcus serum was given mtrathecally in 
divided doses, with 20 cc of antitoxin intramuscularly, during the next twelve 
hours For the next seven days 10,000 units of the antiserum and 10 cc of 
antitoxin were given daily Spinal fluid was drained eleven times thereafter at 
appropriate intervals for the relief of pressure symptoms 
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Examination of the original specimen of spinal fluid showed a cell count of 
5,300 per cubic millimeter, with a differential count of 94 per cent neutrophils 
and 6 per cent lymphocytes, the reaction for globulin to Tandy’s reagent was 4 
plus , quantitative determinations showed a decrease in sugar and the colloidal 
gold test resulted in a curve typical of purulent meningitis (0000244444) A direct 
smear with Gram stain revealed diplococci, some of which were gram-positive 
and resembled meningococci in structure but were not intracellular Cultures 
made on this and the following two days gave pure growths of gram-positive 
tetrads 

Semin Reaction — There is no specific antiserum for M tetragenus, since the 
organism was agglutinated with dilutions up to 1 180 by pol 3 walent antimenmgo- 
coccus serum, administration of antiserum was continued up to the ninth day. 
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Chart 1 — Pulse rate and temperature 


when suddenly difficulty in breathing and a rapid, thready pulse developed In 
the course of the day there appeared petechiae on the lower extremities, general 
adenitis, an urticarial rash over the entire body, functional heart murmur and 
cvanosis The patient became irrational and semicomatose These findings were 
interpreted as manifestations of serum sickness Although the prognosis appeared 
grave, he improved rapidly, his temperature receded to normal on the fifteenth 
day and remained within normal limits thereafter until the day of discharge, August 
28 Since then he has been normal in every way 

It will be noted m chart 1 that the temperature corresponded to that in cases 
of tj^pical menmgococcic meningitis It varied according to the degree of toxemia 
and reflected the general condition of the patient It reached a peak of 41 5 C 
(106 7 F) on the ninth day, gradually returned to normal on the fifteenth dav 
and remained within normal limits thereafter 
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The variation of the pulse coincided almost exactly with that of the temperature 
It IS worthy of note that the pulse was slow in relation to the degree of fever 
for the first seven days, during which time the patient exhibited other signs symp- 
tomatic of mtercerebral pressure, namely, headache, vomiting, mental confusion 
and stupor Reference to chart 2 shows that for the first seven days the pressure 
at the lumbar level, with the patient in the horizontal position, varied between 
350 and 280 mm of water, with the cell count elevated as high as 15,000 per 
cubic imllimeter Coincidently with a marked improvement in the general condi- 
tion and rapid fall toward normal for the spinal fluid pressure and cell count, 
the pulse rate became proportional, its curve crossed the temperature line, and 
It remained slightly faster during convalescence 
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Chart 2 — Data on spinal fluid 


Laboratory Observations — The urine was normal in all respects The erythro- 
cyte count and hemoglobin concentration were within the accepted limits The 
Wassermann and the Kahn test were negatne The leukocytes ranged between 
18,000 and 20,000 per cubic millimeter the first eight days, with a decided shift 
to the left in the Schilling index On the fifth day 81 of the 96 per cent granulo- 
cytes were nonfilamented forms or younger The granulocytes predominated 
throughout the disease The spinal fluid pressure and cell count fell toward nor- 
mal just as the Schilling index shifted back to the right, and the total leukocyte 
count dropped below 10,000 per cubic millimeter The reaction for globulin 
remained 4 plus to Pandy’s solution through the ninth day 
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Cutaneous Reactions — Early m the disease the patient was tested intradermally 
with soluble meningococcus toxin with the dilutions and on the dates outlined 
in table 1 The skin test dose was 0 05 cc intracutaneously ^ 

The patient was tested by means of intracutaneous wheals to determine his sensi- 
tivity to the meningococcus toxin It was found he reacted even with the dilution 
of 1 100,000 After the administration of the antimemngococcus serum throughout 


Table 1 — Intiadeimal Tests with Soluble Meningococcus Toxin 
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COMPARISON OF EIGHT CASES OF MENINGITIS DUE TO M TETRAGENUS 
The following cases of meningitis due to M tetragenous have been 
reported 

Case 

Number Source 


1 Benzancon and Lepage ® 

2 Grieve, Fackler and Mitchell ^ 

3 Pende ® 

4 Vincent ^ 

5 Leschke ^ 

6 Bonanno ® 

7 Reimann 


In compaimg the clinical features of this case with those of 7 leported 
cases (table 2), we see that in all the condition had a sudden onset and 
that the shortest duration was one week and the longest five wrecks 
Four of the patients made an uncomplicated neurologic recovei}-, wdiich 
IS in decided contrast to the lesiduum which memngococcic meningitis so 
often leaves 

A much larger series of cases will be necessaiy befoie statistical 
significance can be placed on the sex or age distribution In this small 
series the sex ratio show'^ed male predominance by 3 to 1 Strangely 
enough, all attacks were m the vnile adult decades, leaving untouched 
the debilitated aged and the immatuie For an organism looked on as 
nonpathogenic or feebly virulent at most, such an age incidence cannot 
be explained satisfactorily wnth the present small senes Pei haps the 
distribution depends solely on the piesence of a conditioning or piedis- 
posing factor which has made the subject unusually susceptible This 
factor has been reported in a majority of all the cases In the present 
case debilitating humid temperature continuing ovei a long peiiod so 
lowered the patient’s resistance that the oigamsm was able to invade 
the meninges 


3 Benzangon, F, and Lepage Meningitis Due to Micrococcus Tetrageniis, 
Semaine med 18 40, 1898 

4 Grieve, J W , Fackler, G A , and Mitchell, E W Case of Micrococcus 
Tetragenus Meningitis, Philadelphia J 1 S28, 1898 

5 Pende, N Meningitis of Micrococcus Tetragenus, Polichnico (sez prat ) 
14 26, 1907, abstracted, Centralbl f Bakt 41 294, 1908 

6 Vincent, M H Meningitis of Alicrococcus Tetragenus, Bull Soc med 
de Pans 3 26, 1908 

7 Leschke, E , in Kraus, F , and Brugsch, T Spezielle Pathologie und Ther- 
apie innerer Krankheiten, Berlin, Urban & Schwarzenberg, 1919, vol 2, p 1103, 
cited bj' Bonanno s and by Reimann i"* 

8 Bonanno, A AI Aleningitis Caused by Gaffkya Tardissima, abstracted, 
Riforma med 47 363 (March 9) 1931 
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With the foregoing statements in mind it will be instructive to 
examine m detail tables 3 and 4, which compare meningococcic menin- 
gitis with that due to M tetragenus and to note how few ai e the differ- 
ences in their clinical pictures 


Table 3 — Compaiison of Symptoms, Physical Findings and Complications of 
Meningitis Due to M Teti agenus and Meningococcic Meningitis 


Symptoms and Physical Findings 

Meningitis Due to 

M Tetragenus 

Meningococcic 

Meningitis 

Pharyngitis 

+ 

+ 

Tonsillitis 

4 . 

h 

Sinusitis 

+ 

+ 

Otitis media 

— + 

4“ 

Fever 

+ 

4* 

Rapid pulse 

+ 

+ 

Headache 

+ 

+ 

Chills 

+ 


Vomiting 

+ 

+ 

Diarrhea 

+ 

+ 

Constipation 

+ 

+ 

Pams in the neck 

+ 

4 - 

Backache 

+ 

4" 

General malaise 


4' 

Pains in the joints 

+ 

+ 

Hyperactive refie'^es 

4“ 

+ 

Kernig sign 

+ ~ 

+ 

Brudzmski sign 

+ — 

+ 

Hyperesthesia 


4* 

Pupillary inequality 

+ — 

+ 

Photophobia 

+ 

+ 

Insomnia 

+ 

+ 

Delinum 

+ 

+ 

Coma 

+ 

+ 

Petechiae 


+ 

Herpes 

— 

1 

Epididymitis 

— 

+ 

Peritonitis 

— 

+ 


Table 4 — Compaiison of Clinical Pathologic Chai actenstics of Meningitis Due 
to M Teti agenus and Meningococcic Meningitis 



Meningitis Due to 

M Tetragenus 

Meningococcic 

Meningitis 

Blood culture 

Positive— 28% 

Positive— 5 to 80% 

Pressure of spinal fluid 

Increased 

Not always increased 

Cell count of spinal fluid 

Increased— number 
up to 20,000 

Increased— number 
up to 90,000 

Globulin content of spinal fluid 

Increased — !-+++ 

Increased — i-++ + 

Sugar content of spinal fluid 

Decreased 

Decreased 

Reaction to colloidal gold test 

Tj^pical meningitic 
curve 

0000244444 

Differential count (Schilling) 

Poly nucleOEis— many 
young forms 

Polynucleosis— many 
young forms 

Direct smear 

Extracellular cocci, 
some gram positive and 
some gram negative 

Intracellular and 
extracellular gram 
negative diplococci 

Culture of spinal fluid 

Rapid growth on 
almost all mediums 

Slow growth on favor- 
able mediums 
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This comparison proves that the proper diagnosis depends almost 
entirely on the identification of an organism which on direct smeai may 
be atypical and easily confused with the meningococcus or the staphylo- 
coccus Accordingly, cultural studies to bring out the peculiarities of the 
organism are essential 

BACTERIOLOGY 

Dissociation of M Teti agenus Isolated m the Piesent Case — Rei- 
mann ^ pointed out m 1934 that the M tetragenus which he isolated in a 
case of meningitis had the tendency to dissociate into three types of 
colonies, namely, (a) yellow, (&) large and small white and (c) trans- 
lucent The yellow colonies produced a large tetiad, the white colonies 
small COCCI, single and in clusters, and the translucent colonies pleo- 
morphic metachromatic cocci The type found m the translucent colonies 
was similar to that observed in direct smears from Ining tissue 

On transfer of the original bioth culture to blood agar, the first 
growth, observed in eighteen hours, consisted of small translucent and 
white colonies At the end of fort 3 f-eight houis these colonies had 
differentiated themselves into four types described by Reimann 
(a) large yellow colonies with a zone of clear hemolysis, (b) large 
white colonies with a zone of green hemolysis, (c) small white colonies 
with a zone of green hemolysis and (d) translucent colonies, occasionally 
medium sized, with a zone of clear hemolysis 

It was noted that once the dissociation was made on artificial 
mediums, the chaiacteiistics of the colonies remained constant The 
yellow colony lemamed yellow, with the exception that minute white 
daughter colonies appeared at its margin , the white colony on transfer 
remained smooth, raised, glistening and white The small white colony, 
on tiansfer to plain agai, remained small for three or four days and then 
turned slightly cieam colored The translucent colony was noted on the 
original transfer, but we weie unable to recover it, although an occa- 
sional colony was noted among other types, which on transfer would 
not remain constant 

Moi phology — The structure of the bacteiia composing the diffeient 
types of colonies was in agreement with the observation made by 
Reimann The large yellow colonies were composed of large, deep- 
staining, giam-positive tetrads and showed the typical tetiad formation 
The large white colonies were composed of deep-staining, all gram- 
positive COCCI and diplococci, small and with no teti ad formation There 
was a suggestion of bipolar arrangement These colonies would have 
been difficult to distinguish from staph 3 dococci 

The small white colonies weie composed of gram-positive and gram- 
negative COCCI Their structure was as indefinite as then Gram stainine 

o 
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There were globular foims, diplococcic and coccic forms and meta- 
chromatic chained cocci 

The tiansluent colonies, m our short observation of this type of 
growth were made up of the same pleomorphic type of cocci 

CuUwal Climacfertshcs cm Bioth Medmms — The yellow colony 
retained its color in broth mediums The pellicle was yellow and more 
prolific than that formed by the other colonies In 500 cc of beef 

Table 5 — Cultmal Chat acteusUcs of M Tctiagcnus^ 


Type of 
Colony 
on Agar 
Plate 

Structure 

of 

Cocci 

Growth 

on 

Broth 

Growth 

on 

Gelatin 

Growth 

on 

Blood 

Plate 

Tellon 

colony, 

elevated, 

lobate 

edges 

Micrococci 

large, 

gram posi 

tive, 

dividing 

m tv 0 

planes 

Xellow 

pellicle 

dropping 

to form 

weedy 

sediment 

No hque 
faction 

Tellow 
colony 
with clear 
zone of 
hemolysis 

White 

colony, 

large, 

smooth 

elevated, 

dome 

shaped 

Cocci and 

diplococci, 

all gram 

positive, 

smaller, 

with no 

tetrads 

White pel- 
licle later 
forming 
weedy 
glutinous 
sediment 

Slow 
liquefac- 
tion of 
gelatin 

White col 
ony with 
green 
zone of 
hemolysis 

White 

colony, 

small, 

convex 

Gram pos 
itive and 
gram-nega- 
tive cocci 
and diplo 
cocci with 
globular 
forms 

White 

pellicle 

with 

granular 

sediment 

Slow 
liquofac 
tion of 
surface 

Early 

clear 

hemolysis, 

later 

green 

Trans 
lucent 
colony, 
flat, clear, 
large and 
small 

Same as 
small 
white 
colony 

Fragile 
pellicle with 
clear under 
lying liquid, 
later 
drops 


Clear 
zone of 
hemolysis 

Whitish 

colony, 

glutinous, 

diflicult 

to emul 

sify 

Gram pos 

itive, 

spherical 

dividing in 

two planes, 

with 

tetrads 

Super 

natant 

liquid, 

clear 

weedy 

spiraling 

deposits 




X>ex Lac Man Mai Su Dnl- 

trose tose nite Xylose tose crose citol 

S& M 

day day 


+ 

lEt 

day 


+ + — 
1st 2d 
day day 


+ 

1st 

day 


+ 

1st 

day 


•Not donn 


j. 4- — — + ^ — 

High pathogenicity for mouse 


* Acetic acid odor for yellow and white colonies 


infusion broth this pellicle would form completely in three days and 
disintegrate on the fourth day In addition to the yellow color, there 
was a greenish discoloration, which is chaiacteristic of the proteose 
peptone mediums 

Cultures of the large and of the small white colonies were similar 
on broth mediums, in that they maintained their white color in broth, 
formed a pellicle and on its disintegration formed the same glutinous 
thready sediment 

The yellow colonies did not liquefy gelatin, but the large and small 
white colonies did This was one of the few means of differentiating the 
organism from the staphylococcus 
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Sugaj Reactions — The yellow colonies did not form acid on dextiose 
and maltose until the third day, while the large and small white colonies 
formed acid within twenty-foui hours The laige white colonies did 
not ferment sucrose until the second day or lactose until the third 
For all cultures a distinct odor was noted, not unlike that of vinegai 
or acetic acid 

Pathogenicity foi Animals — ^An agar slant culture of each of the 
three types of colony, suspended in saline solution, was inoculated 
intravenously into a labbit and a guinea pig This was done to 
determine if one type of colony was more virulent or produced more 
toxin than the other There was no pathogenic effect whatsoever from 
these inoculations None of these types killed mice 

Immunity — The patient was given polyvalent antimeningococcus 
serum throughout the course of the disease and recovered 


Table 6 — Aggluhnation Tests of Three of M Tctiagenns Types of Colony 
Against Gordon’s Four Types of Antimeningococcus Serum 



Gordon’s Tour Types of Antimeningococcus Serum 

Type of Colony 

Typo 1 

Type 2 

Type 3 

Type 4 

Yellow colony 

Large white colony 

Small white colony 

1 10 

Negative 

Negative 

1 SO 

Negative 

Negative 

1 20 

Legative 

Negative 

1 20 

Negative 

Negative 


Early in the disease it was found that M tetragenus was agglutinated 
by polyvalent antimeningococcus serum with dilutions as high as 1 160 
Therefore, further agglutination tests were carried out against the four 
types of meningococcus to determine if this organism held any relation 
to Gordon’s four types 

From the results of the agglutination tests as seen in table 6, it 
would appear that, serologically, the yellow colony was most nearly 
related to the meningococcus Theiefore, if the production of an 
antiserum for this infection is to be considered, the yellow colony would 
probably be of the greatest value as an antigen The seium of the 
patient during the disease and after recovery did not agglutinate the 
meningococcus or any of the three types of colony of M tetragenus 

SUMMARY 

A case of meningitis due to M tetiagenus has been repo’-ted 

The clinical featuies, symptoms and laboratory findings were similai 
to those of menmgococcic meningitis The only differential point was 
the identification of an oiganism, atypical in the original smears, but 
becoming typical of M tetragenus tetrads in broth cultures 
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Miciobic dissociation was found The yellow colony was the 
undissociated type It formed daughter white colonies which differen- 
tiated into large and small white colonies The typical stiucture of the 
organism was found in the large yellow colonies in the form of tetrads 
The large white colonies furnished only cocci and diplococci, which 
were difficult to distinguish from staphylococci The small white 
colony was still further dissociated, m that no tetrads were seen, and 
the form of the cocci was indeterminate 

A table presenting the cultural characteristics of the three types of 
colony has been presented It was found that, once dissociated, each 
type of colony on transfer to various types of medium maintained its 
characteristics 

Agglutination tests — ^the three types of colony against the patient’s 
own serum and Gordon’s four types of antimenmgococcus serum — 
were carried out The yellow colony was not agglutinated by the 
patient’s own serum but was agglutinated by antimenmgococcus serum, 
type 2, with a dilution of 1 80 

The three types of colony were cultured individually in 500 cc of 
proteose hormone broth and within four days filtered through a 
Pasteur-Chamberland filter The filtrates were tested on three types 
of animal, rabbit, guinea pig and mouse Cutaneous tests were made 
with the filtrates in strength varying from 1 100,000 dilution to full 
strength on 10 persons 

CONCLUSIONS 

1 It has been observed that M tetragenus is not the harmless 
organism commonly supposed but under certain circumstances is 
pathogenic 

2 It occurs as an etiologic agent much more frequently than is 
recognized, usually being mistaken for a meningococcus or a staphylo- 
coccus 

3 Its characteristics of dissociation should be recognized in order 
to establish its identity 

4 It elaborates a soluble toxin which produces a reaction m the 
skin of human beings but is not demonstrably toxic for animals 



EXPERIMENTAL PRODUCTION OF NEUTROPENIA 
WITH AMINOPYRINE 


E M BUTT, MD 
A M HOFFMAN, MD 

AND 

S N SOLE, MD 

LOS ANGELES 

The reproduction of the classic clinical picture of malignant neutro- 
penia, or agranulocytic angina, in experimental animals has never been 
accomplished successfully The situation in regard to aminopyrine as 
the most common etiologic agent in agranulocytic angina in man is much 
the same today as that m regard to cinchophen as the cause of acute 
necrosis of the liver Cinchophen is generally accepted as the toxic agent 
in production of acute yellow atrophy m certain susceptible persons In 
the experimental animal, however, cinchophen has never produced 
necrosis of the liver in any degree sufficient to simulate the condition 
in man Aminopyrine today is accepted by many as the responsible 
agent in agranulocytic angina True, it is apparently harmless to the 
vast majority of patients Rawls ^ estimated on clinical grounds that 
only 1 to 2 per cent of patients aie susceptible to demonstrable changes 
in the peripheral blood, this view is based on an “individual suscepti- 
bility ” If the same numerical proportion exists in animals, it is under- 
standable that the experimental reproduction of the disease would be 
difficult, if only because of the large number of animals required It 
IS our belief on the basis of our efforts during the past three years to 
reproduce the disease with aminopyrine in animals that the toxic action 
of the drug is far more frequent than Rawls’ figures would indicate We 
believe that changes in the bone marrow occur in the majority of animals 
but that changes m the peripheral blood are seen in only a small 
proportion 

Attempts at experimental reproduction of neutropenia have been 
numerous In 1932, before the attention of workers was focused on 

From the Departments of Pathology and Medicine, University of Southern 
California School of Medicine, and the Santa Fe Coast Lines Hospital 

1 Rawls, W B Effect of Amidopyrin on Red, White, and Polymorpho- 
nuclear Blood Cells of a Senes of One Hundred Patients, Am J M Sc 192 175 
(Aug) 1936 
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arainopynne, Kracke " reported successful reproduction of agranulocy- 
tosis in rabbits with small subcutaneous or intrapentoneal doses of 
benzene Large doses administered by the same technic affected the 
erythroblastic elements as well Intravenous injection of benzene killed 
the rabbits immediately Marked leukopenia was produced by the sub- 
cutaneous injection of salicylic acid and by intravenous administration 
of hydroquinone Oral, subcutaneous or intravenous use of ammo- 
pyrine, acetophenetidin, aminopynne diethylbaibiturate, dial, resorcinol, 
pyrocatechm, orthocresol, metacresol, paracresol, phenol, paraoxybenzoic 
acid, metaoxybenzoic acid and 50 per cent alcohol failed to affect the 
leukocyte count 

Fried and Dameshek,^ m 1932, infected rabbits intravenously with 
Salmonella suipestifei and caused temporary neutropenia Kracke ^ 
justly pointed out that such temporary neutiopenia can be produced 
“by a wide variety of substances, including milk, nonspecific proteins, 
dead and living bacteria and various types of inert, finely divided 
mateiial” and that such temporary neutropenia in no way simulates true 
agranulocytosis 

Dennis ® placed cultures of Staphylococcus aureus. Streptococcus 
haemolyticus. Streptococcus viridans and Proteus septicus m parchment 
capsules, inserted the capsules into the abdominal cavities of rabbits and 
observed what he interpreted as granulopenia Most of the rabbits 
showed no drop, but rather a rise, in the total leukocyte count, while 
some showed a moderate to marked decrease m the polymorphonuclear 
count 

Meyer and Thewhs ® were unable to obtain results similar to those of 
Dennis With Bacillus pyocyaneus, however, they produced leukopenia 
in rabbits, with death m forty hours but with no decrease in the number 
of polymorphonuclear cells Ricci ^ inoculated rats with living cultures 
of S suipestifer and B pyocyaneus and produced varying degrees of 

2 Kracke, R R The Experimental Production of Agranulocytosis, Am J 
Clin Path 2'11 (Jan) 1932 

3 Fried, B M , and Dameshek, W Experimental Agranulocytosis Infec- 
tions of Rabbits with Salmonella Suipestifer by Way of the Blood Stream, Arch 
Int Med 49-94 (Jan) 1932 

4 Kracke, R R “Experimental Agranulocytosis,” Arch Int Med 49 709 
(April) 1932 

5 Dennis, E W Experimental Granulopenia Due to Bacterial Toxins 
Elaborated m Vivo, J Exper Med 57-993 (June) 1933 

6 Meyer, O O, and Thewhs, E W A Report of Failure to Produce 
Granulocytopenia with Bacterial Toxins, J 'Chn Investigation 13-437 (May) 1934 

7 Ricci, F C Sulla agranulocitosi spenmentale, Arch ital di otol 46.401 
(June) 1934 
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leukopenia and agranulocytosis In his animals, howevei, abscesses in 
the liver developed Harris and Schattenberg ® claimed that by injecting 
prepared toxins of Bacillus enteiitidis and Str haemolyticus into guinea 
pigs they had reproduced the blood picture found in human beings 
Staph aureus from a patient who had died of the disease brought about 
depression of the total leukocyte count and neutropenia in guinea pigs 
but not in rabbits 

De Vries’ ® first indication, in September 1933, of the possible rela- 
tion of aminopyrine to granulopenia in human beings, followed by the 
reports of Madison and Squier,^® Watkins,’^’- Hoffman, Butt and 
Hickey,^^ Randall and many others, gave a great impetus to the 
experimental study of the disease, which was now centered about 
aminopyrine as the etiologic agent The majority of the authors reported 
satisfactory results Strangely enough, the earliest of their observations 
may be one of the most significant In a short note, Miller reported 
results of oral administration of 0 3 Gm of a 5 per cent solution of 
aminopyrine per kilogram of body weight to 16 dogs It was given for 
four weeks, and no instance of depression of the total number of 
circulating leukocytes was encountered 

A 

Histological study of the femoral bone marrows of the treated animals, however, 
revealed striking changes, which gave evidence that the drug does affect the 
formation of granulocytes, even though not to a degree w'hich is reflected in a 
materially decreased number of granular leukocytes m the circulating blood A 
well-defined suppression of maturation of the hematopoietic elements occurs 

8 Harris, W H , and Schattenberg, H J Experimental Studies in So-Called 
Agranulocytic Angina I Effects upon Leucocytes b> Toxic Products of Bacteria 
from Stool of Human Case, Proc Soc Exper Biol & Med 31 843 (April) 1934 
Schattenberg, H J , and Harris, W H II Effects upon Leucocytes by Toxic 
Products of Staphylococcus Aureus from Blood of Human Case, ibid 31 847 
(April) 1934 

9 de Vries, S I, Jr Recurrent Agranulocytic Syndrome, Nederl tijdschr 
V geneesk 77 4443 (Sept 30) 1933 

10 Madison, F W , and Squier, T L (a) Primary Granulocytopenia After 
Administration of Benzene Cham Derivatives, JAMA 101 2076 (Dec 23) 
1933, (6) The Etiology of Primary Granulocytopenia, ibid 102 755 (March 10) 
1934 

11 Watkins, C H The Possible Role of Barbiturates and Amidopyrine in 
the Causation of Leucopenic States, Proc Staff Meet, Mayo Clin 8 713 (Nov 22) 
1933 

12 Hoffman, A M , Butt, E M , and Hickey, N G Neutropenia Following 
Amidopyrine, J A M A 102 1213 (April 14) 1934 

13 Randall, C L Severe Granulopenia Following the Use of Barbiturates 
and Amidopyrine Report of a Case, JAMA 102 1137 (April 7) 1934 

14 Miller, D K Histological Changes m the Bone Marrow of the Dog 
Following Amidopyrine Administration, Science 80 320 (Oct 5 ) 1934 
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Granulocytes are decreased in numbers or almost completely absent The number 
of young, relatively undifferentiated cells is increased Many erythroblasts and 
myeloblasts are present, as are cells of an even more primitive type, more adult 
forms are rare In certain more advanced cases the orderly arrangement of the 
bone marrow structure into hematopoietic islands has been disturbed 

From the observations reported it appears that amidopyrine oially adminis- 
tered may exert a toxic effect upon the bone marrow, with little or no evidence of 
the fact in the circulating granular elements of the blood 

These observations are consistent with those on human bone mai i ow 
in fatal cases reported by Fitz-Hugh and Krumbhaai in a paper in 
which they proposed the hypothesis of “maturation arrest ” Custer 
leported observations which he made on human bone marrow mil cases, 
using marrow from the tibial and femoral shafts as an example of that 
from the long bones and marrow from the vertebrae, sternum or ribs as 
an example of that from cancellous bone He pointed out that an 
examination based on marrow removed from but one locus is “woefully 
inadequate” In 9 of the 11 cases of proved idiopathic agranulocytosis 
he observed 

(a) Marked prohferation of myeloblasts 

(b) Failure of these cells to mature, resulting in paucity of myelocytes and 
practically complete absence of segmented forms 

(c) Normal or slightly increased formation of red blood cells 

(d) Slight hyperplasia of otherwise normal megakaryocytes 

(e) Infiltration of lymphocytes and plasmocytes 

The careful observations both of Fitz-Hugh and Krumbhaar and of 
Custer were amply confirmed by Darling, Parker and Jackson m a 
study of the bone marrow of 24 persons who died and of the sternal bone 
marrow of 1 patient who recovered They suggested the term “granulo- 
cytic anakmesis” for the type of arrest of maturation observed in the 
bone marrow m agranulocytic angina 

Madison and Squier,^®^ m their clinical report, desciibed their 
attempts to produce agranulocytosis in rabbits Eleven rabbits received 
allonal (allylisopropylbarbituric acid with aminopynne) by mouth in 
doses of to 24 grams (017 to 1 55 Gm ) daily One rabbit which 
had received an average of 20 grams ( 1 29 Gm ) daily 

showed a rather abrupt drop m both the total and the granulocyte count on the 
twenty-fifth day, following which there was a progressive fall until death on 

15 Fitz-Hugh, T , Jr , and Krumbhaar, E B Myeloid Cell Hyperplasia of 
the Bone Marrow in Agranulocytic Angina, Am J M Sc 183 104 (Jan ) 1932 

16 Custer, R P Studies on the Structure and Function of the Bone Marrow 
IV Bone Marrow in Agranulocytosis, Am J M Sc 189 507 (April) 1935 

17 Darling, R C , Parker, F, and Jackson, H The Pathological Changes 
in the Bone Marrow in Agranulocytosis, Am J Path 12 1 (Jan ) 1936 
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the thirtieth daj Preceding death there was complete absence of granulo- 

C 3 tes in the peripheral blood and the blood picture was characteristic of primary 
granulocytopenia except for a moderate anemia At necropsy there were no 
grossly abnormal conditions found save that the bone marrow was absolutely lack- 
ing in cells of the granular series None of the other rabbits showed the blood 
picture of granuIoc 3 'topenia 

No menaon v\as made, however, of obsenations on the bone marrow 
of these rabbits 

In our earh leport^- we described our results with oral admmistia- 
tion of aminopyrme to rabbits in doses of 0 2 to 0 9 Gm per kilogiam 
Definite leukoc 3 tosis w'^as produced m all the animals, followed m a few 
weeks b} a depiession of the total wdiite cell count In all the rabbits 
the polymorphonucleai leukoc 3 de count w as reduced to 20 per cent, w hile 
a few animals show'ed depression to as low as 8 per cent However, 
because of the knowm wnde normal vaiiation of the leukocyte counts of 
rabbits, we felt that these results w'ere not conclusive and therefore 
limited fuither experimental stud 3 f to dogs 

Stenn reported observations on the effect of ammop 3 Tine on 120 
animals, including the guinea pig, rabbit and monkey, over a period of 
eight months and concluded “Administration of amidopyrine both 
with and without preliminar 3 '’ anemia or bone marrow injury, failed to 
produce any appreciable granulocytopenia” No observations on the 
bone marrow were recorded 

Climenko observed that after oral administration of aminop 3 rine 
to rabbits — without depression of granulocytes in the circulating blood — 
the leukoc 3 dosis which usually follows injection of nucleic acid intra- 
muscularly failed to occur The bone mairovv of the experimental 
animals showed maiked hj'peiplasia, with an increase in the number 
of primitiv'^e hemocytoblasts EssentialH the same tj^pe of inhibition of 
the bone marrow preceded by an increase in the percentage of juvenile 
forms without concomitant leukoc 3 d;osis was produced after administra- 
tion of a-dinitrophenol The first case of agranulocytic angina due to 
a-dinitrophenol in man was reported in our original papei 

Kunde, Herwick, Learner and Sternback administered a pi epara- 
tion of aminopyrme and dial (cibalgin) to 35 rabbits with endemic 

18 Stenn, F Etiologic Relationship of Amidopyrine to Agranulocv tosis, J 
Lab & Clin kled 20 1150 (Aug ) 1935 

19 Climenko, D R Inhibition of Leucogenic Activity in the Rabbit by 
Certain Cvclic Compounds, Proc Soc Exper Biol & Med 32 823 (March) 1935 

20 Kunde, M M , Herwick, R P , Learner, A , and Sternback, M Non- 
Production of Granulocytopenia with an Amidop 3 'rine Compound in Some Acute 
Infections, Proc Soc Exper Biol & Med 32 1121 (April) 1935 
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laboratory infections, such as sniffles and acute gastrointestinal disordeis 
They concluded that the drug did not diminish the number of leukocytes 
in normal labbits when given for seventeen days and observed no 
depression of the leukocytosis piesent in the infected animals Thyroid- 
ectomized animals showed the same lesults as the others No observa- 
tions on the bone mairow are recoided 

Bolton”^ administered 0 3 Gm of aminopyiine m water by stomach 
tube to a dog over a period of twenty-three da\ s The leukocyte count 
lemained elevated from 18,000 to 20,000, wnth no significant change in 
the differential count Sections from the femui, humeius and ribs 
showed “hypeiplasia of the bone maiiow% wuth no decrease m the 
myeloid elements” In another dog (expeiiment 11) laiger doses of 
aminopyrine weie followed by depression of the oiigmal leukocyte count 
of 12,200 to 6,500 There was a subsequent rise to the oiiginal level, 
wuth no change m the percentage of granulocytes Additional doses 
were given inti avenously — altogethei, 4 5 Gm of the diug for each 
kilogram of body weight over a period of thnty-thiee days No necropsy 
was reported 

Smith and Mack -- studied the effect of amytal and aminopyrine 
given orally to albino rats fed a deficient diet They concluded that the 
total white cell count could be reduced approximately 50 per cent m 
the animals weakened by the deficient diet, but they did not note any 
change in granulocytes or any abnormality in the bone marrow^ 

Wilson administered phenobarbital and aminopyrine subcutane- 
ously, both in combination and separately, to white rats for twenty-eight 
days and noted only leukocytosis A few normoblasts were found ini 
the aminopyrine series, and he concluded that the bone marrow was 
affected in some manner The bone marrow was not studied 

Miller and Rhoades reported further work on the effect of a 
deficient diet combined with aminopyrine on dogs Dogs fed 0 5 Gm 

21 Bolton, V L Laboratory Study of Amidopyrine, Barbital, Phenyl 
Hydrazine, and Benzene in Relation to Agranulocytic Angina, J Lab & Qin Med 
20 1199 (Aug) 1935 

22 Smith, E , and Mack, L Effect of a Deficient Diet, Amytal and Amido- 
pyrine on the Blood Picture of the Albino Rat, Proc Soc Expei Biol & Med 
32 1623 (June) 1935 

23 Wilson, S J Effects of Amidopyrine and Phenobarbital on the Blood 
Cell Count of White Rats, J Kansas M Soc 36 500 (Dec ) 1935 

24 Rhoades, C P , and Miller, D K Effect of Diet on the Susceptibility of 
the Canine Hematopoietic System to Damage by Amidopyrine, Proc Soc Exper. 
Biol & Med 36 654 (June) 1937 Miller, D K , and Rhoades, C P Effect 
of Diet on the Susceptibility of the Canine Hematopoietic Function to Damage by 
Amidopyrine, J Exper Med 66 367 (Sept ) 1937 
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of aminopyrine daily failed to demonstrate a change in the blood pictme 
They further found that in dogs receiving the Goldbergei pellagra- 
producing (blacktongue) diet appreciable anemia usually failed to 
develop The combination of the drug and the diet, however, produced 
pronounced and often fatal anemia in from eight to thirty-five days 
There was remarkable absence of leukopenia The bone mai row histo- 
logically resembled that described in cases of benzene poisoning 

Numerous experimental observations on man have been recorded 
Benjamin and Biederman,^® Kloster,-® Hansen and Holten,"' Plum 
and Dameshek and Colmes have each reported on from 1 to several 
patients with known susceptibility to aminopyrine who had granulopenia 
again when aminopyrine was administered after recovery from the 
original attack Hourly counts were frequently significantly altered 
immediately after ingestion of the drug Most of the patients so tested 
gave negative responses to aminopyrine in intradermal scratch, passive 
transfer and patch tests Dameshek and Colmes, however, attempted 
intradermal tests with blood seium previously “sensitized” by amino- 
pynne These gave positive results in the 3 cases m which they 
were tried 

EXPERIMENTS 

Aminopyrine (dimethylaminoantipynne) was fed to a group of 7 dogs An 
eighth, dog 5 in the senes, was kept as a control The drug was administered to 
dogs 1, 2 and 3 through a stomach tube Dogs 4, 6, 7 and 8 in a second senes of 
experiments were fed gelatin capsules containing the powdered drug 

The initial dose of aminopyrine fed to dogs 1, 2 and 3 was approximately 0 5 Gm 
per kilogram Ten minutes after the administration dog 2 died m con\ulsions 
Dogs 1 and 3 \omited a portion of the drug and several days later had completely 
recovered from the toxic effects of the initial dose The dose of aminopyrine 

25 Benjamin, J E , and Biederman, J B Agranulocytic Leukopenia Report 
of a Case Successfully Treated with X-Rays and Some Observations on the Effect 
of Amidopyrine, JAMA 103 161 (July 21) 1934 

26 Kloster, J A Case of Granulocj topenia Produced Experimentallj bv 
Pyramidon “Bayer,” Acta med Scandinav , 1936, supp 78, p 595 

27 Hansen, A B , and Holten, C Hypersensitiveness to Amidopyrm with 
Resulting Granulopenic Reaction, Acta med Scandinav , 1936, supp 78, p 599 

28 Plum, P Studies on the Etiological Significance of Amidopyrm (Pyrami- 
don) in Agranulocytosis, Acta med Scandinav , 1936, supp 78, p 605 , Effect of 
Amidopyrine on Granulocytopoiesis of Bone Marrow Continued Investigations 
on the Etiology of Agranulocytosis , Preliminary Report, Ugesk f Iseger 98 91 
(Jan 30) 1936 

29 Dameshek, W, and Colmes, A Effect of Drugs in the Production of 
Agranulocytosis with Particular Reference to Amidopyrine Hypersensitivitj’-, J 
Clin Investigation 15 85 (Jan ) 1936 
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was then reduced to 0 05 Gm per kilogram and was gradually increased to 
approximately 0 35 Gm per kilogram Dog 3 lived for seven months, receiving 
a total of 1364 Gm of the drug, administered in sixty-four doses On two 
occasions convulsions developed in this animal and were successfully treated with 
barbital and caffeine with sodium benzoate Dog 1 survived for ten months, 
receiving a total of 250 9 Gm of ammopynne, in one hundred and twenty-three 
doses 

The leukocyte count for dog 3 varied from 8,500 to 12,000 On two occasions 
leukocytosis (14,500 and 15,500 cells) was noted The white cell count did not 

Table 1 — Details of Expei imenfs on S Dogs 


Dose of Total Admmis- Variation in 

Ammopyrrae, Gm /Kg tration Blood Count 

JL A , — J L 

/■ \r -1 f .. 

Dog Low High- No of LeuLo Erythro 

No Initial est est Gm Doses cytes cytes 


Dura 

Changes tion of 
in the Evpen 
Bone ment. 
Marrow Mo 


Comment 


1 0 52 0 055 0 28 

(Very 

111 ) 

2 054 


3 0 53 0 OoS 0 35 

(Vomited 

some of drug) 

4 0 12 0 12 


5 Control 



dog 



6 

006 

0 06 

0 22 

7 

0 027 

0 027 

0 21 


8 0 036 0 036 0 21 


250 9 

123 

45,000 
to 350 

9.130.000 
to 

4.800.000 

Marked 

aplasia 


Died during 
stage of marked 
granulopenia 







Died 10 minutes 
after admmis 
tration 

130 4 

64 

15.000 
to 

6.000 

9.100.000 
to 

3.500.000 

Moderate 

aplasia 


Comatose for 12 
hr , died of air 
embolism 

20 

2 

S.COO 

to 

12,000 

Count 
not made 

None 

10% 

Sick at begin 
nmg of evpeii 
ment 

26 75 

29 

14,000 
to 6,000 

6,300,000 

Slight 

aplasia 

2% 

Found dead in 
cage 

255 5 

107 

22.000 7,400,000 

to to 

6.000 5,200,000 
(No counts 5 days 

before death) 

Marked 

aplasia 

9 

Found dead in 
cage 

60 2 

65 

17,500 
to 5,500 


Slight 

aplasia 

4 

Died while pass 
mg stomach tube 


fall below 6,000 The percentage of pol>morphonucIear leukocytes varied from 
52 to 80 The red cell count was 9,100,000 at the beginning of the observations 
and 6,400,000 at the end of the experiment The platelets were not counted but 
appeared numerous m all slides 

The wlnte cell count of dog 1 dropped to 900 at the end of the fifth month 
The dose of ammopynne was reduced from 0 28 to 0 14 Gm per kilogram, and two 
days later the white cell count increased to 32,000, of which 95 per cent were 
polymorphonuclear cells The dose of ammopynne was then gradually increased 
to 0 33 Gm per kilogram, but later it was dropped to 0 25 Gm per kilogram, as 
the former dose was too toxic The day before the death of the animal the white 
blood cell count was 350 No polymorphonuclear leukocytes were found in the 
blood smears 
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Fig 2 — Details of experiments on clogs 6, 7 and 8 




36 


ARCHIVES OF INTERNAL MEDICINE 


Some details of the blood counts of dogs 1 and 3 are recorded m table 2 
Other details of the experiments appear in figure 1 and table 1 

Dog 4 died of a pulmonary infection shortly after the beginning of the experi- 
ment Details of the experiments conducted with dogs 6, 7 and 8 are found m 
figure 2 and table 1 Dog 7 was the only one of this series to survive any great 


Table 2 — Details of Blood Counts of Dogs 1 and 3 
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5/15/34 
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56 

33 

5 

6 
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62 

23 

5 
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GO 

24 

6 
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5/29/34 
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53 
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3 

8 


6/20/34 
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7 
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(Administration of aminopjnne started) 





6/27/34 

7,930,000 

11,500 

59 

30 

4 

7 


7/20/34 

8,160,000 

9,100 

59 

14 

6 

21 


10/23/34 

11,000,000 

5,600 

49 

31 

18 

2 


11/ 6/34 

7,300,000 
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60 

32 

4 

4 


11/26/34 
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2 

93 

5 
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5 



12/20/34 

4,820,000 

8,300 

84 

5 5 

10 5 



1/29/35 


14,700 






2/11/35 


6,000 

69 

22 

9 



2/25/35 


800 

IS 

76 

6 



2/28/35 


22,000 

54 

SO 

16 



3/16/35 


5,000 






3/25/35 
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Dog 3 








5/15/34 

9,100,000 

9,700 

69 

23 

3 
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5/18/34 

8,200,000 

9,150 

68 

29 

2 

1 


5/23/34 

8,790,000 

8,000 

73 

17 

7 

3 


5/29/34 

7,840,000 

9,800 

51 

40 

6 

3 



(Administration of aminopjrine started) 





6/27/34 

7,380 000 

9,800 

54 

31 

0 

13 


7/ 4/34 

6,000,000 

7,700 

15,500 

62 

21 

8 
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7/20/34 

6,530,000 
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17 

4 
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11/ 1/34 


6,200 

68 
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1 

12/12/34 


6,000 

81 

11 

7 

1 


12/24/34 

3,500,000 

9,400 
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IS 

7 



12/30/34 

Died 








length of time Unfortunately, no white blood cell counts were made on this 
dog for five days preceding death It is probable that the white cell count was 
low, as the bone marrow was fully as aplastic as that found in dog 1 

The presentation of the main details of the observations at autopsy is limited 
to animals 1, 3, 7 and 8, as the few changes noted in the remainder of the dogs 
are not relevant to the problem None of the dogs had gangrenous or ulcerative 
lesions of the gastrointestinal tract Grossly the various organs, except the bone 
marrow, appeared normal Microscopically the spleens contained considerable 
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amounts of coarsely granular, iron-contaimng pigment Erythroblasts were observed 
in the spleens of dogs 1 and 7, and the lymphoid tissue was scanty 

The bone marrow of dogs 3 and 8 could not be distinguished grossly from 
normal marrow, except perhaps for some increase in red marrow' The bone 
marrow of dogs 1 and 7 w'as interesting in that nearly all the marrow' was thin 



Fig 3 (dog 1) — Bone marrow of the humerus (X 310) 


and red and contained streaks of fat Histologic examination revealed nearly 
complete aplasia of the myeloid elements of the marrow There w'as noticeable 
aplasia of the erythroblastic cells Between the small islands of bone marrow 
tissue were dilated vascular channels filled with red blood cells and fatty tissue 
The megakaryocytes appeared to be reduced in number 
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i^Ijcroscopically the marrow of dog 3 presented moderate but definite aplasia 
of the m}eloid cells, with relative increase of the erythroblastic cells Minor 
changes in the marrow were noted in dogs 6 and 8, which could be interpreted as 
slight h 3 perplasia or slight aplasia of the myeloid cells, depending on the location 
of the marrow 



Fig 4 (dog 3) — Bone marrow of the humerus ( X 310) 


An interesting relation between the total number of grams of aminop 3 rine 
administered and the degree of aplasia of the bone marrow is noted in table 1 
The most marked aplasia of the bone marrow was observed in the 3 dogs receiving 
the largest amounts of aminopynne Three of the remaining dogs died of the 
S3stemic tOMC effects of the drug before changes in the bone marrow were 
sufficiently marked to be unequivocal 
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In the foiegoing account it has been cleaily demonstiated that aplasia 
of the bone marrow of dogs follows the oial administiation of large 
quantities of ammop3Tine The action is not unlike that of benzene 
and IS somewhat selective, as the destiuction of m}eloid elements pre- 



Fig 5 (dog 6) — Bone marrow (X 310) 


cedes the aplasia of the erythroblastic cells Fuithermore, these experi- 
ments emphasize the fact that individual vaiiation m susceptibilit) to the 
toxic effects of the diug is difficult to evaluate in grams per kilogram 
In these experiments, however, we weie concerned only with the toxic 
effects of aminopyrine, and not with individual susceptibility Such an 
experimental pi edication i equires that the dose of the drug be graduated 



40 


ARCHIVES OF INTERNAL MEDICINE 


to show its toxic effects rather than to find a susceptible animal to which 
the so-called theiapeutic dose would be toxic 

It IS probable that if other drugs are fed in laige quantities similar 
changes in the bone marrow would be produced However, such a 



Fig 6 (dog 7) — Bone marrow ( X 160) 


probability does not m any way detiact fiom the fact that ammop}rine, 
aside from its direct systemic toxic action, has a selective action on 
bone marrow 

The transference of these expeiimental results fiom dogs to man 
would be extremely hazardous and unscientific had we no more infoima- 
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tion than is found m our experiments However, there is considerable 
evidence to show that a small percentage of persons are extremely 
sensitive to arainopyrme and react by the development of neutropenia 
that may result m death These and other facts found m our summary 



Fig 7 (control dog) — Bone marrow of the tibia (X 310) 


of the literature clearly establish aminopyrme as one of the causes of 
malignant neutiopenia Our experimental results merely establish the 
fact that aminopyrme has a selective toxic action on bone marrow 
It IS our opinion that aminopyrme is only one of a variety of agents 
causing malignant neutropenia, although an important one 
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CONCLUSIONS 

It has been shown in these expeiiments that aminopynne has a toxic 
effect on the bone marrow of dogs when administered orally in large 
doses 

The end result is one of se-veie aplasia of the bone marror\, lather 
than of hyperplasia with “matuiation airest ” 

Neutropenia was noted m 1 of the 2 dogs having a markedly aplastic 
bone marrow 

A summary of the hteiatuie on the expeiimental pioduction of 
malignant neutiopenia is piesented 



ANATOMIC OBSERVATIONS ON SEVENTY HOSPITAL 
PATIENTS AFTER SUDDEN DEATH 

JAMES R LISA, MD 

AND 

JAMES FINLAY HART, MD 

NEW YORK 

Between Jan 1, 1927, and June 30, 1936, autopsies were performed 
on 70 patients who died suddenly in the wards of the New York City 
Hospital All of these patients were sufficiently sick to lequire hos- 
pitalization, some being dangeiously ill while others weie ambulatory 
and comfortable Death was sudden in the respect that it came on 
unexpectedly and occurred within twenty minutes of the initial symp- 
toms We have analyzed and grouped these cases, and we hereby 
report our observations 

The great majority of the deaths were cardiac There were 49 
patients, over two thirds of the total number, who gave anatomic evi- 
dence of fatal changes m the heart The histologic data on many of 
these patients have been reported in detail by one of us ^ In 7 instances 
the cause of death was cerebral and in 4 pulmonary Spontaneous 
rupture of the aorta accounted for 3 fatalities, ruptured aneurysm for 
3, gastric accidents for 2, asphyxiation by a bolus of food for 1 and 
status lymphaticus for 1 

The cardiac causes could be arranged m eight subdivisions Acute 
miliary infarction was the most prominent, being noted twelve times 
Acute toxic myocarditis came next, with 10 instances Acute coronary 
thrombosis followed, with 9 examples, and acute infectious myo- 
carditis, with 7 The division of acute rheumatic infection consisted 
of 4 cases, acute interstitial involvement of 3, heart block of 2 and 
aortic stenosis of 1 

While we were able to arrange these cases in eight subdivisions, 
it was accomplished with no little difficulty For example, 2 of the 
cases of acute miliary infarction could have been justifiably listed 
under infectious myocarditis Bacterial emboli were noted m the 
myocardial branches of the coronary arteries in 1 case, and in 
another there was acute infectious endocarditis of coccic orgin with 
thrombi in the coronary aiterioles Again, of the cases of mteistitial 

From the First Medical Division, service of Dr John Carroll, and the 
Pathological Laboratories, New York City Hospital, Department of Hospitals 

1 Lisa, J R The Pathology of the Heart in Sudden Cardiac Death, Ann 
Int Med , to be published 
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myocarditis, the condition in 1 was associated with acute lobar pneu- 
monia, acute pericarditis and acute peritonitis It would have been 
justifiable to include this with cases of infectious myocarditis Fur- 
thermore, in 1 case listed under acute toxic myocarditis the disease 
was associated with acute lobar pneumonia, acute mediastmitis and 
acute pericarditis The last 2 cases were not classed with those of 
infectious myocarditis, solely because organisms were not demonstrable 
within the myocardium 

The lesion we call acute miliar)'^ mfaiction has been repoited by 
Roesler and Soloflf “ It consists of a small area of myocardial necrosis 
about the size of a low power microscopic field, sharply delimited and 
consisting practically of preexisting reticulum only, with remnants of 
myocardial cytoplasm, nuclei and lipochrome Occasionally a few 
degeneiating polymorphonucleai cells are seen at the peiiphery 

In all of our cases of coronary thrombosis the patients were in the 
old age gioup and showed extreme arterioscleiosis of the coionary 
arteries In 6 cases only had there been associated clinical evidence of 
hypertension and arteiioloscleiosis of the kidneys Two patients were 
Negroes, a man and a woman, although coronary thrombosis is com- 
monly believed to be a rarity m this race 

We observed 9 cases of acute toxic myocarditis and 8 cases of acute 
infectious myocarditis In 5 cases of the infectious group the condi- 
tion was associated with acute valvular endocarditis In 3 of the cases 
there was syphilitic myocardial involvement, m 1 of which theie was 
an acute rheumatic myocarditic lesion almost as extensne as the syph- 
ilitic lesion In another case an unusual syphilitic manifestation con- 
sisted of arteritis afifecting the myocardial blanches of the coronary 
aiteries, with softening proceeding to local thiombosis In 6 of the 
9 cases of toxic myocarditis there was associated acute pneumonia, 
in 1 of these cases stieptococci were isolated, and m 1 there was a 
history of a recent infection of the upper respiiatoiy tract 

The 4 cases of acute rheumatic myocarditis were charactei ized by 
an extraordinary number and wide distribution of Aschoff bodies 
While sudden death m acute rheumatic heait disease is uncommon, 
It has been previously reported ^ 

The patients with heart block exhibited the Stokes-Adams syndrome 
In 1 case the condition was complicated by a meningioma of the dura, 
while m the other only very mild fatty myocardial degeneration was 
apparent Although the heart block was present in the latter case for 
over a year, the conduction system failed to show any histologic changes 

2 Roesler, H , and Soloff, L A Ann Int Med 9 477, 1935 

3 Rheumatic Heart Disease, Cabot Case 22041, New England J Med 214 
154, 1936 
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In the case of aortic stenosis theie was extremely tight stenosis of 
the aortic valve with minimal lesions deep m the myocardium accom- 
panied by lymphoid, plasma and a few polymorphonuclear cells 

In 4 of the 7 cases of cerebral involvement the causes of death were 
proved at autopsy They were, respectively, recent hemorrhage into 
the medulla, Torula meningoencephalitis, pontile hemorrhage and tumor 
of the brain In the remaining 3 cases the general autopsy failed to 
reveal the cause of death, and the brains were not obtained , observation, 
howevei, suggested the probability of cerebral lesions 

The pulmonary gioup consisted of 4 cases In 3 of these death 
was dPe to pulmonary embolism The origin of the embolism was not 
determined in 2 cases, but m the third it was observed to arise from 
extension into the vena cava of primaiy carcinoma of the kidney ^ In 
the last case there was a massive hemorrhage from pulmonary tuber- 
culosis 

The ruptured aneurysms were all syphilitic Two were thoracic 
and one was abdominal Although this appears inconsistent with the 
known tendency for abdominal aneurysms to rupture, m the series of 
syphilitic aneurysms examined post mortem m the hospital, there was 
a much higher percentage of abdominal than of thoracic ruptures 

In 2 of the 3 cases of acute rupture of the aorta the rupture had 
occurred m the mtrapencaidial portion of the aorta and resulted m 
hemopericardmm In both there was associated essential hypertension 
In 1 there was the complication of syphilis, but this had affected the 
aorta well beyond the scene of rupture In the third case the abdominal 
aorta was involved, and the point of rupture was near an arterio- 
sclerotic plaque It was of interest to note that m 1 case of thoiacic 
rupture an infectious myocardial lesion was demonstrable histologically 
and that m the case of abdominal rupture extensive septicopyemia was 
present 

In 1 case of gastric involvement death resulted fiom hemorrhage 
m a carcinoma, m another necropsy revealed perforation of a gastric 
ulcer with peritonitis 

Asphyxia caused by a bolus of food m a patient with bulbar palsy 
accounted for 1 death, while another was due to status lymphaticus 
m a pregnant woman who was being anesthetized 

RELATION OF POSTMORTEM TO CLINICAL DIAGNOSIS 

We were interested to find m what percentage of cases the clinical 
diagnosis was correct In 26, or about one third, of the cases the 
anatomic findings corroboiated the clinical diagnosis In 9 instances 
the clinical diagnosis was not correct, but could be considered reason- 


4 Boyd, C S, and Lisa, JR J Pediat 5*608, 1934 



46 


ARCHIVES OF INTERNAL MEDICINE 


able In the remaining 35 cases the patients died of conditions not 
recognized by the clinicians 

In the group of conditions that were correctly diagnosed, the out- 
standing involvement was acute coronary thiombosis, which occurred 
in 8 cases The clinical picture of this is distinctive, and as it is a 
commonly recognized cause of sudden death one would not be sur- 
prised to find a considerable degree of accuiacy in the diagnosis In 
the cases of acute rheumatic myocarditis the disease was diagnosed 
clinically, while apoplexy, heart block and ruptured syphilitic aneurysm 
were each recognized as the cause twice In the remaining 9 cases 
the conditions varied in type and were easily recognized clinically 

In 3 cases m which we designate the clinical diagnosis as reasonable 
a condition diagnosed as coronary sclerosis was seen to consist of 
acute miliary infarctions of the heait In 1 a condition diagnosed 
as spontaneous pneumothorax was a pulmonary embolism, m 1 a 
possible abscess of the lung was actually a tuberculous hemorrhage, 
and in 1, acute rheumatic fever, with presenting migrating arthritis 
for three weeks, proved to be acute endocarditis and myocarditis, 
probably meningococcic In 1 case a condition diagnosed as tubeiculous 
meningitis was Torula meningoencephalitis, and in a case in which the 
diagnosis was toxic goiter with coronary sclerosis an inflammatory 
lesion of the myocardium was present A patient said to have per- 
nicious anemia who died of a cardiac condition was considered at autopsy 
to have had acute toxic myocarditis 

The clinical diagnosis m the remaining 35 cases did not explain 
the cause of death In 25 cases the anatomic diagnosis was mjocaiditis 
Of these, instances of miliary infarctions comprised the largest group, 
with toxic myocarditis second and infectious myocarditis third 

The clinical featuies of acute miliary infarctions are those of acute 
left ventricular failure Miliaiy infarctions are usually diagnosed as 
coronary thrombosis because they occur most frequently in cases of 
recognized coronary sclerosis, and at autopsy they are piactically always 
associated with the more severe grades of coronary sclerosis Acute 
toxic myocarditis is usually associated with pneumonia This is not 
generally appreciated by clinicians, although Gonzales found it occa- 
sionally during the pandemic of 1918-1919 ® Infectious myocarditides 
are not diagnosed because other factors, such as syphilis and rheumatic 
heart disease, are more prominent and mask the features of the 
infectious element In our experience at the hospital infection super- 
imposed on valves deformed by syphilis or rheumatism is much more 
frequent than the hteratuie indicates On clinical giounds, this con- 

5 Gonzales, T A Personal communication to the authors 
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dition can frequently be suspected because a sudden increase in cardiac 
symptoms occurs after a long period of slight vai lability 

MAIN CAUSE OF DEATH A VASCULAR CONDITION 

Our observations lead us to believe that the principal cause of 
sudden death may be considered as vascular This is especially tiue 
when we employ “vascular” m the broad sense and include the heart 
as a modified blood vessel Of the entire series, in 62 cases involve- 
ment was definitely of this character In 5 cases only the condition 
was nonvascular, with 1 instance each of asphyxiation from a bolus 
of food, Torula meningoencephalitis, brain tumor, perforated gastric 
ulcer and status thymicolymphaticus In the remaining 3 the cause 
probably was a cerebial vascular accident of embolic natuie 

ROLE OF INFECTION 

It was appaient that infection played a detei mining part in many 
of these cases of sudden death In the majoiity of cases in the cardiac 
group there was evidence of an infectious or toxic factor affecting the 
myocardium In 12 cases of the infectious group syphilis, rheumatism 
and the acute endocarditides accounted for death, in all with profound 
damage to the myocardium The most prominent feature of the cases 
m the toxic group was the presence of acute pulmonary infections, 
which occurred m the great majority This factor was particularly 
noticeable m infants and children In the older patients the good 
condition of the coronary vessels was striking Acute or chronic pul- 
monary infections were prominent also m the cases m which there 
was acute interstitial myocarditis It was of interest to note that m 1 
instance each m the infectious and m the toxic group acute pericarditis 
complicated the pneumonia In a somewhat smaller percentage, but 
in more than half, of the cases of miliary infarcts, chronic pulmonary 
infections were present In 1 instance bacterial masses were seen in 
the myocardial arteiioles of the walls affected In a second case acute 
arteriolar thrombi were present with acute endocarditis We noted 
m the majority of the cases of this gioup the most severe grade of 
sclerotic changes of the coronary arteries A toxic element was more 
difficult to prove in the cases of acute coronary thrombosis, but m 2 
instances an acute glomerular lesion suggested that such a factor was 
present 

Spontaneous rupture of the aorta is generally believed to be due 
to acute medial necrosis of toxic origin, which occurs in an otherwise 
normal vessel In 1 example m the present series, clinically mild 
pharyngitis had preceded by a few da)'’s the vascular accident In this 
case an odd histologic finding m the heart was acute infectious myo- 
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carditis In 2 cases of miliary infarction, in both with minimal coronary 
arteriosclerosis, acute medial necrosis of the coronary vessels was asso- 
ciated with purulent bronchiectasis This lesion is similar to that which 
results m spontaneous rupture of the aorta 

In the case of rupture of the arteriosclerotic aorta, a bacterial cause 
was not demonstrated The septicopyemia, however, strongly suggested 
that a local septic process had been present and had been destroyed by 
subsequent massive hemonhage 

SUMMARY AND CONCLUSIONS 

Considering this report from a clinician’s point of view, we note 
that about one third of the deaths were explainable by the clinical 
diagnosis There were also 9 cases m which the diagnosis was nearly 
enough correct to be considered reasonable One may say that the 
chances of making a correct diagnosis of sudden death under similar 
conditions are about 12 It is possible that the percentage of errors 
might be improved, as some of the patients whose condition was incor- 
rectly diagnosed were not long enough in the hospital for a thorough 
study to be made 

As one would expect, we found sudden death to be largely the 
result of a vascular accident In about 89 per cent of our cases the 
cause was proved to be of this nature Infection played a recognizable 
role in these fatalities Aside from syphilis, rheumatism and acute 
endocarditis, we observed that acute or chronic pulmonary infections 
were commonly associated This was paiticularly noticeable in chil- 
dren 

We believe that one might ariive at a more perfect diagnostic score 
by giving greater consideration to the possibilities of the vascular, or 
perhaps the cardiovascular, aspect, especially when infection is present 
In 25 of the 35 cases in which the cause was unrecognized death was 
attributed to myocarditis In most if not all of these there was clinical 
evidence of concurrent infection Had the clinician been more con- 
scious of the possibility of acute miliary infarction of the myocardium 
and acute toxic myocarditis in cases of this type, theie would have 
been a larger percentage of correct diagnoses It would be reasonable 
to say that in 55 or more of the 70 cases the condition could have 
been correctly diagnosed if these pathologic changes were more com- 
monly known to clinicians 



ROENTGENOGRAMS OF THE CHEST AND THE 
INTRACUTANEOUS TUBERCULIN TEST 
FOR ADULTS 
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For many years investigators have striven to evolve some sort of test 
which would help m the diagnosis of tuberculosis In 1907 von Pirquet 
brought forth his well known cutaneous test, and soon seveial modifica- 
tions of the test were introduced, including the Mantoux mtracutaneous 
test, which has so well stood the test of time that at present it is used 
more extensively than any of the others The value of the Mantoux 
test as an aid in establishing a diagnosis of tuberculosis in infancy and 
early childhood has been accepted foi many yeais Repoits of its value 
in adult life have been received with varying degrees of approbation and 
distrust, and only m recent years has it been found to have a definite 
place, when properly performed and interpreted, as an aid m establishing 
a diagnosis of tuberculosis m older patients 

The lack of agreement as to the value of the mtracutaneous tuber- 
culin test for adults may be due to the facts that it is generally Uaed as 
a qualitative test and that in routine testing dilutions of 1 100, 1 1,000 
and 1 10,000 are used There is, moieovei, no geneial agreement as to 
what constitutes a positive reaction Atsatt ^ m reporting a series of tuber- 
culin tests on 211 patients with tuberculosis of bones and joints stated 
that the reactions were read in 6 degrees of intensity but did not describe 
the reaction which he interpreted as positive He used dilutions of 
1 1,000, 1 2,500, 1 5,000 and 1 10,000, the 1 10,000 dilution was 
considered as diagnostic King,^ m another series of tests, using a 
1 20,000 dilution as diagnostic, considered a positive reaction to be an 
area of eiythema, nearly always indurated, 1 cm or more m diameter 
Blair and Galland ® stated that their criterion for a positive reaction 

From the Department of Medicine, University of Chicago 

1 Atsatt, R F Studies with a Quantitative Tuberculin Reaction, J Bone & 
Joint Surg 9 657 (Oct ) 1927 

2 King, R B A Tuberculin Test of Value in Adults, New England J Med 
207 831 (Nov 10) 1932 

3 Blair, J E , and Galland, W L A Differential Quantitative Tuberculin 
Test, Am Rev Tuberc 23 1 (Jan ) 1931 
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IS the formation of an indurated cutaneous nodule, whatevei its size, 
usually accompanied by erythema They used dilutions of 1 10,000, 
1 100,000, 1 1,000,000 and 1 10,000,000 The 1 100,000 dilution was 
considered diagnostic Ayman,^ using dilutions of 1 10,000 to 
1 10,000,000, with the 1 50,000 dilution as diagnostic, considered a 
positive reaction to be an area of erythema 10 by 9 mm oi more, 
nearly always induiated Moncneff,® reporting a series of qualitative 
tuberculin tests of children with dilutions of 1 100, 1 1,000 and 

1 10,000, stated that a positive reaction consists of a red area of swell- 
ing, easily palpable, frequently tender and with an average diameter 
of 2 cm He also stated that erythema alone without a palpable swelling 
IS not sufficient for a reaction to be called faintly positive Opie and 
McPhedi an ® in their investigation assumed that an area of redness 10 
mm or more m diameter indicates a positive reaction and stated that 
“inconspicuous spots of redness or redness with no edema have not 
been regarded as definite evidence of hypersensitiveness to tuberculin ” 
Hart,’' on the other hand, stated that “a reaction should be regarded 
as positive if it consists of an area of erythema or erythematous infiltra- 
tion the greatest diameter of which equals or exceeds 5 mm ” Cummins 
and Walker ® even considered that “no reaction measuring less than 

2 mm across can be accepted as definite ” 

Not only is there no general agreement as to what constitutes a 
positive tuberculin reaction, but some of the technics reported in the 
literature are open to question In some instances the tests have been 
performed by different peisons and the results interpreted by nurses 
and interns, unless such woikers have had a good deal of experience 
with the tests the peicentage of error is likely to be high Cummins 
and Walker stated that their object was to raise a wheal about the 
size of a threepenny piece, and they paid more attention to the attain- 
ment of this effect than to the absolute amount of fluid injected, although 
the average volume was “round about 01 cc ” 

It IS generally agreed that the qualitative tuberculin test with the 
dilutions commonly used is of value in establishing a diagnosis of 

4 Ayman, D The Intracutaneous Quantitative Tuberculin Test in the 
Diagnosis of Active Tuberculosis, JAMA 103 154 (July 21) 1934 

5 Moncneff, A The Qinical Interpretation of the Intradermal Tuberculin 
Reaction, Quart J Med 24 153 (Jan ) 1931 

6 Opie, E L , and McPhedran, F M The Contagion of Tuberculosis, Am 
Rev Tuberc 14 347 (Oct ) 1926 

7 Hart, PDA The Value of Tuberculin Tests in Man, Medical Research 
Council, Special Report Series, no 164, London, His Majesty’s Stationery Office, 
1932, p 126 

8 Cummins, S L , and Walker, S B H Investigation and Assessment 
of One Hundred Cases of Pulmonary Tuberculosis, Tubercle 12 436 (July) 1931 
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tuberculosis only for infants and •very 3 ^oung children and is of extremely 
limited value for adults The quantitative factor, or the measure of 
the degree of hypersensitivity to tuberculin, has been gieatly neglected 
From the time of the earliest description of the tuberculin reaction 
theie has been a semblance of the belief that there is a relation bet'ween 
the degree of sensitivity to tuberculin, as shown by the cutaneous reac- 
tion, and the extent of the tuberculosis in the person being tested 
Thus von Pirquet required for a positive reaction an area of er 3 rthema 
not less than 5 mm in diameter Mantoux’s technic demanded the 
mtradermal injection of 1 drop of a 1 5,000 dilution of tuberculin 
Both investigators thus presupposed a quantitative element in these 
tests It appears plausible that active tuberculous disease, -with continual 
reaction of the patient to repeated liberation of toxic material from 
the focus of activity, is accompanied by a degree of hypersensitivity * 
different from that associated with a latent infection or a long-continued 
process of healing, in which the escape of toxic substance from a focus 
IS inhibited or prevented by walling off By administration of a series 
of graded dilutions of tuberculin it should be possible to establish a 
point above which reactions can be obtained only in those who possess 
a considerable degree of hypersensitivity, that is, persons actively com- 
bating tuberculous disease 

This paper describes an effort to correlate the local reactions to the 
intracutaneous injections of different dilutions of commercial old tuber- 
culin with the roentgen findings in the chests of 460 healthy young 
adults and 45 young adults with active lesions, the object being to 
evaluate the cutaneous reactions in terms of past or present tuber- 
culous infection in the lungs It also includes a brief discussion of 
some of the problems encountered m such a study 

MATERIAL 

Two groups of young adults were used for the study The first group con- 
sisted of 232 nurses ranging in age from 18 to 30 years They were in good 
health at the time of the tests and had passed physical examinations when they 
began training They were considered a homogeneous group, perhaps representing 
better health than a group of the same age chosen at random The second group 
consisted of 230 healthy graduate nurses, interns and attendants and 43 adults 
who were found to have active lesions on routine physical examination Their 
ages varied from 20 to 35 years, approximately 95 per cent were between 20 
and 30 

METHOD 

The tuberculin tests were performed by the mtradermal injection of 01 cc of 
different dilutions of commercial old tuberculin into the flexor surfaces of the 
forearms and one injection of 0 1 cc of the diluting fluid for control The diluting 
fluid contained 0 2 per cent phenol in an 0 85 per cent solution of sodium chloride 
For the first group 1 1,000 and 1 5,000 dilutions were used and for the second 
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group 1 10,000 and 1 100,000 The dilutions were made fresh each week 
MacGregor syringes containing 1 cc and graduated in tenths and 27 gage needles 
were used All reactions to tests and controls were measured for induration and 
redness after twenty-four and forty-eight hours and the majority also after seventy- 
two hours All the tests and readings for the two groups were done by the same 
person 

The reactions were divided according to severity into the following groups 


Group 

0 

1 

2 

3 

4 


Reaction (Induration), Mm 
None 

10 by 10 to 15 by 15 

15 by 15 to 20 by 20 

20 by 20 to 30 by 30 

30 by 30 and abo^e 


The roentgen plates of the chests were studied with regard to signs of past 
and present infection Naturally in this group many of the plates were considered 
normal from the roentgenologic standpoint, but the following divisions were made 

Group Reading 

I Completel}' negative 

II Large irregular calcifications in hilus, parenchyma or both 
III Signs of present activity 

The results are recorded in the table It will be seen that in group I, 
those whose roentgenogi ams were completely negative, 131, or 62 4 
per cent, gave a negative reaction to the 1 1,000 dilution and 79, oi 
37 6 per cent, a positn^e leaction, with the 1 5,000 dilution, 169, or 
80 4 per cent, gave a negative and 41, or 19 6 per cent, a positive reac- 
tion , with the 1 10,000 dilution, 176, or 83 8 per cent, gave a negative 
and 34, or 16 2 per cent, a positive reaction, with the 1 100,000 dilu- 
tion, 203, or 96 7 per cent, reacted negatively and 7, or 3 3 per cent, 
positively In group II, those with large irregular calcifications in the 
hilus or parenchyma, 9, or 45 pei cent, gave a negative reaction and 
11, or 55 per cent, a positive reaction to the 1 1,000 dilution With 
the 1 5,000 dilution, 12, or 60 per cent, had a negative and 8, oi 
40 per cent, a positive reaction, with the 1 10,000 dilution, 15, or 71 5 
per cent, had “a negative and 5, or 28 5 per cent, a positive reaction and 
with the 1 100,000 dilution, 20 had a negative and none a positive 
reaction 

In group III, those with roentgen evidence of present activity, only 
2 were tested with the 1 1,000 and the 1 5,000 dilution, and both had 
positive reactions With the 1 10,000 dilution and the 1 100,000 
dilution, 41, or 94 8 per cent, gave a positive and 2, or 4 6 per cent, a 
negative reaction Hence with 1 1,000 and 1 5,000 dilutions of old 
tuberculin there seems to be no correlation between the cutaneous leac- 
tions and the roentgen findings of the chests of young adults sufficient to 



Compai ison of Roentgenogi ams of the Chest and Intracutaneous Tube> ciihn Reactions of Five Hundred and Five Young Adults 

zvith 1 1,000, 1 5,000, 1 10,000 and 1 100,000 Dilutions of Old Tuberculin 
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be of worth in evaluating the past or present activity of tuberculous 
infection in the lungs But response to a dilution of 1 100,000 may 
usually be considered indicative of active tubeiculosis, and response to 
the 1 10,000 and not to the 1 100,000 dilution seems to indicate latent 
or healed tuberculosis 

It should be stated that of the 7 subjects who had negative loent- 
genograms and who had a positne reaction to the 1 100,000 dilution, 
3 had a history of contact One, a nurse, had just finished a course 
of training at a tuberculosis sanatoiium, anothei, an intein, had finished 
an internship at a similai institution, and the thud was a man whose 
wife had tuberculosis One of the otheis had rather extensive calci- 
fications in the hilus and parenchyma The significance of definite 
evidence of calcification in the hilai region oi in the parenchyma has 
only recently been appieciated Pathologists have shown that unless 
these lesions are completely calcified they should not be looked on as 
healed For a discussion of this subject the lepoits of Hektoen,® 
Opie and Aronson^® and, moie recently published, Feldman and 
Baggenstoss should be consulted At any late, the roentgenogram 
gives little information on what is happening within and immediately 
around these deposits This is well illustrated by 1 of the group, m ho 
had a positive reaction to the 1 100,000 dilution and ^^hose roentgen- 
ograms showed extensive calcification in the lulus and paienchjma 
The roentgenograms were consideied to show noimal conditions except 
for the calcifications About a year after the first plates were taken 
an exploratory laparotomy was done, and the patient was found to have 
tuberculous peritonitis Roentgenograms made on seveial occasions 
before the opeiation showed no change from the original plates, but 
the primaiy focus was piobably in the lungs 

The 2 adults who had roentgen evidence of active lesions and whose 
tuberculin reactions weie negative had small areas of infiltiation about 
3 mm m diameter in the subapical legion but no othei evidence of 
tuberculosis Unfortunately, further testing of these subjects could 
not be done 

It should be stated also that the majorit)’- of the patients with active 
lesions had a minimal exudative type of tuberculosis Westwater^- 

9 Hektoen, L Tubercle and Morbid Anatomy, in Klebs, A C Tubercu- 
losis A Treatise by American Authors, New York, D Appleton and Company, 
1909, chap 2, pp 52-79 

10 Opie, E L , and Aronson, J D Tubercle Bacilli in Latent Tuberculous 
Lesions and in Lung Tissue Without Tuberculous Lesions, Arch Path 4 1 (July) 
1927 

11 Feldman, W H, and Baggenstoss, A H The Residual Infectivity of 
the Primary Complex of Tuberculosis, Am J Path 14 473 (July) 1938 

12 Westwater, J S Allergy in Tuberculosis The Quantitative Use of the 
Mantoux Test, Tubercle 15 543 (Sept ) 1934 
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concluded from his woik that the 3 foung adult with exudative disease 
tends to have higher sensitivity than the older subject with the fibroid 
type, 1 e , the more recent and active the disease, piovided it is not 
massive, the higher the sensitivity 

In the group with active lesions the cutaneous reactions were usually 
larger than m the other gioups None of the positive reactions in the 
group with active lesions measured less than 10 by 10 mm Howevei, 
the size of the reaction is perhaps not as impoitant as the degree It 
IS obvious that an area of 20 mm m diameter showing simple infilti ation 
means less sensitivity than a reaction of the same size showing necrosis 
In our experience induration is the most important ciiteiion of a posi- 
tive reaction Eiythema alone is unreliable It is occasionally seen in 
sensitive skins, in case of Negio patients it is often impossible to judge 
the piesence of erythema In this series, at least, the most intense 
reactions showed induration, pale }ellow edema and occasionally 
vesiculation 

These results indicate that the quantitative tubeicuhn test is a 
valuable confirmatory diagnostic pioceduie m eaily adult life and is 
pel haps as valuable an aid as the qualitative test m infancy and early 
childhood In case of infants and young children one is usually dealing 
with the first infection type of tuberculosis, while m case of adults 
It IS the reinfection type To use the words of von Pirquet, the fiist 
group as a rule has not “met the tubeicle bacillus,” while the second 
group has done so It is well known that certain conditions modify 
the tuberculin reaction, but these conditions aie usually obvious and 
have to be taken into consideration when one mteipiets the test It is 
also well known that a tuberculin test and a roentgen examination of 
the chest do not constitute complete examination foi tubeiculosis 
They only provide evidence that may be used by the clinician m con- 
junction with the history and with results of phj^sical and laboratoiy 
examination in arriving at a final diagnosis Howevei, piobably the 
best method of selecting subjects for such an examination is the use 
of the quantitative tubeicuhn test and roentgenogiams 

CONCLUSIONS 

Intracutaneous tuberculin tests were performed on a group of 505 
young adults with different dilutions of old tubeicuhn, and the lesults 
were compared with roentgen evidence of past oi present tubeiculous 
infection in the lungs 

With 1 1,000, 1 5,000 and 1 10,000 dilutions of old tuberculin 
there was not sufficient correlation between the cutaneous reactions and 
the roentgen findings to be of worth m evaluating the past or present 
activity of tuberculous infection m the lungs 
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With the 1 100,000 dilution, however, 96 7 per cent of 230 young 
adults whose roentgenograms Avere negative gave a negative reaction 
and 3 3 per cent a positive reaction With the same dilution, 41, or 
94 8 per cent, of 43 young adults who had roentgen and other evidence 
of active tuberculosis gave a positive reaction and 2, or 5 2 per cent, 
gaA'^e a negative reaction 

None of the positive reactions in those with active lesions had an 
area of induration measuring less than 10 by 10 mm Induration is 
considered the most important criterion of a positive reaction 
Er3d;hema alone is unreliable 

The quantitative intracutaneous tuberculin test is a valuable aid 
when used in conjunction Avitli other available data in establishing a diag- 
nosis of tuberculosis m A'oung adults Its accuracy when it is properly 
performed and interpreted is comparable to that of the commonly 
accepted immunologic and serologic diagnostic procedures 



TEST OF GLOMERULAR FUNCTION WITH 
SODIUM FERROCYANIDE 

FURTHER STUDIES 
EDWARD J STIEGLITZ, MD 

GARRETT PARK, MD 

The first clinical studies on the urinary excretion of sodium ferro- 
cyanide as a criterion of glomerular efficiency were reported m 1934^ 
It was then shown that the curves for the excretion of this salt by normal 
persons are characteristic and have but little variation In the succeed- 
ing four years additional data have been obtained, and these continued 
studies have further clarified the application of the test 

METHOD 

There has been no significant change in the technic previously reported 
Ampules of sterile dry pure sodium ferrocyanide containing 0 5 Gm of the hydrated 
salt, or about 025 Gm of the anhydrous salt, were employed Ferrocyanide salts 
might be decomposed by the gastric acid if taken orally, but on slow intravenous 
injection no evidences of toxic effects have been observed 

The contents of one ampule are dissolved in 10 cc of steiile distilled water 
and administered by slow intravenous injection It is essential that this solution 
be clear before the injection is started, the salt dissolves rather slowly Specimens of 
urine are collected thirty, sixty, one hundred and twenty and one hundred and 
eighty minutes after the injection and their content of ferrocyanide determined 
by analysis It is immaterial just how much water is consumed before or during 
the test, the rate of excretion appears to be independent of the volume of urine 
Ample fluid to make possible the prompt voiding of urine at the proper intervals is 
desirable 

The titration of ferrocyanide is earned out with a 0 4 per cent solution of 
cupric sulfate (0 004 Gm per cubic centimeter) Before titration the specimen is 
acidified with concentrated sulfuric acid Cupric ferrocyanide is a slightly soluble red 
salt but is more soluble than the well known Prussian blue (ferriferrocyanide) To 
determine the end point in titration, drops of solution of ferric chloride are placed on 
a tile, and as the titration proceeds a drop of the unknown is placed in contact 
with the ferric chloride If free ferrocyanide is present prussian blue is imme- 

From the Department of Medicine of the Chicago Memorial Hospital 
Ampules of sterile dry pure sodium ferrocyanide were supplied by the Abbott 
Laboratories 

1 Stieglitz, E J , and Knight, A A Sodium Ferrocyanide as Clinical Test 
of Glomerular Efficiency Preliminary Report, JAMA 103 1760 (Dec 8) 
1934 
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diately formed, if all the ferroc 3 'anide has already been precipitated as cupric 
ferrocyanide, a distinct delay occurs before the appearance of this blue color 
The end point is therefore read when the appearance of the blue is delayed four 
to five seconds 

The calculation is based on the chemical equation NaiFe(CN)o + 2 CuSO^ 
— > CuaFe(CN)ai + 2 NarSOi The molecular weight of NajFe(CN)(; is 30408 
and that of CuSoi X 2 is 319 26 If the solution of cupric sulfate contains exactly 
0 004 Gm per cubic centimeter, then 1 cc of the solution precipitates exactly 
0 0038 Gm, or 1 52 per cent, of the injected dose of 0 25 Gm of anhydrous sodium 
ferrocyanide The exact strength of the cupric sulfate is best first measured by 
electrolytic methods 

review of previous work 

The application of sodium feirocyanide to clinical study of the 
glomerular efficiency of the kidneys is based on the premise that ferro- 
cyanide salts aie excieted solely by the glomeiuli This almost unique 
distinction was first noted by Marshall and Grafflm - when they obseived 
that the practically aglomerular kidne3's of Lophius piscatorius eliminated 
no ferrocyanide or only 0 2 to 0 5 per cent of the quantity eliminated 
by fish with glomei ular kidneys ^ Histochemical studies on mammalian 
kidneys by Gersh and Stieghtz,^ who utilized the highly accurate Alt- 
mann freezing-diying technic,® or rapid perfusion with a solution of 
cupric sulfate to fix the ferroc)^anide, revealed that in the normal rabbit 
ferrocyanide is eliminated entirel}^ via the glomeruli No evidence of 
tubular excretion was discovered Identical distiibution of ferro- 
cyanide in the tissues of the kidneys of dogs and monkeys has since 
been observed b) Gersh ° The excretion of ferrocyanide ceases when 
arterial tension is reduced by section of the medullary portion of the 
spinal cord This behavioi is in sharp contrast to that of ferric salts, 
which are excreted by the proximal convoluted tubules and whose 
excretion continues despite acute hypotension,’’ but at a rate which 
corresponds to the charactensticallv great drop in excietion of creat- 
inine which was observed on lowering the arterial tension in normal 
men by spinal anesthesia ® 

Extensive studies by Van Slyke, Hiller and Miller® on the ferro- 
cyanide clearance in dogs showed that ferrocyanide, inulin and creat- 

2 Marshall, E K , Jr , and Grafflm, A L Bull Johns Hopkins Hosp 43 
Z05 (Oct ) 1928 

3 Marshall, E K , Jr Am J Physiol 94 1 (July) 1930 

4 Gersh, I, and Stieglitz, E J Anat Rec 58 349 (March 25) 1934 

5 Gersh, I Anat Rec 53 309 (Aug 25) 1932 

6 Gersh, cited by Van Slyke, Hiller and Miller, p 613 

7 Stieglitz, E J Am J Anat 29 33 (May) 1921 Holton, S G , and 
Bensley, R R ibid 47 241 (March) 1931 

8 Lassen, H C A , and Husfeldt, E J Chn Investigation 13 263 (March) 
1934 

9 Van Slyke, D D , Hiller, A , and Miller, B F (a) Am J Physiol 
113 611 and (fo) 629 (Nov ) 1935 
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mine follow the same excretoiy behaMor, as then plasma clearances aie 
equal and independent of the concentrations of plasma They concluded 
that the plasma clearance of fenocyanide, like that of muhn and/or 
cieatmine, is equal to the glomerular filtiation m dogs Feirocyanide 
and inulin were found not to entei the eiythroplastids to any appie- 
ciable degiee but to lemain in the blood plasma, whereas urea diffuses 
lapidly to maintain mtracellulai equilibrium wnth the concentration of 
plasma The urea clearance m dogs is about half the clearance of 
feirocyanide, muhn or cieatmme It is assumed that urea is reabsoibed 
by the tubules wheieas the other substances are not Actually there is 
no convincing proof of the reabsorption of the solute by the tubules 
That water (the solvent) is reabsorbed m the distal convoluted tubules is 
unquestioned The assumption of the leabsoiption of the solute by these 
tubules becomes necessary only wdien one utteily denies the existence of 
possible excietoiy activity on the pait of the pioximal convoluted 
tubules Such denial is unwarranted 

Miller and Winkler studied the sodium ferrocyamde clearance in 
man, using the analytic methods of Edw^ards and Langley Their 
results indicated close parallelism between the ferrocyamde cleaiances 
and the urea cleai ances, whereas the muhn cleai ances were nearly twice 
as great These results aie markedly diffeieiit fiom those obtained 
with dogs,'’"' 111 wdiich essentially identical excretoiy behavior was noted 
with creatinine, muhn and fenocyanide Millei and Winkler concluded 
that the mechanisms for excreting ferrocyamde m man and m the dog 
aie not the same, that m man the salt may be leabsorbed (as urea is 
piesumed to be) and that theiefore the excietion of fenocyanide in man 
does not necessaiily parallel glomerular filtration This apparent dis- 
crepancy requiies confirmation of the data by different methods It 
does not invalidate the clinical application of the excretion of ferro- 
cyanide to the study of glomerular efficiency, for there is no evidence 
whatever indicating that ferrocyamde is excieted via any other route 
than thiough the glomeruli In these studies with patients Miller and 
Winkler^® employed doses of sodium fenocyanide from three to twenty- 
foui times larger than those originally used and lecommended by 
Stieglitz and Knight ^ These huge doses caused renal irritation 

Clinical compai ison by Gordon of the results of the test for excre- 
tion of sodium ferrocyamde with the results of a simultaneous urea clear- 
ance test 1 evealed a coefficient of coi i elation of 0 7 It w^as observed 
also that the excietion of ferrocyamde did not alter the urea clearance 
Gordon concluded that foi practical clinical purposes the twm tests ga\e 

10 Aliller, B F, and Winkler, A J Clin Investigation 15 489 (Sept) 1936 

11 Edwards J G and Langley, W D J Biol Chem 112 469 (Jan ) 1936 

12 Gordon, W Am J M Sc 192 208 (Aug ) 1936 



60 


ARCHIVES OF INTERNAL MEDICINE 


fundamentally parallel lesults Baker and Habein,^^ employing the 
technic of Stieghtz and Knight, studied the excretion of ferrocyanide 
m cases of uiinary obstruction The reduction in excretion of ferio- 
cyanide in their cases of piostatic obstiuction paralleled the reduction 
of phenolsulfonphthalein output Despite the severe renal impairment 
of many of their patients, no systemic toxic symptoms were noted in any 
case It IS remarkable, however, that when prostatic irritation exists, 
injection of ferrocyanide causes marked uiethral and prostatic burning 
for one to two hours, the mtensit}'^ of this local pain varies with the 
frequency of previous catheterization The greater the urethral irrita- 
tion and inflammation piioi to the administration of ferrocyanide, the 
greater the discomfoit I also have obseived this form of local reaction 
in elderly men and have refrained from employing sodium ferrocyanide 
for patients with known urethial irritation 

RESULTS 

The previously repoited senes of tests made on persons with appar- 
ently normal renal function has now been extended to include tests on 
150 such persons The second series of tests yielded means slightlj' 
higher than those reported m 1934 The comparison of the results is 
shown m table 1 

A revised curve of the normal rate of excretion (chart 1) shows but 
minor shift from the rate pieviously considered noimal Foi the sake 
of convenience and clinical simplicity, it is adequate to consider the 
average normal output to be in the neighborhood of 15 per cent of the 
injected dose for the first thirty minutes, 25 pei cent at the end of an 
hour and 35 and 45 per cent respectively after two and three hours 

Calculations based on the percentage of the injected dose excieted 
do not take into consideration the fact that the ferrocyanide available in 
the blood is constantly diminishing There is no way of determining the 
rate of excretion in reference to the concentration of the blood except 
by “clearance” studies including determination of the ferrocyanide 
content of the blood ® In man this is not feasible, as the present methods 
for quantitation of ferrocyanide are too insensitive to permit measuie- 
ment of minute quantities and therefore inadvisably large doses of the 
salt would be required However, it is possible, with the present data, 
to correct the percentages of ferrocyanide excreted, allowing for that 
eliminated in the previous interval It is true that this does not take 
into consideration the salt which may diffuse into tissues other than 
the kidneys However, such diffusion as does occur probably takes 
place almost immediately after the injection of the salt and is therefore 

13 Baker, G S , and Habem, H C Proc Staff Meet , Mayo Clin 11 134 
(Feb 26) 1936 
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a relatively constant source of eiror When the calculations are levised 
the data unquestionably more closely approximate the true excretory 
rate than when the pieviously excreted ferrocyanide is ignored 

For example, in the noimal person, 15 4 per cent of the injected feiro- 
cyanide is eliminated m the fiist thirty minutes after injection and an 
additional 12 3 per cent in the second half hour However, in this 
second interval only 84 6 per cent of the dose originally injected is 
theoretically available for excietion, and therefore the rate of excretion 
IS actually higher than 12 3 per cent For convenience and clarity, one 
may speak of the revised calculations as “corrected percentages ” 


Table 1 — Fc'iiocyanide Output of Normal Patients'^ 



50 patients 

150 Patients 

Time (Min ) 

(1934) 

(193S) 

30 

13 5 


15 4 


GO 

8 5 

22 0 

12 3 

27 7 

120 

90 

81 0 

98 

37 5 

180 

10 0 

4 

410 

C5 

44 0 

* Recorded m percentage ot the injected dose excreted 


Table 2- 

-Compauson of 

"Uncon ected” and "Conected" Rates of Excietwn 
of Nonnal Pei sons 

Time (Min ) 

“Uncorrected” Normal 
Rate of Exeretion 
(Percentage of the 
Injected Dose) 

“Corrected” Normal 
Bate of Excretion 
(Percentage of the 
Salt Remaining 
m the Bodi ) 

30 


15 4 

15 4 

CO 


12 3 

14 54 

120 


98 

13 55 

180 


G 5 

10 41 


Recalculation along such lines reveals some most suggestive data 
A comparison of the uncoi rected and the corrected percentages of excre- 
tion m shown in table 2 

As IS to be expected, the decline in percentage of excretion of the 
theoretically available sodium fenocyanide is much smaller This 
relation is better visualized when these data are diagramed, as m chart 2 
As previously stated, the “correction” does not take into consideration 
the dimmution in the supply of fenocjanide due to diffusion into tissues 
other than the kidne>s, but this is probably not as serious a source of 
eiror as one first suspects Ferrocyanide salts are extremely diffusible, 
and such disappearance from the blood stieam into tissues probably 
takes place with great rapidit> almost immediately after the intravenous 
injection of the salt It is highly probable that after the first few 
minutes theie exists a faiily stable equilibrium between the content of 
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ferrocyanide in the blood and that m the tissues By far the greatest 
quantity of ferrocyanide is eliminated in the first hour 

Application of the test of glomerular function to the study of renal 
impairment in hypertensive arterial disease confirmed the findings 



Chart 1 — Mean excretion of sodium ferrocjanide of 150 patients with pre- 
sumably normal kidneys The spread of variation is shown b> dash lines The 
values are recorded in terms of the percentage of the injected dose eliminated 



Chart 2 — ^Mean normal rates of excretion of ferrocyanide calculated in terms 
of percentage of the total injected dose (broken line) and “corrected” on the basis 
of the amount of ferrocyanide remaining within the body (solid line) 

recorded m the preliminary report ^ For some 80 additional cases of 
hypertensive disease the mean rate of excretion and the observed 
extremes are shown in chart 3 in terms of the percentage of the injected 
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dose of salt eliminated at the four routine intervals, thirty, sixty, one 
hundred and twenty and one hundred and eighty minutes after the 
injection As previously observed, the most conspicuous impairment 
exists in the first hour of the test In the 80 cases of hypertensive 



Chart 3 — Excretion of ferrocyanide m 80 cases of hypertensive disease of the 
arteries The solid line represents the mean, the dash line, the extremes observed 
The values are based on percentages of the injected dose 



Chart 4 — Milligrams of ferroc 3 ’anide excreted by normal and bi hypertensive 
patients (means) 

arterial disease the aveiage delay in excretion in the first hour is 
cleaily seen in the curve when chart 3 is compared with the normal 
cun’^e in chart 1 In the third hour the rate of excretion is much the 
same m hypertensive as in normal patients , if recorded in milligrams of 
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sodium feirocyanide excieted (chart 4), the excretion of hypei tensive 
patients in the last hour is actually greater than that of noimal patients 
Analysis of the average excretion of sodium ferrocyanide of the 80 
hypertensive patients by “coi recting” the percentage of elimination for 
the amount of ferrocyanide already excreted leveals most mteiesting 
data (chart 5) Wheieas for patients with the noimal type of response 
the percentage of salt eliminated is at first high and then gradually 
declines, for hypertensive patients the curve of the mean peicentage 
eliminated is a using line This late is almost unifoim throughout the 
three houi test The spread of difi:erence between it and the normal 
rate gradually diminishes, until in the thud hour the rates are almost 
identical, the mean normal excretion being 10 41 per cent of the ferro- 
cyanide lemaming within the body and the mean excretion of patients 
with hypei tensive arterial disease being 10 2 per cent- 



Chart S — Percentages of ferrocyanide excreted by normal and by hjpertensive 
patients (means), “co'-rected” on the basis of the ferroc 3 'anide remaining within the 
body 

Before considering the probable significance and mtei pi etation of 
these observations on renal function in hypertensive disease of the 
arteries, one must point out that these data were obtained fiom patients 
with so-called “essential hypertension,” with little oi no evidence of 
renal injury Patients with obvious nephritis and “secondaiy Iwper- 
tension” and those with long-standing hypertensive aitenosclerosis 
with nephroscleiotic changes weie rigidly luled out as not lepresenting 
the entity under consideration Efforts to find some correlation 
between the levels of arterial tension and the excretion of ferrocyanide 
were unavailing No such correlation could be elicited m relation to the 

14 Stieglitz, E J (a) Arterial Hypertension, New York, Paul B Hoeber, 
Inc, 1930, (b) Abnormal Arterial Tension New York National Medical Book 
Company, 1935 , (c) J Michigan M Soc 34 70 (Feb ) 1935 
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systolic or the diastolic tensions or the pulse pressures in individual 
patients oi in groups of patients In the senes studied the systolic 
tensions ranged from 130 to 250 mm of mercury, the diastolic tensions 
from 90 to 170 mm and the pulse pressures from 35 to 105 mm 
There Avas no relation between the ferrocyanide output and age In 
all but a few instances the mine was clinically free of protein, although 
occasional hyaline and/or gianular casts were frequently observed 
In many instances the only evidence of renal injui} was revealed by 
the test for impaired glomerular function with sodium ferrocyanide 

What IS the significance of the conspicuous delay m elimination 
of ferrocyanide m hypertensive arterial disease and the almost uniform 
rate of excretion throughout the three hours of the test^ In view 
of the present knowledge of the mechanisms of renal excretion, 
a tentative conclusion becomes obvious Apparently, hypertensive dis- 
ease of the arteries distinctly impairs the capacity of the glomeruli to 
respond to increased effort Excretion of sodium feirocyanide is a 
test for glomerular efficiency The excretion of this salt is delayed 
and impaired in hypertension even though the urine may be apparently 
normal Throughout the period of elimination studies, the percentage 
of salt excreted m relation to that remaining m the body is almost 
the same This is most suggestive that in hypei tensive disease the 
glomeiuli are working at oi near the maximum of their capacity all 
the time That such impairment is revealed more readily and more 
clearly by tests with sodium fenocyanide than by those with phenol- 
sulfonphthalein and/or urea in the early stages of hypertensive disease 
is to be expected when one recalls the evidence demonstrating that 
fenocyanide salts are eliminated wholly or almost wholly’’ via the 
glomeruli whereas phenolsulfonphthalein and urea likewise, in part,^° 
are secieted by the proximal convoluted tubules Injury to the glomeruli 
interferes Avith filtration and excietion more than with the free flow 
of blood The presence oi absence of protemuiia is no ciiterion of 
the functional capacity of the kidneys This view accords Avitli the 
results of the epoch-making investigations of Goldblatt and his 
co-woikers on the production of experimental hy’pertension by' intei- 
ference with the renal circulation Thus the present obseriations 
give fuither, clinical evidence that the glomeruli are A’^itally’’ important 
factors 111 the pathogenesis of hypertensive arterial disease The 
concept that glomerulai elimination of ivatei is impaired has been 
suggested as an etiologic mechanism in hypertension, but it appears 

15 Potter, A C, and Bell, E T Am J M Sc 149 236, 1915 

16 Stieghtz, E J M Chn North America 21 281 (Jan ) 1937, footnote 14 b 

17 Weiss, S , Parker, F, Jr, and Robb, G P Ann Int Med 6 1599 
(June) 1933 

18 Goldblatt, H Lynch, J , Hanzal, R F, and SummerMlle, W W 
J Exper Med 59 347 (March) 1934 
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far more logical to presume impairment in the elimination of some solute 
or solutes whose normal route of excretion, like that of ferrocyanide, 
IS via the glomeruli 

As the test of glomerular function with sodium ferrocyanide 
approximately parallels the lesponse elicited with the test of urea clear- 
ance and the phenolsulfonphthalem test,^ the rates of excretion of 
ferrocyanide for the first half hour were compared with the maximum 
value obtained for the specific gravity of the urine in the concentration 
test The results are shown in chart 6 The loutine of Fishberg"® 
was employed for the concentration test, as it has yielded the most 
consistently satisfactory results with a maximum of simplicity m the 
procedure The renal concentration test is unquestionably considered 



Chart 6 — Relation of the test of glomerular function to the maximum value for 
specific gravity obtained by concentration tests , ferrocyanide output during the 
first half-hour in terms of percentages of the injected dose 

the most sensitive indicator of early depieciation of the renal reseive, 
for It creates conditions of stress It is physiologic, simple, safe and 
informative, and, although it measures piimanly tubular effectiveness 
in concentrating the urine, it must be emphasized that functional 
impairment of the kidney always tnvolves both the tubules and the 
glomeinh Glomerular injury inevitably impairs the tubular blood sup- 
ply, tubular injury can come only via the blood stream, which has 
traversed the glomerular tufts before reaching the tubules Thus it is 

19 Stieghtz 1® Goldblatt, Lynch, Hanzal and Summerville 

20 Fishberg, A M Urinary Nature of the Impairment of Renal Function, 
Arch Int Med 38 259 (Aug) 1926, Hypertension and Nephritis, ed 2, Phila- 
delphia, Lea & Febiger, 1934 

21 Stieghtz (footnotes 14 a and b and 16) 
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truly impossible that either “pure” glomerular nephritis or “pure” 
tubular nephrosis exists, the functional impairment is always mixed, 
although the' injury to one or the other structure may predominate 
Thus, despite the fact that excretion of sodium ferrocyanide may be 
taken as a measure of glomerular efficiency, there should be and is a 
fairly close parallelism between the response elicited with all the tests 
of renal function 

As has been noted, the greatest deviation from the normal excre- 
tion of ferrocyanide occurs in the first hour after injection not only 
m hypertensive arterial disease but in acute and m chronic nephritis 
as well It is therefore possible to shorten the procedure and 
analyze only specimens obtained thirty and sixty minutes after the 
injection, omitting the specimens at one hundred and twenty and one 
hundred and eighty minutes For routine clinical purposes, especially 
with ambulatory patients, this shortening of the time required has been 
found entirely satisfactory In prenatal evaluation of renal func- 
tion it is particularly appreciated by the patients, and there is no loss 
in the informativeness of the results In a considerable but uncompleted 
series of prenatal observations the one hour application of the sodium 
ferrocyanide test has been useful warning of renal injury in a number 
of cases 

CONCLUSIONS 

The essential criteria of a piactical functional test of clinical value 
are simplicity, safety, specificity for the structure or function studied, 
creation of stress and relative uniformity of normal findings The test 
of glomerular function with sodium ferrocyanide fulfils these criteria 
But so do other tests What then, if any, are the advantages offered 
by this method of measuring renal efficiency ^ Other than the far more 
cumbersome and technically difficult studies of creatinine or inulin 
clearance, the ferrocyanide test is thus far the only clinical method 
of specifically measuring the excretory activity of the glomeruli The 
general utility of the test is attested by the parallelism of the responses 
to those elicited with the renal concentration test, the urea clearance 
studies and the phenolsulfonphthalein test The rate of excretion is 
unaffected by the volume of urine secreted In certain conditions of 
glomerular injury, as m the notable example of hypertensive arterial 
disease, the test of glomerular function reveals otherwise hidden 
impairment In the present investigations it has been shown that in 
hypertensive disease without other evidence of renal injury the rates 
of excretion of ferrocyanide take on a characteristic form which implies 
definite change m the ability of the glomeruli to excrete solutes These 
observations not only are compatible with but lend support to the con- 

22 Stieglitz, E J Obstetric Medicine, edited by F L Adair and E J 
Stieglitz, Philadelphia, Lea & Febiger, 1930, chap 28 
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cept that a primary initiating factoi in the pathogenesis of hypertensive 
disease may be glomerular impairment Further studies along these 
lines are needed and are contemplated 

The test is not applicable in cases of urinary obstruction due to 
piostatic hypertrophy and/or with urethral lesions, because of the 
urethral irritation set up Utilization of the test in prenatal study offers 
specific advantages in the detection of lowered renal reserve, particularly 
in the discovery of preexistent hypertension and/or nephritis 

SUMMARY 

Sodium ferrocyanide, being excreted by the glomeruli, may be 
safely used as a test substance for determining glomeiular efficiency 
The proceduie found most applicable is the intravenous injection 
of 0 5 Gm of the hydrated salt (representing 025 Gm of the anhydrous 
salt) freshly dissolved in 10 cc of sterile distilled water, specimens 
of urine are collected thirty, sixty, one hundred and twenty and one 
hundred and eighty minutes after injection and their ferrocyanide con- 
tent determined For ambulatory patients analysis of the first two 
specimens suffices Caution must be employed in that the solution 
must be clear before the injection is made 

The excretion rate of ferrocyanide approximately parallels the 
results obtained with the uiea clearance test, the phenolsulfonphthalem 
test and the renal concentration test 

Extension of the control series of patients with apparently normal 
renal function has further clarified what constitutes a noimal response 
The range of variation is not excessive (chart 1) 

Calculating the rates of excretion on the basis of the feirocyanide 
remaining within the body rather than the total dose of salt reveals 
that the rate of excretion is remarkably uniform throughout the period of 
study (chart 2) 

In hypertensive aiterial disease 'SMthout other evidence of nephritis 
the glomerular function is eaily and clearly impaired This depres- 
sion IS most conspicuously manifest duiing the first hour of excretion 
The curve of the percentages of excretion in hj^pertensive disease is 
characteristic (chart 5) and suggests that occult glomerular injury 
depreciates the capacity of the glomeruli to exciete certain solutes 
promptly The etiologic relations of these phenomena to hypertensive 
disease are briefly considered 

The final evaluation of the usefulness and clinical applicability of 
the test of glomerular function with sodium f ei roGj^anide can come only 
after extended investigation, but the present report clearly confirms 
the impressions gamed m the prelimmarj’^ studies and emphasizes its 
potential value in clinical study of the relation of glomerular injury to 
hypertensive disease 
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The majonty of tests of lenal function are inteipieted and then 
lesults lecoided in teims of the values obtained for normal peisons 
Any one of them yields an estimate of the efficiency of the kidne}s at 
a particular time, but this may be of little piognostic significance, for it 
is well known that m acute nephiitis, acute infections, uieteial obsti no- 
tion or caidiac failure renal function may be seveiely depressed and 
yet with lecoveiy of the patient may letuin to normal In chionic 
lenal disease, howevei, deci easing functional values usually indicate the 
lelentless piogiess of the condition 

The ideal test of function would give not only an estimate of the 
degiee of loss of renal efficiency but information as to the manner in 
which the normal physiologic piocesses have been distuibed The 
pi ocesses involved in the foi mation of ui me are so complex that no lest 
has been devised by which it is possible satisfactorily to sepaiate intei- 
feience with glomeiulai function and interfeience with tubular function 
Effoits to translate the results of tests of lenal function into teims of 
lenal physiology are, however, by no means new Fioin a coinpaiison 
of urea cleaiance values and autopsy observations Van Slyke and his 
co-workers ^ suggested that m cases of hemori hagic and degenei ative 
nephritis this test is a ineasuie of the numbei of intact glomeiuh still 
functioning, while m cases of ai tei losclei otic nephiitis it is proportional 

The expense of this stud}'- was defrayed in part by a grant from the Common- 
wealth Fund 

From the Depaitment of Medicine, Western Reserve University, and the 
Medical Service of Lakeside Hospital 

A preliminary report of some of these observations was presented at the 
Fifty-Second Session of the Association of American Physicians, klay 5, 1937 
(Tr A Am Physicians 52 182, 1937) 

1 Van Slyke, D D , Rhoads, C P , Hiller, A , and Alving, A S Relation- 
ships Between Urea Excretion, Renal Blood Flow, Renal Ox}gen Consumption, 
and Diuresis The klechamsm of Urea Excretion, Am J Physiol 109.336 
(Aug) 1934 
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to the decrease m renal blood flow In both hemorrhagic and arterio- 
sclerotic Bright’s disease there is a marked i eduction in the number of 
glomeruli 2 The extent of such reduction may be difficult to judge 
from histologic sections, since the scars of destioyed glomeruli disappear 
without leaving recognizable traces Taylor and his co-workers^ pie- 
sented evidence, based on studies of animals of various sizes, that the 
“urea ratio,” a value derived m a mannei similar to that in which the 
maximum clearance is determined, can be interpieted as a measure of 
the mass of functioning renal tissue It is decreased after unilateral 
nephrectomy and increases again with compensatory hypertrophy of the 
remaining kidney This interpretation offers difficulties in cases of 
temporary depression of function if it is asked what part of the renal 
mass has ceased to function In rabbits poisoned with a uranium com- 
pound Watanabe, Oliver and Addis ^ grouped the lesions as mild, mod- 
erate and severe and found the urea ratio correspondingly depressed 
This has been interpreted by others ® to mean that the ratio is a measure 
of the mass of “functioning” renal tissue even when the total mass is 
not reduced This conception of the “mass of functioning tissue” has 
been criticized by Cope® Smith, Goldring and Chasis,’^ on the other 
hand, expressed the belief that the iiiuhn, phenol red and diodrast clear- 
ances represent measures of glomerular filtrate, “tubular excretory mass” 
and effective renal blood flow Elliot and Nuzum ® concluded that it 
IS difficult to interpret the results of tests of renal function m arterio- 
sclerotic Bright’s disease in terms of the actual amount of healthy renal 
parenchyma, a conclusion which led Schlayer ® years ago to turn to 
functional studies in an effort to leain the kind rather than the amount 
of renal damage 

2 Montz, A R, and Hayman, J M, Jr The Disappearance of Glomeruli 
in Chronic Kidney Disease, Am J Path 10 505 (July) 1934 

3 Taylor, F B , Drury, D R , and Addis, T The Regulation of Renal 
Activity VIII The Relation Between the Rate of Urea Excretion and the Size 
of the Kidneys, Am J Physiol 65 55 (June) 1923 

4 Watanabe, C K , Oliver, J , and Addis, T Determination of the Quantity 
of Secreting Tissue in the Living Kidney, J Exper Med 28 359 (Sept ) 1918 

5 MacKay, E M, and Rytand, D A Significance of the Phenol sulphon- 
phthalein Test of Renal Function, Arch Int Med 55 131 (Jan ) 1935 

6 Cope, C L Rational Assessment of Renal Damage, Lancet 2 799 (Oct 
13) 1934 

7 Smith, H W , Goldring, W , and Chasis, H The Measurement of the 
Tubular Excretory Mass, Effective Blood Flow and Filtration Rate in the Normal 
Human Kidney, J Chn Investigation 17 263 (May) 1938 

8 Elliot, A H , and Nuzum, F R Evaluation of Measures of Renal 
Function in Persons with Arteriosclerotic Bright’s Disease, Arch Int Med 57* 
1151 (June) 1936 

9 Schlayer, C Neuere klinische Anschauungen uber Nephritis, Med Klin 
(supp ) 8 211, 1912, cited by Watanabe, Oliver and Addis ^ 
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Tests of function may be interpieted from another point of view, 
namely, as measures of different renal functions without regard to the 
physiologic processes involved Alving and Van Slyke suggested that 
the specific gravity test determines chiefly the ability to excrete inorganic 
salts, while the urea clearance test measures the ability to excrete urea 
Cope ° concluded that all clearance tests simply measure the ability to 
eliminate waste and that the excretion of water and chloride is too 
dependent on extrarenal factors to be of value 

In 01 del to attempt to analyze m terms of renal physiology the wa3^s 
in which reduction in function may be brought about, it is necessary to 
know not only the lesults of the tests and the histologic changes in the 
kidneys but also the number and state of the glomeruli This report 
deals with a comparison of the results of two commonly used tests, the 
urea clearance test and the maximum specific gravity or concentration 
test, and of one less widely employed, the creatinine clearance test, with 
the histologic appearance and particularly with the number of glomeruli 
The tests were performed from a few days to several months before 
death All the patients had normal or elevated blood pressure and were 
free from detectable edema or other evidence of heart failure at the time 
the tests were performed It is believed that by this restriction patients 
in whom reduced function could be attributed to diminished renal blood 
flow have been excluded No patient with acute glomerulonephritis 
(in whom histologic evidence and the results of perfusion experiments 
also indicated the presence of diminished renal blood flow) was included 
It was not possible, however, to carry out all three tests on every patient 
Ui ea clearance was calculated as “maximum” cleai ance and recorded 
as the percentage of normal for the observed volume of urine, the for- 
mula derived by Dominguez as fitted to Van Slyke’s data being used 
The values were not corrected for surface area, since all the patients 
were adults and the correction was less than the variation in clearance 
values from one period to another One to six urea clearance tests, each 
for two one hour periods, were made for each patient Patients unable 
to cooperate in complete voiding were catheterized The urea content 
of the urine was determined by the urease manometnc method of Van 
Slyke and that of the blood by the same method or by the hypobromite 
method 

10 Alving, A S , and Van Slyke, D D The Significance of Concentration 
and Dilution Tests in Bright's Disease, J Clin Investigation 13 969 (No\ ) 1934 

11 Dominguez, R On the Renal Excretion of Urea, Am J Ph\siol 112 529 
(July) 1935 

12 Peters J P , and Van Slyke, D D Quantitative Clinical Chemistr\ , 
Baltimore, Williams & Wilkins Compan 3 % 1932, vol 2 
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Qeatmine clearance was estimated by Rehbeig’s^^ method aftei 
administration of 3 to 5 Gm of creatinine by mouth unless the cieatinine 
content of the blood was above 5 mg per hundred cubic centimeters 
The values aie expressed diiectly in cubic centimeters per minute 
Hayimn, Halsted and Seyler^'* found the aveiage noimal creatinine 
clearance to be 148 cc per minute by this technic 

The concentration test used was a modification of the test of Addis 
and Shevlcy and of Lashmet and Newbuigh No fluid was allowed 
from 10 p m one evening until 7 a m thiity-thiee hours later, and 
the specific giavity of the urine passed duiing the last twelve hours of the 
test was determined Duiing the day of the test the diet recommended 
by Lashmet and Newbuigh was used This is palatable and adequate 
and diminishes thirst It was not possible, howeiei, to cairy out this 
rigid regimen with all patients In some cases twenty-four or twelve 
houis without fluids was all that could be reasonably asked The thirt}- 
three houi tests and the otheis are indicated by different symbols in the 
charts Values for specific giavity weie detei mined by means of a 
Westphal balance at 20°/4° with a calibrated plummet All values foi 
specific gravity weie coirected foi protein This was detei mined by 
Shevky and Stafford’s method after calibration of the volume of pie- 
cipitate by macro-Kjeldahl analyses 

Kidneys were obtained as soon after death as possible and pei fused 
fiist with salt solution to wash out the blood and then with a mixtuie 
of ferric ammonium citrate and potassium feirocyanide The number 
of glomeruli per kidne)'' was estimated by Kunkel's method, with the 
modification that several blocks were cut before digestion, and the com- 
pleteness of injection was estimated from counts of injected and appar- 
ent!} patent but nonmjected glomeiuli m sections This permitted the 
estimate from the count to be coirected for the unmjected and therefore 
uncounted glomeruli Except when there weie gross infarcts, the dis- 
tribution of unmjected glomeruli was usuall)'- faiily unifoim One 

13 Rehberg, P B Ueber die Bestimmung der Menge des Glomerulusfiltrats 
mittels Kreatinm als Nierenfunktionsprufung, Zcntralbl f inn Med 1 367 (April) 
1929 

14 Hayman, J M , Jr , Halsted, J A , and Seyler, L E A Comparison of 
the Creatinine and Urea Qearance Tests of Kidney Function, J Clin In\estigation 
12 861 (Sept ) 1933 

15 Addis, T, and Shevky, M C A Test of the Capacity of the Kidney to 
Produce a Urine of High Specific Gravity, Arch Int Med 30 559 (Nov ) 1922 

16 Lashmet, F H, and Newburgh, L H Improved Concentration Test of 
Renal Function, J A M A 99 1396 (Oct 22) 1932 

17 Shevky, M C , and Stafford, D D A Clinical Method for the Estimation 
of Protein in Urine and Other Body Fluids, Arch Int Med 32 222 (Aug ) 1923 

18 Kunkel, P A The Number and Size of the Glomeruli in the Kidneys of 
SeAeral Mammals, Bull Johns Hopkins Hosp 47 285 (Nov) 1930 
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kidney fiom each patient was perfused, the other being subjected to 
the usual histologic examinations Specimens m which theie was a 
marked diffeience m weight or gross appearance of the two kidneys 
were discarded Many other specimens were discarded because of 
failure to get good injection of the kidney The two kidneys of a normal 
animal (rat,^° rabbit and man contain approximately the same 
number of glomeruli The avei age m the normal human kidney is about 
1,250,000 

Seventy-nine patients were studied Nineteen showed no evidence 
of lenal disease duiing life, and no change or only slight change was 
found m the kidneys on histologic examination These patients consti- 
tuted a control group The causes of death for this gi oup were miliary 
tuberculosis, 7, pneumonia, 4, a malignant process. 2, and lymphatic 
leukemia, duodenal ulcer, endocarditis lenta, Hodgkin’s disease, coronary 
thrombosis and cerebral hemorrhage, 1 each Urea clearance was deter- 
mined foi 16 patients in this group, creatinine clearance for 15 and 
specific gravity for 1 1 There wei e 2 patients with subacute and 7 with 
chronic glomerulonephiitis Urea clearance was determined for 8, 
creatinine clearance for 6 and specific giavity for 7 Thirty-nme patients 
had aiteiiolar nephiosclerosis of varying degree Urea clearance was 
determined foi 34, creatinine cleaiance for 31 and specific gravity for 29 
Twelve patients had low renal function during life, but on postmortem 
examination only cloudy swelling or “bile nephiosis” and a normal 
number of glomeruli were found Uiea and creatinine cleaiances were 
determined for all of this group, specific gravity for only 3 

The patients showing reduced values for renal function may be 
divided into two groups (1) those with chronic renal disease, either 
inflammatory or vascular, but without clinical evidence of acute infec- 
tion, and (2) those with acute infections (typhoid, pneumonia), 
septicemia or obstructive jaundice but without chronic Bright’s disease 
The mechanism for the reduction in function m these two groups may 
be considered separatelj'^ The same 19 “normal” patients have been 
used as controls for both groups 

CHRONIC bright’s DISEASE (INFLAMMATORY AND VASCULAR) 

When the mean creatinine or urea clearance is plotted against renal 
weight the correlation is extremely poor (chart 1) While in this study 
patients with kidneys weighing less than 100 Gm each always showed 

19 Arataki, M On the Postnatal Growth of the Kidney with Special Ref- 
erence to the Number and Size of the Glomeruli, Am J Anat 36*399 (Sept ) 1926 

20 Hayman, J M, Jr, and Starr, I Experiments on the Glomerular Dis- 
tribution of Blood in the Mammalian Kidney, J Exper Med 42 641 (Nov ) 1925 

21 Moore, R A The Total Number of Glomeruli in the Normal Human 
Kidnej% Anat Rec 48 153 (Jan ) 1931 
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reduced clearance, extremely low clearance was always encountered in 
patients whose kidneys weighed 150 to 200 Gm each With kidneys 
weighing 100 to 175 Gm each, the clearance values showed no correla- 
tion with renal weight Nor in this adult population is the correlation 
any better if clearance is plotted against renal weight per square meter 
of body surface 

This lack of correlation between clearance values and renal mass is 
m sharp contrast to Addis’ and MacKay's data on normal animals and 
man The size of the kidney, however, is no good measure of the 
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Chart 1 — Relation of average creatinine clearance and renal weight 

numhei of glomeruli it contains Not onl^ does the infant kidney have 
as many glomeruli as the adult kidney, but a relatively small pathologic 
adult kidney may have a fairly large number of glomeruli, while a kidney 
of approximately normal size, if it contains much scai tissue, may give a 
low count 

If, howevei, the mean urea or creatinine clearance value is plotted 
against the numbei of glomeruli per kidney, a reduction in clearance 

22 MacKay, E M Kidney Weight, Body Size and Renal Function, Arch 
Int Med 50 590 (Oct) 1932 
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Chart 2 — Relation between creatinine and urea clearance and the estimated 
number of glomeruli per kidney in patients without evidence of renal disease and 
patients with chronic Bright’s disease 


75 





76 


ARCHIVES OF INTERNAL MEDICINE 


Mith a deci easing number of nephions is appaient (chait 2) The rela- 
tion, however, is not diiect, cleaiance being reduced more rapidly than 
the number of nephrons There is consideiable scatteiing, but the 
points fall fairly well along an exponential curve The curve of best fit 
has been calculated by the method of least squai es The curves for urea 
and for creatinine clearance aie almost the same The equation for 
creatinine is Y = 3 186e and for urea Y = 3 549e m which 
Y represents the clearance m cubic centimeteis pei minute foi creatinine 
and in pei cent of mean normal foi urea, and X the estimated number 
of glomeruli per kidney These equations are merely einpiiic correlations 
of observed data and obviousl}'’ have no ph 3 ^siologic significance This 
agrees with Hayman, Halsted and Seyler’s conclusion that in chronic 
Bright’s disease the percentage reduction below normal of urea and 
creatinine clearance is appi oximately the same 

In dogs m which the renal mass has been reduced by subtotal neph- 
rectomy the percentage reduction in clearance is less than the reduction 
in glomeruli, so that the cui ve is con\ ex upward In addition, the 
reduction in urea clearance is somewhat less than in creatinine clearance 
until the number of remaining glomeruli is extremely small In these 
dogs two factors apparentl} contributed to the dispropoi tionately large 
clearance in relation to renal mass Gloineiular counts include all 
glomeruli and are not necessaril} a ineasuie of the numbei through 
which blood was flowing or which were “active” when the clearance was 
determined With moderate reduction in the number of glomeruli, it 
seems reasonable to suppose that all or the greater number of those 
which remain will be continuously active When renal mass has been 
reduced to a point where retention of nitrogen begins, it seems reasonable 
to suppose that all of the remaining glomeruli will be continuously open 
and that the relatively high clearance for the number of remaining 
glomeruli is attributable to a greatei blood flow per glomerulus than 
occurs in the normal kidney 

Similar reasons may be advanced for the pi oportionately smaller 
reduction in clearance in relation to the number of glomeruli in the 
human kidney after unilateral nephrectomy Contrar}'^ to the common 
belief that, owing to compensatory h 3 'pertrophy renal function is normal 
after removal of half the renal mass, anal 3 sis of data presented b 3 ’- Ellis 
and Weiss and similar data from this laboratory indicate that there is 

23 Ha 3 ’^man, J M , Jr , Shumway, N P , Dumke, P , and Miller, M Experi- 
mental Hyposthenuria, J Clin Investigation 18 195 (March) 1939 

24 Moore, R A , and Lukianoff, G F The Effect of Unilateral Nephrectomy 
on the Total Number of Open Glomeruli in the Rabbit, J Exper Med 50 227 
(Aug) 1929 

25 Ellis, L B , and Weiss, S The Renal Function in Persons with One 
Kidney, Am J M Sc 186 242 (Aug ) 1933 
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a significant reduction in the mean creatinine and urea clearance ““ The 
reduction, however, is not proportional to the reduction in renal mass 
but is similar in degree to that found m experimental animals 

While in experimental animals subjected to subtotal nephrectomy 
the lemammg glomeruli are supposedly noimal, those m human kidne}s 
which are the seat of chronic Bright’s disease are not Consequently, 
the area of filtering surface will be reduced more than the number of 
glomeruli By the method of counting, however, this was neglected, 
since a glomerulus which contained any dye was included In an effort 
to correct for this defect Dr A R Moritz and Dr William Wartman 
of the staff of the Institute of Pathology studied sections of these kidnej s 
and made an estimate of the degree of damage m from 100 to 200 con- 
secutive glomeruli Without knowledge of the results of the functional 
tests or of the glomerular counts, they grouped the glomeruli according 
to their appearance m the histologic sections into four categories, 
depending on whether they appeared to be normal or to be slightly, 
moderately or severely damaged If it is assumed that the glomeruli 
in these four groups had, for instance, 100, 75, 50 and 25 pei cent of the 
filtering surface of normal glomeruli, it is possible to derive a figure 
from the observed glomerular count which perhaps gives a closer appi ox- 
imation to the actual filtering area With these figures, which are 
expressed m terms of an equivalent number of normal glomeruli, the 
plot of clearance against the calculated equivalent number of normal 
glomeruli still follows a curve which is convex downward, although less 
markedly so than when the observed number of glomeruli is used If, 
however, it is assumed that the area of filtering surface m the four 
groups approximated 100, 50, 25 and 10 per cent of normal, the curves 
more nearly approach a straight line (chart 3) Such assumptions and 
calculations are, of couise, purely arbitrary and m themselves are of no 
significance They do, however, suggest that physiologic impairment 
m a glomerulus may be much greater than the degree of damage esti- 
mated from histologic sections The fact that the rate of reduction m 

26 Ellis and Weiss determined the renal function of 9 patients who had had 
a nephrectomy for tumor, stone or pyelonephrosis and who showed a normal blood 
pressure and no complications Their figure for the mean creatinine clearance of 
normal persons was 151 cc , with a standard deviation of 13 6 cc, while the mean 
creatinine clearance for these apparently normal persons with one kidney was 
114 0 ± 13 1 cc The difference m the means of 37 0 ± 42 cc is significant We 
have examined 11 similar patients with one kidney The mean creatinine clearance 
was 100 5 ± 3 4, which also differs significantly from the mean of 148 ± 34 
obtained for normal persons by Hayman, Halsted and Sejder (difference of means 
equals 48 ± 4 6 cc ) 
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clearance in relation to the number of glomeruli falls more rapidly in 
chronic Bright’s disease than after unilateral nephrectomy in man or 
subtotal nephrectomy in experirhental animals is indirect evidence of a 
fundamental difference between the two piocesses In the one the 
remaining nephions are normal, in the other pathologic The pathologic 
changes may include not only a reduction in area of filtering surface 
but a decrease in the permeability of the glomerular membrane, so that 
there is less filtrate for a given filteiing area and capillary pressure 
This IS perhaps brought out moie clearly if the average creatinine 
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Chart 3 — Relation between urea clearance and the estimated number of “normal” 
glomeruli on the assumption that histologic grading represented 100, SO, 25 and 10 
per cent of the normal filtering surface 

clearance per bundled thousand glomeiuh is calculated With two 
normal kidneys, if all the glomeruli are active this is about 5 9 cc per 
hundred thousand, and with 700,000 glomeruli per kidney, about 2 9 cc 
When the glomeruli are reduced to 200,000 per kidney the average 
clearance is only 1 cc per hundred thousand Comparable figures are 
obtained for urea clearance The dispropoi tionate reduction in clear- 
ance could, of course, also be accounted for if the tubule cells of the 
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remaining nephrons in these kidneys were damaged so that secretion of 
creatinine was reduced and back diffusion of uiea increased to the same 
degree There is nothing m these data to suggest that the aglomeiular 
tubules in such kidneys described by Oliver and Luey and by 
MacNider/® are functionally significant, at least in the elimination of 
urea and creatinine 

The concentration test is a sensitive, reliable and easily performed 
test of renal function, but it is well known that the specific gravity may 
reach a minimum value of about 1 010 while the patient is still free from 
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Chart 4 — Relation between the maximum specific gravity and the number of 
glomeruli per kidney m patients without evidence of renal disease and patients with 
chronic Bright’s disease The circles represent thirty-three hour concentration 
tests , the dots, those after shorter periods of abstinence from fluids 


symptoms and that with further progress of the disease no fuither 
reduction in specific gravity occuis Alving and Van Slyke compared 

27 Oliver, J , and Luey, A S Plastic Studies in Abnormal Renal Architec- 
ture Aglomerular Nephrons of Terminal Hemorrhagic Bright’s Disease, Arch 
Path 19 1 (Jan) 1935 

28 MacNider, W deB Pathological Changes m the Dog Kidney Resembling 
Normal Histological Structure in the Aglomerular Fish Kidney, Opsanus Tau, 
Proc Soc Exper Biol & Med 31 293 (Nov ) 1933 
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the urea clearance and concentration tests and found that both were 
equally good until the specific gravity had fallen to 1 010, which occuried 
when the value for urea clearance had reached about 35 per cent of the 
average normal After this the clearance test alone showed the progress 
of the disease 

These facts are confirmed by a con elation of the maximum specific 
giavity and the number of glomeruli (chart 4) The shape of the curve 
is different from that afforded b)^ a con elation of the clearance value 
and the number of glomeruli It is approximately a horizontal line 
up to between 700,000 and 800,000 glomeruli per kidney and then rises 
at an angle of 45 degrees to the normal range The point of apparent 
discontinuity, about 700,000 oi 800,000 glomeruli per kidney, corre- 
sponds to about 35 per cent of normal urea oi creatinine cleaiance on 
the other curve The reason for the distribution in this scatter diagram 
invites speculation V an Slyke and his associates found that the urea 
clearance was i educed to 40 per cent of the mean normal before there 
was any retention of urea These data include only 4 patients with 
glomerular counts above 800,000 m whom the urea nitrogen content of 
the blood was above 20 mg per hundred cubic centimeters, and the 
counts for all 4 of these were between 800,000 and 900,000 Only 2 
patients with counts below 800,000 had a urea nitrogen content below 
20 mg per hundred cubic centimeters and only 4 below 30 mg , and the 
glomerular counts of these patients all ranged about 700 000 The 
inference seems strong that the appaient discontinuity coi responds to 
the point at which all of the remaining glomeruli become continuously 
active The general shape of the scattei diagram is not changed if the 
maximum value for specific giavity is plotted against an equivalent 
number of “normal” glomeiuh as described The point of discontinuity 
then corresponds to about 400,000 to 500,000 glomeruli per kidney, 
which again corresponds roughly with a urea cleaiance of 35 per cent 
if one assumes that the aiea of filtering surface in the normal, slightly 
damaged, moderately damaged and severely damaged glomerulus is 100, 
50, 25 and 10 per cent of that in a normal glomerulus 

There is little correlation between the systolic blood piessure and 
the estimated number of glomeruli, except that no patient was encoun- 
tered with less than 700,000 glomeruli per kidney who had a systolic 
pressure below 150 mm of mercur)-^ (chart 5) On the othei hand, a 

29 Van Sh'ke, D D , McIntosh, J F , Moller, E , Hannon, R R, and 
Johnston, C Studies of Urea Excretion VI Comparison of the Blood Urea 
Clearance with Certain Other Pleasures of Renal Function, J Clin Investigation 
8 357 (April) 1930 
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person with a noimal number of injectable glomeruli per kidney ma} 
have an elevated blood piessure Below 700,000 glomeruli per kidney 
theie was no correlation between the number of injectable glomeruli 
and the degiee of elevation of blood piessuie Of the 7 patients with a 
glomerular count above 800,000 and a systolic blood pressuie above 
140 mm , all but 1 excieted uime with a specific gravity above 1 020 as 
ascertained by the concentiation test, and this one showed a gravity of 
1 019 While this may be a coincidence and dependent on the small 
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Chart 5 — ^Relation between the systolic blood pressure and the number of 
glomeruli per kidney 

number of observations, the data at hand at least suggest that when the 
glomeruli have been reduced to 700,000 or 800,000 pei kidney there is 
some change associated with the presence of elevated blood pressure and 
loss of concentrating power It does not follow, however, that these 
aie causally related, for dogs in which Goldblatt and his co-workeis 
had produced marked peisistent hypei tension by constiiction of the 

30 Goldblatt, H , Lynch, J , Hanzal, R F, and Summer\ille, W W Studies 
on Experimental Hypertension, J Exper Med 59 347 (March) 1934 
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renal arteries retained a normal concentrating power, and some dogs 
in which hyposthenuria had been produced by subtotal nephrectomy 
showed no significant rise in blood pressure 

TOXIC NEPHROSES 

Dogs poisoned with uranium acetate showed marked i eduction in 
clearance and inability to concentrate then urine in spite of a normal 
number of glomeruli and a normal blood pressure and renal blood flow 
This IS most readily attributed to damage to the tubule cells, which 
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Chart 6 — Relation between creatinine and urea clearance and the estimated 
number of glomeruli per kidnev in patients without evidence of renal disease and 
patients with toxic nephroses 

interferes with the reabsorption of watei and at the same time permits 
more back diflfusion not only of urea but of creatinine Similaily, some 
patients with such acute infections as pneumonia and typhoid or with 
miliary tuberculosis, septicemia or jaundice show markedly reduced 
clearance in spite of a normal number of glomeruli which histologically 
show little or no damage and a normal blood pressure (chart 6) If 
the patient recovers from the original disease the clearance returns 
toward normal 
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Data on concentrating power are lacking because withholding fluids 
for a long period was not justified In chronic lenal disease the specific 
gravity of the urine just before death is usually at least as high as that 
obtained with a concentration test, provided an infusion has not been 
given recently If such specimens represent appi oximately maximal 
concentrating ability, then such data as are available indicate that these 
patients are unable to excrete a urine of norrnally high specific gravity 
It is, of course, obvious that a combination of these two mechanisms, 
reduction in the number of nephrons and tubular damage, leading to 
low clearance ma}^ occur When a patient with chionic renal disease 
suffers an acute infection or a ureteral obstruction, clearance may sud- 
denly be markedly reduced and may then return toward the previous 
level when the infection or other cause of depression disappears Othei 
mechanisms causing low clearance may be diminished renal blood flow 
or an inadequate pressure in the glomerular capillaries The former 
may occur m acute nephritis and in cardiac failure , the latter, in shock, 
hemorrhage or Addison’s disease Patients in whom any of these 
conditions (or combinations of them) were present have, as far as 
possible, been excluded from this study 

SUMMARY 

Creatinine and urea clearance, maximum urinary specific gravity 
and blood pressure were correlated with the number of glomeruli per 
kidney, estimated after postmortem perfusion, in patients with and m 
patients without disease of the kidneys 

In chronic glomerulonephritis and nephrosclerosis the values for 
creatinine and urea clearance are closely correlated with the number of 
glomeruli Maximum specific gravity falls with the decrease in the 
number of glomeruli until the latter reaches 700,000 to 800,000 per 
kidney, after which it remains fixed m spite of further reduction m 
the number of glomeruli If the number of glomeruli per kidney is less 
than 700,000, the systolic blood pressure is invariably above 150 mm 
In certain cases of acute infections and jaundice, clearance and con- 
centrating ability may both be markedly reduced in spite of a normal 
number of glomeruli showing no significant changes in histologic 
sections 



BACTERIAL ENDOCARDITIS 

REPORT OF A CASE IN WHICH THE CAUSE WAS ACTINOMYCES BOVIS 
NATHANIEL UHR, MD 

NEW YORK 

The clinical syndiome of subacute bacteiial eiidocai ditis occiiis fre- 
quently and IS today a well recognized entity Little has been added to 
knowledge of the subject since Libman’s publications ^ It is now well 
known that while Streptococcus Auridans is the most common cause 
of this disease, a large vaiiety of othei bacteria may pioduce a similai 
pictuie Among these aie Bacillus influenzae, Enteiococcus, Menin- 
gococcus, Bacillus diphthenae, Pneumococcus, Gonococcus and organ- 
isms of the Brucella group Howevei, the occuiience of a similar 
clinical picture caused b}'’ higher bacteria is lare Onl) 1 case — that 
of Jervell,^ m which the condition was caused by Leptothiix — is to be 
found in the literature For this reason, the case to be described is 
of unusual interest, since the causative agent of the disease was found 
to be Actinomyces bovis 

REPORT or CASE 

Hxstojy — W J, a 24 year old American-born Jew, a chiropodist, was admitted 
to the medical service of the Hospital for Joint Diseases on Oct 16, 1936 The 
family history was noncontributorj The only disease he had had as a child was 
measles There was no history of iheumatism, chorea or sore throats In 1931 
he had been observed at another hospital for an attack of acute epigastric pain, 
associated with fever and acholic stools but without jaundice (?), and had 
improved in a few days, without any diagnosis being made The condition never 
recurred 

On Oct 5, 1936, he became ill with pain in both cahes, malaise, nausea 
and vomiting Thereafter for six days he had a spiking temperature of 104 F 
in the morning, attended by chills and sweats For the next four days the tempera- 
ture remained at an approximate level of 102 F 

From the Medical Service of the Hospital for Joint Diseases, Dr A A 
Epstein, Director 

1 Libman, E , and Celler, H The Etiology of Subacute Infective Endo- 
carditis, Am J M Sc 140 516, 1910 Libman, E Cardiac Lesions of Subacute 
Bacterial Endocarditis, ibid 164 313, 1912, The Clinical Features of Subacute 
Streptococcus (and Influenzal) Endocarditis m the Bacterial Stage, M Clin North 
America 11 117, 1918 Libman, E, and Friedberg, C K Bacterial Endocarditis, 
m Piersol, G M , Borty, E L , and others Cyclopedia of Medicine, Philadelphia, 
F A Davis Company, 1932, vol 3, p 181 

2 Jervell, O Leptothnx m the Blood in a Case of Malignant Endocarditis, 
Norsk mag f Itegevidensk 83 36, 1922 
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Physical Examination — Examination on admission re\calcd an acuteh ill 
subject with a temperature of 104 F Respiration ^\as normal, the skin was 
clear , the eyegrounds w'ere normal and the scleras ware not discolored The heart 
was not demonstrably enlarged, the sounds w'ere forceful, regular and of good 
quality , the rate was 120 A soft, short S 3 ’^stohc murmur w'as localized at the 
apex The lungs were clear There w'ere increased spasticity and some tenderness 
in the right upper quadrant of the abdomen, wutli tenderness on deep percussion 
over the lower right costal cage The spleen w'as not palpable There was no 
Ij'mphadenopathy There w’as no nuchal rigidity or other abnormal neurologic 
finding No clubbing of the fingers or toes was noted A tentatne diagnosis of 
typhoid fever was made, although bacterial endocarditis W'as serioush considered 

Cotiise — During the remaining three and a half weeks of the patient’s life, 
his fever fluctuated between 103 and 104 F The faint systolic murmur heard on 
admission gradually became harsher, louder and more widely transmitted Six 
days after admission he began to cough and expectorate blood-streaked sputum 
Dulness and diminished respiratory sounds were found at the base of the right 
lung The spleen seemed enlarged on percussion but still could not be felt The 
patient’s general condition became steadily worse, and on the eighth day’’ after 
admission petechiae were first noted in the left conjunctiva and on the left arm 
At this stage the diagnosis of subacute bacterial endocarditis was made Dr 
E Libman, who saw the patient in consultation, concurred in this diagnosis Slight 
cyanosis of the lips and finger nails appeared, and fine crepitant rales now’ w’ere 
heard at the bases of both lungs New crops of petechiae, many of which had 
pale centers, appeared daily on various parts of the body In addition, somcw’hat 
larger purpuric lesions developed first over the palms and soles and later over 
other parts of the body The sensonum gradually became clouded, and on the 
eighteenth day the patient lapsed into a stupor, w’hich deepened progressively 
Dyspnea became marked, and the signs m the chest increased Gangrenous areas 
developed on the lobe of the right ear, both heels and the left leg Coma became 
deeper, signs of left hemiplegia developed, and death occurred on November 10, 
twenty-five days after admission 

Treatment had consisted of the usual supportive measures, m addition to two 
transfusions and oxygen administered by nasal catheter In view’ of the nature of 
the organism, the patient w’as given three doses of sodium iodide, 15 grains 
(0 97 Gm ), intravenously, but this treatment was discontinued m the absence of 
any favorable response 

Laboi atoi y Data — The urine w’as of good concentration throughout the illness , 
albumin was present in traces , sugar was absent , microscopic examination on 
various occasions revealed red blood cells, a few w’hite blood cells and occasional 
hyaline and granular casts Culture of the urine revealed no organisms The 
initial erythrocyte count of 4,640,000, with 80 per cent hemoglobin (Sahli), fell 
to 3,200,000, with 50 per cent hemoglobin, before death The leukocyte count 
gradually’ rose from 12,000, w’lth 80 per cent polymorphonuclear neutrophils, to 
a peak of 38,000, w’lth 93 per cent poly morphonuclears The platelet count was 
256,000 The sedimentation rate on No^ ember 6 w’as 41 mm The Wassermann, 
Kahn and gonococcus fixation tests gaAe negative reactions Agglutination tests for 
Bacillus ty’phosus. Bacillus paratyphosus A and B and Brucella abortus ga\e 
negative results Agglutination w’lth Bacillus protcus in a dilution of 1 40 was 
present Examination of sputum on October 22 repealed no tubercle bacilli Ihe 
blood chemistry’ w’as normal on admission On October 29 the icteric index was 
17 4, on November 6, the urea nitrogen w’as 49 2 mg per hundred cubic centimeters 
and tl e icteric index 16 7 
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Roentgen examination of the lungs on October 17 gave normal results On 
November 6 marked congestion at the bases of both lungs was reported An 
electrocardiogram made on October 21 showed only sinus tachycardia On 
November 6 the tracings showed sinus tachycardia, inversion of Ti, low voltage 
of T: and Ta and left axis deviation 

Each of four cultures of the blood, taken consecutively at intervals over about 
three weeks, yielded a pure culture of A bovis Cultures required four to eight 
days for growth The organism grew only in the presence of blood and was 
microaerophihc, requiring reduced oxygen tension for isolation Morphologically 
gram-positive, nonacid-fast tangled threads of mycelium were observed, accom- 
panied m older cultures by numerous abnormal forms This strain was not 
pathogenic for rabbits (fig 1) 



Fig 1 — Photomicrograph of a stained specimen of the blood culture 

Autopsy — The body was that of a young man of average stature, somewhat 
emaciated, in complete rigor mortis The eyes were sunken and the cheeks hollow 
There was evident loss of subcutaneous fat The skin over the face, chest, 
abdomen and extremities was studded with innumerable petechiae, many of which 
were white centered Petechiae were evident also in the conjunctivas Neither 
jaundice nor superficial lymphadenopathy was noted 

The panniculus adiposus was thin The peritoneal surfaces were everywhere 
smooth and glistening The small intestine showed occasional bluish-discolored, 
irregular flecks and contained a small amount of fluid The liver was enlarged 
and extended below the costal margin, as did the spleen The diaphragm was 
elevated and extended to the level of the fifth interspace on each side 

There were no pleural adhesions There appeared to be a small amount of 
blood-tinged fluid in the right side of the chest, although the precise amount 
could not be ascertained because of the abdominal approach The lungs were 
voluminous and heavy They were crepitant throughout, except for several 
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circumscribed, bluish segments of atelectasis in the lower lote posteriorly The 
upper lobe of the right lung showed a protruding, circumscribed, firm, nodular 
lesion, about 1 cm in diameter, with a reddish congested zone around it On 
section of this lesion, a cluster of fairly firm, grayish, granular, slightly elevated 
areas was seen, suggesting small granulomatous nodules or abscesses rather than 
the ordinary type of bronchopneumonia Several areas of similar appearance were 
encountered in the lungs, and sections were taken through these areas On section, 
the lungs otherwise had a mottled dark red appearance and exuded frothy fluid 
on slight pressure The bronchi also contained pinkish frothy material There 
were no enlarged hilar lymph nodes Microscopic section showed small confluent 
patches of bronchopneumonia, with exudate of polymorphonuclear leukocytes and 
apparently some fibrin in alveoli Several bronchi in the field also contained 



Fig 2 — Section of the heart, showing vegetation on the mitral valve 

purulent exudate, and their walls were infiltrated by polymorphonuclear leukocytes , 
many brown pigment-containing phagocytes were noted within alveoli Pulmonary 
edema was present 

The pericardial surfaces were smooth and glistening The heart was enlarged 
and globular, owing to dilatation of both the right and the left ventricle The 
myocardium was flabby, soft and pale yellowish brown The tricuspid, the pul- 
monary and the aortic valve showed no gross evidences of inflammation The mitral 
valve, however, showed a large, soft, friable, yellowish vegetative lesion, involving 
principally the aortic cusp but distributed also m small clusters along the remainder 
of the line of closure The vegetations extended to the anterior and posterior 
surfaces of the cusps of tlie vahe for some distance, but no destruction or per- 
foration of the valve was noted anywhere (fig 2) The mitral vahe showed no 
evidence of previous valvulitis, no thickening or vascularization of the margin 
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of the valve was apparent, while the chordae tendineae were slender and delicate 
and inserted normally in the valve There was also a small, circumscribed vegeta- 
tive lesion on the endocardium of the left auricle, similar m appearance to the 
\alvular lesion and situated about 1 cm above it There was no conspicuous 
thickening of the auricular endocardium which might suggest an old rheumatic 
auricular lesion The papillary muscles and the ventricular endocardium showed 
nothing noteworthy Section of the myocardium showed a few small, grayish- 
discolored areas suggesting embolic lesions, which were taken for section Micro- 
scopic sections showed myocardial degeneration There were scattered small areas 
of myocardial necrosis and infiltration w'ltli small mononuclear cells and poly- 
morphonuclear leukocytes Many of these inflammatory foci w’cre perivascular 

The aorta showed scattered yellow intimal atheromatous patches in the descend- 
ing portion 

The liver w'as large, soft and yellow'ish The anterior surface of both the 
right and the left lobe showed fibrous perihepatitis and a fibrinous exudate of 
more recent origin On section, the lobular outline could be recognized, as W'ell 
as moderate central lobular congestion, severe parenchymatous degeneration and 
conspicuous fatty infiltration The gallbladder and the bile ducts show'cd nothing 
abnormal and presented no evidence of infection The portal vein appeared normal 
Microscopic sections showed severe degeneration of liver cells, wnth vacuolation 
The sinusoids were congested and the Kupffer cells enlarged The periportal 
fields showed infiltration with mononuclear cells and some eosinophils 

The spleen was markedly enlarged being approximately 9 to 10 inches (23 
to 25 cm ) in length and extending about 2 fingerbreadths below the costal margin 
It w'as fairly soft The surface presented several circumscribed discolored infarcts, 
varying from 1 to 4 cm in diameter The pulp on section w’as dark red and pre- 
sented prominent grayish nodules and streaks The splenic arterj and vein showed 
nothing unusual Microscopic sections showed a number of small infarcts The 
malpighian follicles were small The pulp was h 3 peremic and contained a con- 
siderable number of macrophages and polvmorphonuclear leukoc^tes kluch pig- 
ment, most of which w'as probably due to fixation in solution of formaldelnde 
was observed, a bacterial clump w'as seen in an arteriole, the pulp contained 
many polj^morphonuclear leukoc 3 des, including eosinophils and macrophages Sec- 
tions also showed an infarct with a congested peripheral zone No granulomatous or 
proliferative reaction w'as noted 

The kidneys were slightly enlarged and w'ere normal in shape and position 
The capsule stripped without difficulty, revealing a surface studded w'lth many 
pmhead-sized reddish petechial lesions, apparently embolic in nature, as w'ell as a 
number of small yellowish infarcts, about 0 5 cm in diameter There w as rather 
se\ere parench 3 'matous degeneration The markings of the cortex and medulla 
W’ere indistinct The pelvis likew'ise show'ed a considerable number of petechial 
hemorrhages The ureters appeared normal The urinary bladder was studded 
with multiple pinhead-sized petechiae, manv of wdiich w’ere wdnte centered The 
prostate showed nothing notew'orth 3 ’’ Microscopic sections of the kidneys showed 
engorgement of interlobular arteries and their branches The epithelium of the 
convoluted tubules presented severe degeneration with formation of vacuoles and 
hyaline droplets Scattered tubular casts were noted Focal areas showed inter- 
stitial infiltration wnth pol 3 ’morphonuclear leukocytes and numerous mononuclear 
cells No embolic focal lesions w'ere demonstrated 

The adrenals showed a thin 3 ellow cortex and an autolyzed medulla Micro- 
scopic section showed nothing notew'orth 3 ' 
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The pancreas showed the usual lobular structure ^Iicroscopic sections showed 
postmortem change 

The stomach showed prominent lugae and model ate congestion The small 
intestine, when opened, show'cd innumerable embolic petechial lesions in the mucosa, 
many with white centers Similar lesions were noted in e\en greater number in 
the colon, the sigmoid and the lectum There were no conspicuouslj enlarged 
mesenteric lymph nodes 

The brain could not be examined, because the examination was limited Por- 
tions of several lumbar vertebrae were taken for study of the bone marrow 

Bactci lologic Studies — Culture of the crushings of the mitral vegetations 
revealed A bov is 

Further studies on cultures submitted to the department of bactenologj of the 
United States Public Health Service confirmed the finding of A bov is 

COMMENT 

Ideal ciiteiia for the diagnosis of bacterial endocarditis consist of 
a number of factors The clinical pictuie should conform to the usual 
accepted standaids, positive cultures of a single organism should lie 
obtained fiom the blood during life, prefeiably piioi to the last week 
of illness, the same organism should be recoveied from the vegetations 
on the valves These ideal demands aie fulfilled in the. case repotted 
The question whether the condition falls under the acute or the sub- 
acute variety need not be of concern here While it is true that the 
duiation of the illness was only thirty-five days, the case presented 
the chai actei istics of the ordinar;y case of subacute bacteiial endo- 
carditis The use of any time, such as six weeks, as a basis for sub- 
division IS arbitral y and without constant pathologic justification 
The case of Jervell assumes special importance in the present con- 
nection, since It IS the only case besides mine in which one of the 
highei bacteria was found as a cause of the endocarditis The patient 
was a 20 }eai old man whose illness began with gastrointestinal symp- 
toms, followed by chills, fluctuating tempeiature and cutaneous hemor- 
rhages Embolization of the biain and spinal coid was striking Death 
occuried eight weeks after the onset Autopsy revealed old rheumatic 
mitral vahuhtis, with fresh vegetations on both the aortic and the 
mitral v alve and small ulcerations The spleen was enlai ged and showed 
many infaicts, some of which weie abscessed Cultures of the blood 
during life and vegetations of the valves showed Leptothrix 

The question of the relation of actinomycosis to cardiac involvement 
now presents itself Actinomycosis of the heart is lare Sanford and 
Voelker,^ in an exhaustive statistical review of 670 cases of actino- 
mjcosis occurring m the United States, failed to find a single case m 
which the disease invoUed the heart Nevertheless, such involvement 

3 Sanford A H, and Voelker, M Actiiiomvcosis in tiic United Statec 
Arch Surg 11 809 (Dec) 1925 
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IS not unknown, and cases have been reported by Poncet and Berard,^ 
Benda,® Harbitz and Grondahl,® Letulle and Hufnagel,^ Dean® and 
Kasper and Pinner ® In all of these cases, the pericardium and myo- 
cardium became involved by direct extension from the pleura and 
mediastinum or by metastatic spread through the blood stream from 
a distant focus Dean’s case and 1 of those of Harbitz and Grondahl 
are particularly noteworthy, since endocardial vegetations were seen 
in addition to the myocardial involvement In both cases the endo- 
cardial process was due to direct extension from an underlying myo- 
cardial lesion 

It IS apparent, therefore, not only that endocarditis due 'to A bovis 
IS a rare complication of actinomycosis but that even when it does 
occur It is entirely different in its method of invasion and pathogenesis 
from ordinary bacterial endocarditis Clinically, too, the primary dis- 
ease dominates the picture 

In my case of endocarditis due to Actinomyces no portal of entry was 
demonstrated after a thorough search The clinical picture was indis- 
tinguishable from that of ordinary subacute bacterial endocarditis, 
despite the relatively short duration of its course Pathologically, too, 
none of the lesions distinctive of actinomycosis was seen The case 
therefore derives its especial importance from two angles first, the 
unusual form of involvement of the heart by Actinomyces and, second, 
the unique nature of this etiologic agent as a cause of typical bacterial 
endocarditis 

SUMMARY 

A case of bacterial endocarditis due to A bovis is reported Clinically 
and pathologically it was indistinguishable from an ordinary case of 
subacute bacterial endocarditis 

The Pathological Department of the Hospital for Joint Diseases supplied the 
pathologic and microbiologic studies in the case and the photographs shown in 
figures 1 and 2 

145 West Fifty-Eighth Street 


4 Poncet, A , and Berard, L Traite climque de I’actinomycose humaine. 
Pans, Masson &. Cie, 1898 

5 Benda, C E Zwei Falle von metastasierenden Aktinomykose, Deutsche 
med Wchnschr 26 70, 1900 

6 Harbitz, F , and Grondahl, N B Die Strahlenpilzkrankheit (Aktinomy- 
kose) in Norwegen, Beitr z path Anat u z allg Path 50 193, 1911 

7 Letulle, M , and Hufnagel, L L’actmhmycose du coeur. Bull Acad de 
med. Pans 82 120, 1919 

8 Dean, G A Case of Pyaemic Actinomycosis with an Actinomycotic 
Endocarditis, Brit M J 2 1303, 1912 

9 Kasper, J A , and Pinner, M Actinomycosis of the Heart Report of a 
Case with Actinomycotic Emboli, Arch Path 10 687 (Nov ) 1930 
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TREATMENT IN T\S O C\SES OF SE\'ERE DEAlBETES BY EQUALLY 
AND UNEQUALLY DR'IDED DIETS WITH COMMENTS 
ON CRITERIA FOR TREATMENT 

EDWARD TOLSTOI M D 

AVD 

FREDERICK C WEBER Jp , MD. 

With the Tecrxic.-vI. Assistaxce cf Vixcext Toscant B S 

NEV, VOSH 

During the past two years we have treated some of our diabetic 
patients both m the outpatient department and in the hospital wards 
with protamme zinc insulm Like otliers - we hoped that by virtue of its 
slow actndt}- a single daih dose of this new preparation could be sub- 
stituted for three or even four doses of regular insulin However, when 
we put this thought mto practice we expenenced considerable difliculty 
in maintaining the urme free from sugar We appreaated the facts that 
we employed the higher carbohydrate diet — ^200 to 250 Gm — and that w'e 
had not worked out a technic for the use of protamine insulin As a 
matter or fact there is no deSniteh established technic for the admin- 
istration of this preparation AH sorts of combinations - are recom- 
mended with or without the addition of regular insulin — ^tliat is two or 
more hypodermic injections daily It was and snil is our feeling that 
if advantage is to be taken of the slow-acUng properti' of protamine 
insulin efforts- should be directed to treatment of the diabetic panent 
by means of 07iC dose daily Such a procedure would reLeve the panent 

From the New Yo'k Hospital and the Department o: ^Medicine Cornell Uni- 
iersit>- iledica! College, and the Russell Sage InsUUite of Patholog>- 

1 Adiersberg D Wicn khn Wchnschr. 49:-76 1936 Kerr R B and 
Best C H Canad. M A. J 34 -WO 1935 Krarup X B Qinical Investjga- 
ticns into the .Action of Protamine Insnlmate, translated b} C L Heel Copen- 
hagen G E C Gad Publisher 1935 LawTence K. D and Archer X • Brit 
AL J 1:7-7 1936 RabinoYntcn I il Fovler A F and Corco-an, .A C : 
Canad M. A T 33 239 1936 Root H F Woite, P Marble. .A and Stotz, 
E Qiincal Expenerce vntn Protamme Insoimate. J A M .A. 106*180 (Jan 18) 
1935 Sprague. R. G ' Blum B B Osteroerg A E ; Keppler E J and Wfloer, 
R. M Qinical Oosen-ations vnth Insulin Protamine Compound. iDid 106.1701 
(!Ma> 16) 1935 Kepp’er E J Qimcal Expenence -mth Protamine Zirc Insulm 
T A M -A. 110:92 (Jan S) 1938 

2 Tolstoi E Am J M Sc 194 727. 1937 
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of the burdensome routine of cairying his medication about and eating 
his meals at definite intervals m relation to the administration of insulin 
And, as Mosenthal ® aptly stated 

The resort to protamine zinc insulin should do away with these restrictions, the 
ideal to be attained is that one dose of protamine zinc insulin is given in the morning 
before breakfast when the routine prepaiations for the day are carried out, and 
the meals aie taken at optional hours with no anvietj about their being served 
exactlj on time Any deviation from this schedule does not fulfil the complete 
purpose of protamine zinc insulin 

To attain this ideal with a liberal caibohydrate diet, various dietai'y 
divisions instead of the customary three equal portions of caiboh}drate 
throughout the day have been recommended The Danish discoverers ^ 
of protamine insulin were the first to suggest the irregulai distribution of 
the carbohydrate fraction S" Harris and S Harris Jr® recommended 
SIX meals in place of the usual three Other investigators ° advised that 
the day be started with a small carboh} drate meal and that some carb'o- 
hydrate be given before bedtime Another method was to fractionate 
the total carbohydiate into Ys for three meals and then subtract 

10 to 15 Gm of carbohydrate from each meal, to be given two to three 
hours after each meal Pollack and Lande ' have experimented with 
such dietary divisions, and they have no one fixed formula as yet They 
used the method wdiich gave them the* best results, and m some cases it 
was ^ Ys, Ys, Ys division of the carbohydiate, in others it w^as 

Ysi Y>> or Y)) Ys> Y> They further advised the omission at break- 
fast of foods containing immediately available sugar, such as fruit 
juices 

A peiusal of the literature reveals that some or all of these methods 
are m use It is also apparent that both the low and the high carbo- 
hydrate diet are employed And, as there are no detailed data on 
record wdiich deal with the response of the same diabetic patient to 
these various fractional dietary divisions oi to a high or a low carbo- 
hydrate diet while one dose of protamine insulin is being received daily, 
we felt that a study of this type wmuld be of interest We set before 

3 Mosenthal, H O Protamine Zinc Insulin Clinical Application, J A 
M A 110 87 (Jan 8) 1938 

4 Hagedorn, H C , Norman Jensen, B , Krarup, N B, and Wodstrup, I 
Protamine Insulinate, JAMA 106 177 (Jan 18) 1936 

5 Harris, S , and Hams, S , Jr Am J Digest Dis 5 88, 1938 

6 Protamine Insulin and Diet in Diabetes Mellitus, editorial, Ann Int Med 

11 2048, 1938 

7 Pollack, H, and Lande, H New York State J Med 38 339, 1938 
Pollack, H J Mt Sinai Hosp 4 437, 1938 
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us the following thiee questions, the ans\\eis to which we hope may 
be of considerable help in the tieatment of the diabetic patient 

1 Is glycosuria affected materially by shifting the diet fiom 

Vs, Vs, Vs to Yo li all othei factois remain constant^ 

2 Is the patient’s diabetes bettei managed with a lower than with 
a higher carbohydrate diet^ 

3 What aie to be consideied criteiia foi the “contiol” of diabetes^ 

PL'\N or EXPERIMENT 

•» 

The subjects of oui study uere 2 “healthy” female diabetic women Their 
diabetes was severe, as can be noted from their respective clinical histones, ^^hlch 
will be given During the eighteen months prioi to the writing of this report 
neither was free from glycosuria, even though each leceived 50 to 80 units of 
insulin — protamine as well as legular Prior to admission they adhered to their 
diets as well as they could They are intelligent persons, and they made eveiy 
effort to cooperate » 

We hospitalized both patients, one for fifty and the other foi sixty days Both 
were under rigid supervision in the metabolism ward Each was given a diet of 
75 Gm of protein, 60 Gm of fat and 200 Gm of carbohydrate, a total of 1,640 
caloiies As the protocols show, 1 of the patients was given 50 and the other 
60 units of protamine zinc insulin daily before breakfast The experiment was 
divided into ten day periods During the first, the diet was fractioned into three 
approximately equal portions During the second period the distribution of the 
diet was %, %, % We then resumed the original proportions of Ys, Vs, Ys for 
another ten days At the end of these thi^e peiiods the carbohydrate fi action 
was reduced by one-half, and to maintain the diet isocalonc the same number of 
calories was added to the fat The new diet consisted of 75 Gm of protein, 105 
Gm of fat and 100 Gm of carbohydrate The daily dose of insulin remained the 
same throughout the entire expeiiment, as did the quantity of protein The 
figure of 100 for carbohydrate was not selected at random We observed that our 
patients excreted about 100 Gm of dextrose a day This excretion was, of course, 
variable, but the total output for the first thirty days was 3,000 Gm Since the 
patients failed to utilize this amount, we felt that a deduction of the daily aveiage 
excretion — 100 "Gm — from the original diet was reasonable After the patients 
were given the lower carbohydrate diet, they again were observed when the division 
of the food was rvhen it was %, %, and when it was 4^, %, 

% The patients were not in bed all the time They were seen daily and 
questioned as to symptoms of diabetes and as to their well-being in general Their 
weight was recoided daily 

Every specimen of urine voided was preserved in a separate receptacle Each 
one was tested for dextrose qualitatively The specimens for a twenty-four hour 
period were then pooled, and, after the daily volume was noted, the total amount 
of dextrose as well as of nitrogen was determined Tests for acetone also were done 
daily on the total twenty-four hour specimen 

On the eighth day of each period a blood sugai curve was lecorded This was 
taken during fasting and at 11 a m , and 1, 4 and 7pm 

The Benedict qualitative and quantitative method was used for the determi- 
nation of the unnarj sugai Acetone was determined by the Rothera test The 
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Folin-Wu method was used for the analyses of blood sugar and the Bloor method 
for the estimation of cholesterol 

REPORT or CASES 

Case 1 — F H , a 27 year old single white woman, whose personal history and 
family history revealed no facts contributory to the present situation, about four 
jears before noted continued hunger, thirst and marked loss of weight, in spite of 
eating a good deal and drinking large amounts of water At that time she had 
to be fitted for glasses because of blurred vision The menstrual periods became 
scantier during the three to four months these symptoms were present, and her 
weight dropped from 140 pounds (63 5 Kg) to 114 pounds (52 Kg) While 
treating her for a minor injurj, a chiropractor elicited the aforementioned symptoms 
and on examining a specimen of her urine told her that she had diabetes and sent 
her to the clinic at Billings hospital in Chicago, in July 1934 Physical examination 
at that time revealed no abnormalities other than that the liver was felt at 2 cm 
below the costal margin Gh'cosuria (4 plus) was present, and the urine gave a 
2 plus reaction for acetone She was gnen a diet of 60 Gm of protein, 175 Gm of 
fat and 100 Gm of carbohydrate, and aftei some treatment she was finalb^ dis- 
charged on the same diet with insulin in doses of 16-6-12 On this regimen her 
weight rose to 130 pounds (59 Kg) in January 1935 Howe\er she continued to 
have either insulin reactions or glycosuria. In January 1937, uhile m Florida, 
she contracted a cold, which Was diagnosed as influenza She was ill for about a 
month Her weight dropped to 111 pounds (50 5 Kg), and of course the 
glvcosuria could not be regulated at that time 

On her return from Florida she came to the diabetic clinic of the New York 
Hospital, in May On her admission the diet consisted of 60 Gm of protein, 
175 Gm of fat and 100 Gm of carboln dratc, with insulin in doses of 30-15-15 
Glycosuria (4 plus) was present and the urine ga\e a 3 plus reaction for acetone 
The results of the physical examination were in no waj contributory The diet was 
changed at this time to 70 Gm of protein, 60 Gm of fat and 200 Gm of carbo- 
hAdrate, with the dose of insulin as stated, 30-15-15 At almost every Msit to 
the clinic she had glycosuria (4 plus) and a 0 to 2 plus leaction for acetone in the 
urine She stated that the insulin reactions were troublesome Since she seemed 
to be the type in which the blood sugar oscillates, it was decided to try protamine 
insulin, and in July she was given 40 units of protamine and 15 units of regular 
insulin before breakfast On this regimen she felt better than she e\er did before 
Her weight rose to 134 pounds (60 Kg), but she continued to ha\e irregular 
glycosuria As she continued to ha%e occasional reactions, the dose was reduced 
to 35 units of protamine and 10 units of regular insulin in the morning From 
August to February 1938 she felt well and took care of herself She w'as excret- 
ing sugar all the time during her absence She reported to the hospital in 
February because of this constant glycosuria and an infection of the gum In 
Mew of the fact that she had severe diabetes which was difficult to regulate, she 
was requested to enter the metabolism ward for studv 

On her admission the physical examination revealed nothing abnormal except 
for a slight infection of the gum, wduch was treated The urine revealed sugar 
(4 plus) but no albumin or red blood cells The erythrocyte count was 4,900,000, 
wuth 94 per cent hemoglobin, and the leukocyte count 8,200, with a normal differ- 
ential count The blood sugar content during fasting w'as 214 mg per hundred 
cubic centimeters The blood showed no serologic abnormalitj, and the basal 
metabolic rate w'as -}- 7 per cent 
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Case 2 — M D , an 18 year old white girl, who has been {ollo\\ed closely for 
the past SIX years, was first seen in April 1932, at the age of 12 years, during a 
bout of diabetic ketosis necessitating admission to the hospital A paternal grand- 
father died of diabetes at 65 The child grew and developed normally About 
I^Iarch 1932 she lost 12 pounds (5 4 Kg) in two weeks’ time, she was hungry 
and voided large amounts of urine She became irritable and lethargic about six 
days before admission She began to have epigastric pain and vomiting, and since 
the abdominal pam persisted she was brought to the clinic At that time there 
was a marked odor of acetone on her breath She felt dry and was sleepy The 
urine had a 4 plus reaction for sugar and a 4 plus reaction for acetone The 
sugar content of the blood was 625 mg per hundred cubiC centimeters She was 
admitted to the hospital, where she responded satisfactorily to treatment and was 
discharged on a diet of 85 Gm of protein, 110 Gm of fat and 120 Gm of carbo- 
hydrate, with insulin in doses of 10-0-10 

After her first admission she was in the hospital ten times At no time after 
the discovery of her diabetes had her urine been sugar free, either at the hospital 
or at home All sorts of dietary combinations as well as doses of insulin have 
been tried, but at no time was there continuous freedom from glycosuria When- 
ever the dose of insulin was increased she was brought to the hospital because of 
profound shock In spite of this difficulty, she continued to develop and grow 
Hci;^ menses became established in 1935 In April of that j^ear she was admitted 
to the hospital because of otitis media and acute mastoiditis, due to the beta 
hemolytic streptococcus Mastoidectomy was done, and she made a good recovery, 
after which she was discharged on a diet of 70 Gm of protein, 50 Gm of fat 
and 250 Gm of carbohj drate, with insulin in doses of 40-20-20 She continued to 
excrete sugar on this regimen, and the dose of insulin was changed to 30-20-20-10 
Because some reactions occurred on this regimen the dose was reduced to 
20-15-15-5 She began to gain weight and “felt fine,’’ but the diet and the 
dose of insulin had to be altered constantly because of difficulty in adjustment 
During this time her menses were irregular, and an estrogenic preparation 
(amniotiii) was given, 2,000 to 10,000 units ever}' other day for a month, but 
without success 

In June 1938 protamine insulin was administered in the evening, with regular 
insulin in the morning and at noon, and though the patient felt well she con- 
tinued to excrete sugar Thus she was treated, as has been described, by means 
of every conceivable combination of diet and insulin, but at no time could one 
obtain the laboratory ideal of satisfactory therapy In view of the fact that she 
continued to develop normally, gam weight and height, and carry on in a per- 
fectly normal manner m school, leading her class, in spite of constant glycosuria, 
less and less attention was being paid to that condition 

When she was admitted to the hospital, about April 1938, because of a slight 
infection of the upper part of the respirator} tract, it was decided to place her in 
the metabolism ward for study A diet of 75 Gm of protein, 60 Gm of fat and 
200 Gm of carbohydrate was prescribed and one dose of protamine insulin given 
daily The laboratory data other than those concerned with the diabetes were of 
no importance 

ANALYSIS or DATA 

At the outset we wish to emphasize that during the entire period of 
observation both patients felt perfectly well Neither levealed a single 
symptom of diabetes As can be seen in the tabulated data, F H lost 
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per cent ot tlie nitrogen ot tlie food is calculnti d la being oNcreted In the feces 


lABLE I — Data for Patient M 
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Ten per cent of the nitrogen of the food is calculated as being o\cretcd in tbe feces 
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1 34 Kg in fifty days and M D 0 97 Kg in sixty days The toimei 
received 28 calories per kilogram, while the lattei received 33 5 caloiies 
per kilogram Both patients weie on subcaloric diets as judged by the 
Aub-Du Bois ® standards 

Neithei patient had noctuiia F H had hei menstrual period at 
the expected time, M D had a period foi the fiist time in months 
while living on this regimen 

Uiine — F H showed sugai in the mine except for seven times, 
and most fi actional specimens gave a 4 plus leachon M D ’s urine 
was never sugar fiee during hei entire stay in the hospital and all 
fractional specimens revealed glycosuiia (4 plus) , no ketone bodies zveie 
piesent The volume of mine langed between 850 and 2,500 cc except 
on one occasion when M D had severe glycosuiia with a volume of 
3,700 cc for the twenty-fom hour peiiod The excietion of sugar 
was totally iriegulai, and, e\en though every attempt was made to 
keep the conditions of the experiment constant, it was impossible to 
predict whethei the total dextrose excreted would be high or low 
When the total excieted dextiose was subtracted from the total intake 
(exclusive of the dextrose derned from the protein and fat) the 
amounts utilized were not markedly diffeient whether the diet was 
divided into Yz, Ys, Yz ov pi, Ys or any combination indicated in 
the tables During the first thirty days, while receiving 200 Gm of 
carbohydrate daily, or a total of 6,000 Gm , each patient excreted a 
total of about 3,000 Gm of sugar — an aveiage of 100 Gm per day 
When the carbohydate intake was i educed to 100 Gm a day the excre- 
tion of dextrose fell definitely, but even on this regimen the division 
of the diet into Ys^ Y^^ Yz or Ysj Ys, Yi made little difference, except 
that the glycosuiia was heaviei when the diet was une\enly partitioned 
Actually, F H excieted 128 Gm of dextrose in tventy dajs with a 
2,000 Gm intake, and M D excieted 1,443 Gm with a 2,000 Gm 
intake 

The nitiogen balance of both patients was positive during the expeii- 
mental peiiod, though there were occasional days when they excieted 
moie nitiogen than they ingested 

Blood Sitgai Cumae — A leview of the data m table 3 shows that 
though the sugar content of the specimens of the blood taken during 
fasting was variable, nevertheless it was within or close to noimal 
limits It IS clear also that the dextrose content of all the postpiandial 
specimens was considerably elevated and that this hyperglycemia was 
sustained irrespective of the type of diet used oi the mannei in which 

8 Aub, J C , and Du Bois, E F Clinical Calorimetry XIX The Basal 
Metabolism of Old Men, Arch Int Med 19 823 (May) 1917 
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It was fractionated In the case of F H the blood sugar cunes were 
lower after the fiist ten day period, but, as can be seen neithei the 
type nor the division of the diet influenced them mateiiall} This ^\as 
tiue in geneial in the case of M D , also with perhaps a more pro- 
nounced elcAation when she w^as leceiving the higher carbohydrate 
diet The division of the diet into unequal poitions failed to affect 
eithei the character or the absolute lalues significantly 

In the record of M D (table 2) theie is an inteiiuption of the 
daily sequence from June 13 to June 20, 1938 During this period, 
because of a misundei standing, she consumed a package of diabetic ginger 
snaps These had little carbohydiate value but weie rich in protein and 
fat All the data collected during this period were therefoie discarded 
This unpleasant incident caused a thorough in\ estigation as to the 
reliability of data on the dietary intake F H had no visitors during 


Table 3 — Blood Sngai Content joi Patients F H and M D ^ 







Patient F H 



Sam 

11 

1 

4 

7 


Dietary 

Date 

Pasting 

a m 

p m 

p m 

p m 

Diet (Gm ) 

Divisions 

3/ 7/33 

192 

272 

333 

283 

323 

Protein 75, fat 60, carbohydrate 200 

1/3, 1/3, 1/3 

3/18/38 

95 

180 

166 

205 

250 

Protein 75, fat 60, carbohydrate 200 

1/5, 2/5, 2/5 

8/31/38 

w 

241 

226 

194 

220 

Protein 75, fat 60, carbohydrate 200 

1/3, 1/3, 1/3 

4/ 8/38 

55 

192 

214 

211 

276 

Protein 75, fat 105, carbohydrate 100 

1/3, 1/3, 1/3 

4/iy/^ 

100 

183 

211 

220 

241 

Protein 75, fat 105, carbohjdrate 100 

2/5, 1/5, 2/6 






Patient M D 


5/ 2/38 

150 

454 

428 

375 

375 

Protein 75, fat 60, carbohydrate 200 

1/3, 1/3, 1/3 

5/11/38 

79 

865 

444 

357 

468 

Protein 75, fat 60, carbohydrate 200 

1/5, 2/5, 2/5 

5/21/33 

172 

333 

340 

319 

375 

Protein 75, fat 60, carbohydrate 200 

1/3, 1/3, 1/3 

5/31/38 

133 

306 

320 

303 

333 

Protein 75, fat 105, carbohj drate 100 

1/3, 1/3, 1/3 

6/10/3S 

68 

214 

272 

267 

340 

Protein 75, fat 105, carbohydrate 100 

1/5, 2/5, 2/5 


* Tho \ alucs for the blood sugar are expressed m nulhgrams per hundred cubic centimeters 


hei stay m the hospital and she stated most emphatically that she com- 
mitted no dietary mistakes or indiscretions 

M D insisted that apart from eating the diabetic ginger snaps she 
adheied to the diet most carefully, and, after she was told that the 
results obtained during the dietary break would have to be discarded, 
she exercised most meticulous care during the last ten day period We, 
therefore, are reasonably confident that no dietaiy bieaks, other than 
the one mentioned, occurred We feel that this explanation is essential, 
as our results are so striking as to suggest that additional food might 
have been ingested To the best of our knowdedge and that of our 
dietetic staff such was not the case with the one exception already men- 
tioned 

COMMENT 

The treatment of diabetes mellitus has been constantly changing, 
chiefly because of the introduction of insulin and later of protamine 
insulin The attitude tow^ard the blood sugar levels and the sugar- 
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free urine has changed It may still be desirable to balance the diet 
with insulin so as to maintain the mine free from sugar, but today 
glycosuria and consequently peisistent oi mteimittent hyperglycemia 
may be acceptable as adequate legulation Then, too, the diet has been 
changing Theie are the high caibohydrate and the low carbohydrate 
diet, there is the “free diet,” oi no diet at all, of Stolte,” and since the 
introduction of piotamine insulin theie has been discussion of the meiits 
and advantages of equal and unequal divisions of the diet Among our 
ambulatory patients leceivmg protamine zinc insulin \\e have obseived 
constant and persistent glycosuria foi about one and one half years 
They weie m excellent condition No attempt was ever made to quan- 
titate this sugar, as we would not have been certain as to the lehabihty 
of collection The patients whose cases have been presented also 
excreted large amounts of sugai daily This phenomenon was more 
marked with a high than with a low carbohydiate diet They felt per- 
fectly well, were symptom fiee and did not excrete ketone bodies m 
the urine Fuithermoie, dividing then diets into equal or unequal 
portions influenced the quantitatne excretion of dextrose little The 
blood sugar curves were also affected little b} such dietaiy division 
True, decreasing the carbohydiate fraction caused a marked fall m 
the urinary dextrose, but at the same time the utilization was consider- 
ably decreased The point that we wish to empliasize is that with the 
use of protamine insulin e-\en severe glycosuiia is compatible with 
good health, maintenance of weight and nitrogen cquihbiium, as well 
as freedom from the symptoms of diabetes and ketosis A similar 
status was observed by Raiha,^° who studied diabetic childien With 
two doses of regular insulin daily at times as high as 40 units at each 
injection, his patients felt well, grew, developed, lesisted infection and 
did not exciete ketone bodies, in spite of constant and marked glycosuria 
and a blood sugar content dm mg fasting of 500 mg pei hundred 
cubic centimeters 

It IS now accepted that with the employment of protamine insulin 
glycosuria is permissible Qualitatively a 4 plus leaction is allowed, 
quantitatively no definite limit has been established In this connection 
it is significant to present the view of Joshn and his associates 
Until recently they had always insisted on sugai -free urine Now this 
group have warned the physician not to expect perfection Avhen using 
protamine insulin They have expressed more liberal views than ever 
before and stated that they are not discouraged if heavy glycosuria is 

9 Stolte, K Med Klin 27 831, 1931 

10 Raiha, C E Acta psdiat 19 433, 1937 

11 Joshn, E P Mil Surgeon 82 1, 1938 

12 White, P South M J 31 15, 1938 



TOLSTOI-JVEBER— PROTAMINE ZINC INSULIN 


101 


found in the fractional specimens They pa} much more attention 
to the total twenty-four houi excietion Their “standard of control, 
based upon the twenty-four hour quantitative specimen of urine, is no 
longer 100 but 90 pei cent ” In other words, they expressed the 
feeling that if a patient is receiving 150 Gm of carbohydrate and his 
total excretion in twenty- foui houis is 15 Gm the condition is ade- 
quately controlled There are others ® who ignore as much as 40 Gm 
of dextrose m a twenty-four hour specimen of urine Our patients, 
during the periods studied, often excreted much more than 100 Gm 
daily, and they showed no ill effects either subjectively or objectively 
Obviously, at present there can be no set lule as to the quantit) of 
dextrose one is or is not permitted to exciete if the condition is to be 
considered well regulated All this leads, of course, to further specula- 
tion Whethei a patient excretes 15 Gm of sugar or moie during a 
twenty-four hour period, he is sure to have either continuous oi inter- 
mittent hyperglycemia That is inevitable The question theiefoie 
aiises whether hyperglycemia is deleterious As yet there is no definite 
leply It has been repeatedly stated that hyperglycemia renders a dia- 
betic patient more susceptible to infections It has been maintained 
also that hyperglycemia is an etiologic factoi m the atheroscleiosis of 
the diabetic patient Neither of these postulates has been convincingly 
established, and formidable objections can be raised against most 
hypotheses It is important to call attention to the fact that such 
theories were formulated during the preinsulm era And no doubt 
during that period patients with the more severe foims of diabetes 
were in a deplorable state of nutrition , they were desiccated and debili- 
tated, all of which may have been conducive to increased susceptibility 
to infections and degenerative lesions Today, the diabetic patient is 
well nouiished, whether or not he reveals glycosuiia and hyperglycemia 
Insulin — regular and protamine — ^lias changed the status of the diabetic 
patient With improved nutiition, even m the presence of glycosuiia 
many of our ambulatory insulin-treated patients suffered from no more 
frequent or moie seveie infections than nondiabetic persons Consider- 
able doubt has been cast on the effect of hyperglycemia on infections, 
by Mosenthal,^^ Bayne-Jones and Richardson Also Marble, White 
and Fernwald expressed the feeling that present day diabetic patients 
are not moie susceptible to infections than normal persons From 
most caiefully planned and excellently presented experiments they con- 

13 Mosenthal, H O Hyperglycemia E\aluation m the Treatment of 
Diabetes Melhtus, JAMA 105 484 (Aug 17) 1935 

14 Bayne-Jones, S Bull New York Acad Med 12 278, 1936 

15 Richardson, R J Clin Investigation 12 1143, 1933, 14 389, 1935 

16 Marble, A , White, H J, and Fernwald, A J J Clm Investigation 
17 423, 1938 
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eluded that “ whole blood of diabetic patients were found to possess 

essentially the same phagocytic, bacteriostatic and bactericidal power 
against selected strains of streptococci as blood from normal controls ” 

Evidence that hyperglycemia and glycosuria are the etiologic factors 
m the vascular scleroses is not convincing The projected hypotheses 
have been multiple, conflicting and confusing The clinical obseivations 
of many investigators have not yielded uniform lesults One of us 
(E T ) and an associate hare observed roentgen evidence of calcium 
deposits in the tibial vessels in a young diabetic patient whose diabetes 
was only two months old, and we have failed to find this vascular 
change in patients with severe diabetes of from five to twelve years’ 
duration who revealed gljcosuria most of the time These patients 
were receiving insulin and were well nounshed Experimentally, 
MacLeod could not demonstrate vascular lesions in depancreatized 
dogs which weie maintained in a good state of nutrition by means of 
insulin but revealed hyperghcemia and glycosuria foi over four years 
Such data convince us that the same hypotheses are not applicable to 
diabetic patients treated with and to those tieated without insulin We 
believe that the administration of insulin, no matter how unsatisfactorily 
we imitate the biologic mechanism, offers pjotechon to the diabetic 
patient 

The use of insulin has been instrumental in somewdiat modifying 
the point of Mew' concerning the deleterious effects of hyperglycemia 
and glycosuria, and, furthermore, since the introduction of protamine 
insulin even the most conservatne investigators permit glycosuria, it 
IS therefore obvious that oui criteria for so-called adequate control 
must be revised Stolte ® and Raiha have been guided chiefl}’’ by 
the clinical response and have paid no attention to glycosuria or hyper- 
glycemia However, they have insisted on acetone-free urine In this 
country the excretion of 15 to 40 Gm of dextrose by patients treated 
with protamine insulin has been accepted as adequate control For 
cases managed in our outpatient department w’^e have no quantitative 
data But in the cases here presented we have observed glycosuria 
with a sugar content of 100 Gm pei tw^enty-foui hours and more 
We show'-ed also that our patients had continuous hyperglycemia, except 
for the specimen of blood taken during fasting There was no ketosis 
Our patients presented no symptoms, and their loss of w^eight was not 
significant From these observations we feel that the clinical features 
offer a more satisfactory guide to good theiapy than the chemical 
determinations on the blood and urine We feel that if with a speci- 

17 Tolstoi, E, and Walton, M Unpublished data 

18 MacLeod, J J R The Fuel of Life, Piinceton, N J, Princeton Uni- 
versity Press, 1928, p 58 
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fied quantity of protamine insulin the patient is symptom free, has no 
ketonuria, maintains his weight and a good state of nutrition and is 
able to be socially useful, the desiderata of adequate control have been 
fulfilled, even though glycosuria and hyperglycemia are present And 
since dividing the diet unequally has not altered the situation materially 
It IS our policy to simplify the treatment as much as possible We 
recommend, therefore, an adequate caloric diet and one dose of pro- 
tamine insulin sufficient to maintain the patient’s weight at an optimum 
and more or less constant level We recommend also that the urine 
be free from ketone bodies, but glycosuria is not only permitted but 
desirable, since it offers protection from insulin reactions Why patients 
on such a regimen do well is a matter for speculation It is our thought 
that, provided each patient metabolizes a quantity of carbohydrate 
essential for his particular metabolic needs, the excess may be excreted 
without damaging results 

SUMMARY 

Two patients with severe diabetes were carefully observed for fifty 
and sixty days respectively in the metabolism service Both patients 
were young women Their caloric intake was constant at 1,640 calories, 
and each received a single dose of protamine zinc insulin m the morn- 
ing In one case the dose w'as 50 and in the other 60 units The com- 
position of the diet was 75 Gni of protein, 60 Gm of fat and 200 Gm 
of carbohydrate for the first thirty days, and this diet was divided into 
equal portions at times ys, y^) and into unequal portions at other 
periods After this thirty day period the diet was changed to 75 Gm 
of protein, 105 Gm of fat and 100 Gm of carbohydrate This reduced 
the carbohydrate by one-half, but the total calories were kept constant 
by increasing the fat Equal and unequal fractionation of this diet also 
was employed The dose of insulin was always kept the same, and the 
effects of these procedures were observed It was noted that the patients 
excreted an average of 100 Gm of dextrose daily during the first experi- 
mental thirty day period It was observed also that m spite of this 
glycosuria they w'ere remarkably fiee from any and all symptoms of 
diabetes and then loss of weight was no greater than could be accounted 
for by their diet, which was subcalonc for them as judged by the 
Aub-Du Bois standards The nitrogen equilibrium of the patients was 
maintained Their urine was free from ketone bodies Equal or unequal 
division of the diets was of no consequence in relation to the glycosuria 
Decreasing the carbohydrate by 100 Gm and increasing the fat resulted 
in a diminution of the glycosuria, but the utilization of the dextrose 
also w'as diminished With the lower carboh 3 ^drate diet also there w^as 
little dififeience in the dextrose output, whether the diet w^as equally or 
unequally divided The sugar curves through the day revealed normal 
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and appi oximately noimal values befoie breakfast only Duiing the 
lemamdei of the day theie was persistent hyperglycemia inespective of 
the type of diet or its division 

CONCLUSIONS 

1 When protamine zinc insulin is used to tieat diabetes the glyco- 
suria IS not mateiially influenced by dietary shifts fiom equal to unequal 
portions 

2 With piotamine zinc insulin, the glycosuiia was diminished by a 
lower carbohydrate diet, but the utilization of dextrose was greater 
with the highei carboh}drate diets 

3 For patients treated with piotamine zinc insulin the guiding fea- 
tuie of satisfactoiy treatment should be the maintenance of weight, 
freedom fiom sA'inptoms and absence of ketone bodies in the urine 
Gl 3 Cosuria is desiiable, as it affords protection fiom reactions 
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It IS the puipose of this article to supply more accurate data than ha\e 
heretofore been available for total, differential and absolute leukocyte 
counts and sedimentation rates of healthy adults 19 yeais of age and 
over This is one of a senes of papers on hematologic standards foi 
healthy persons from birth through adult life The data foi othei age 
groups has been or will be reported here and elsewheie^ 

From the Department of Medicine, University of Oregon Medical School 
1 (a) Osgood, E E Hemoglobin, Color Index, Saturation Index and 
Volume Index Standards, Arch Int Med 37 685-706 (May) 1926 (b) Osgood, 
E E, and Haskins, H D Relation Between Cell Count, Cell Volume and 
Hemoglobin Content of Venous Blood of Normal Young Women, ibid 39 643- 
655 (May) 1927 (c) Osgood, E E, and Baker, R L Erythrocyte, Hemoglo- 

bin, Cell Volume, and Color, Volume and Saturation Index Standards for Normal 
Children of School Age, Am J Dis Child 50 343-358 (Aug ) 1935 (d) Osgood, 
E E Normal Hematologic Standards, Arch Int Med 56 849-863 (Nov ) 1935 
(e) Osgood, E E , Baker, R L , Brownlee, I E Osgood, M W , Ellis, D M , 
and Cohen, W Total, Differential and Absolute Leukocyte Counts and Sedi- 
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to be published (g) Osgood, E E, and others Total, Differential and Absolute 
Leukocyte Counts and Sedimentation Rates for Healthy Adolescents Fifteen to 
Eighteen Years of Age, J Lab & Clin Med, to be published (/i) Chuinard, E 
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Infants, to be published (;) Osgood, E E, and others Er} throcj te. Hemoglobin, 
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The values given m most textbooks appear to have been copied from 
one book to another since the very early studies Apparently no atten- 
tion has been paid to the study by Galambos ^ m 1912 or to the studies 
of Torday ® and Miller,^ who obtained similar results Figures obtained 
by recent studies ® of healthy persons in various paits of the world also 
disagree with the textbook figures, but the differences were interpreted 
as probably due to climate, altitude or race Actually, the results agree 
well with those of Galambos - and with those leported here Results 
of studies of the variability of leukocyte counts ® in which many counts 

Cell Volume, and Color, Volume and Saturation Index Standards for Healthy 
Adolescent Males, Fifteen Years of Age and Over, to be published, (L) Erythro- 
cyte, Hemoglobin, Cell Volume, and Color, Volume and Saturation Index Standards 
for Healthy Females, Fifteen years of Age and Over, to be published, (/) Reticulo- 
cyte Counts in Healthy Newborn Infants, to be published , (ui) Icterus Index 
Determinations in Healthy Newborn Infants, to be published, («) Reticulocyte 
Counts in Healthy Adolescent Bo\s and Girls, to be published 

2 Galambos, A Deber das normale qualitative Blutbild, Folia haemat 
13 153-159 (April) 1912 

3 Torday, A Vom normalen quahtativen Blutbild, Virchows Arch f path 
Anat 213 529-536 (July) 1913 

4 Miller, S R The Normal Differential Leucocyte Count, Bull Johns 
Hopkins Hosp 25 317-322 (Oct ) 1914 

5 Stammers, A D The Polymorphonuclear-Lymphocyte Ratio at an 
Altitude of 5,750 Feet, J Physiol 78 335-338 (June 12) 1933 Peterson, R F , and 
Peterson, W G The Differential Count at High Altitudes, J Lab &. Clin 
Med 20 723-726 (April) 1935 Kennedy, W P, and Mackav, I The Normal 
Leucocyte Picture in a Hot Climate, J Physiol 87 336-344 (Sept 8) 1936 
Gansslen, M Regionare Verschiedenheiten des normalen w'eissen Blutbildes, 
Deutsche med Wchnschr 63 505-507 (March 26) 1937 

6 Feinblatt, H M Alimentary Leukocytosis in Eighty Normal Men A 
Study in Reference to the Crise Hemoclasique of Widal, J A M A 80 613- 
615 (March 3) 1923 Sabin, F R , Cunningham, R S , Doan, C A , and 
Kindwall, J A The Normal Rhythm of the White Blood Cells, Bull Johns 
Hopkins Hosp 37 14-67 (July) 1925 Doan, C A , and Zerfas, L G The 
Rhythmic Range of the White Blood Cells in Human, Pathological Leucopenic and 
Leucocytic States, with a Study of Thirty-Two Human Bone Marrows, J Exper 
Med 46 511-539 (Sept ) 1927 Shaw, A F B The Diurnal Tides of the 
Leucocytes of Man, J Path &. Bact 30 1-19 (Jan ) 1927 Smith, C , and 
McDowell, A M Normal Rhythm of White Blood Cells in Women, Arch Int 
Med 43 68-84 (Jan ) 1929 Medlar, E M The Extent of Variations in the 
Leukocytes of Normal Individuals, Am J M Sc 177 72-87 (Jan ) 1929 Martin, 
H E Physiologic Leucocytosis The Variation in the Leucocyte Count During 
Rest and Exercise, and After the Hypodermic Injection of Adrenaline, J 
Ph\siol 75 113-129 (June 29) 1932 Lawrence, J S , Stephens D J, and 
Jones, E Studies in the Normal Human White Blood Cell Picture II The 
Effect of Digestion on the White Blood Cells, Am J Physiol 106 309 313 
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were made for a few subjects also agree better with our results and 
those of Galambos than with the textbook figures Garrej^ and Bryan ^ 
recently reviewed the literature on total leukocyte counts Bryan, Chas- 
tain and Garrey ® showed that there is a lower and less variable leukocyte 
count under basal conditions, but Schweizer ® was unable to confirm 
these findings, and it is hardly practicable to do leukocyte counts only 
under basal conditions in clinical practice 

In many papers on the leukocyte count m disease it is concluded that 
lymphocytosis or leukopenia occurs because the counts m the disease 
studied differ from the textbook figuies, although they aie w^ell wuthin 
the normal limits here defined 

SUBJECTS 

All of the subjects lived in or near Portland, Ore, at an elevation of less than 
500 feet All were white and nativeborn, in most cases of nativeborn parents 
The women were chiefly nurses from the staff of Multnomah County Hospital and 
technicians from the laboratory of the University of Oregon Medical School 
The men were mostly medical students, with a few interns and physicians All 
felt well at the time the blood was drawn and had had a recent physical examina- 
tion All persons over 19 years of age were grouped together because the scatter 
diagcams’^'^ showed no significant differences for the two sexes and no marked 
variation with age in this group Few persons over 30 years of age were studied, 
so that these results can be strictly applied only to persons 19 to 30 years of 
age It seems probable, however, that the values will prove relatively constant 
thioughout adult life 

METHODS 

Since the methods used have been described in detail elsewhere, they will 
be only commented on here Venous blood mixed with 2 mg of dry potassium 
oxalate per cubic centimeter was used for all determinations , this method is 
recommended because it is more convenient and accurate than use of blood from 
the finger or ear The blood was taken at any time of day, as m ordinary office 
practice 

The leukocyte counts were made by skilled technicians using Levy-Neubauer 
counting chambers and Thoma pipets An area of 4 sq mm was counted, with 
all the precautions outlined by Osgood The differential cell counts were made 
on Wright’s stained smeais on glass slides Buffer phosphate was used as a 
diluent The details of smearing and of staining are described elsewhere 

7 Garrey, W E , and Bryan, W R Variations in White Blood Cell Counts, 
Phjsiol Rev 15 597-638 (Oct) 1935 

8 Bryan, W R , Chastain, L L , and Garrey, W E The Leucocyte Count 
of Young Male Adults Observed After a Period of Rest and During Mild Activity 
in the Early Morning, Am J Physiol 113 430-440 (Oct ) 1935 

9 Schweizer, M The “Basal Level” of the White Cell Count in Man, 
Am J Physiol 105 217-219 (July 1) 1933 

10 Osgood, EE A Textbook of Laboratory Diagnosis, ed 2, Philadelphia, 
P Blakiston’s Son & Co , 1935, pp 409-415 and 430-432 

11 Osgood,io p 409 

12 Osgood, E E , and Ashworth, C M Atlas of Hematology, San Francisco, 
J W Stacey, Inc , 1937, p 8 



Tablh 1 — Total, Diffeicntial and Absolute Leukocyte Counts and Sedimentation Rates of Adults Nineteen Years Old 
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In all tables the number pci cubit inilliuietcr rcprestiits tbousiinils Keutropliil lobocjtes are pol> morphonuclears and iieutropliil rhabdocjtes, staff cells 



* 

o 




"5 


*5 


o 

*5 

1«a 

*3 

"2 

5 

yi 


O 

to 

'a 

o 

O 

3 

>-1 


o 

B 




o 


CNl 

(l2 

-} 

m 

H 


a 

o 


S« 


OOOOOlOOiftO oovaooo C^OO 


O W <M r-* OO O O IT' Ift ITS ifl I'D C3 O 

C^r-lC>OOr-<THi:5r-lO<N*OOOOOrH O'^^O 


O O O O O O O O O O O © O ^- O O 
lO I'' ©OrHCC©'^*-'l>C'l »'“©•! COUDrH 
W T-i f-» r-l C^ ri <D3 r-« r-i CD 


OOirOl'iOOOOOlSOO 0001^5 

T-«-«rC^lC- 5 ©i-Hfi^fi^r-tTHrHC 0 iDq rH -*^0 


'J> t-!^0 


© 00 o © 

© rH ^ © 


O 

O 

T} 


6 


© © © © © © o o © o o o © © © o © ©©© ©©©©©©©©©©©©© ©©© ©© ©o© 


^ ©©©©©©©©©©©©o©©©© ©o© ©©©©©©©©©©©©© ©©© 


w 

Q> 

•4^ 

^ J 

S'! 

o 


5 

pH ^ 

6 


©©©©©©©©©©©©©©©©© ©©© 


• rH 5 D I— 
©©©©©©©©©©©©© ©©© 


© © O © O 


©© ©© © 


05 rH G"! 


^ •^05C/305O©C0C^'‘D0D©05C0C0‘»?<i-it^ •hCJtH C0©C0C0©05C0'rj4M'^I>i-(O t*CO© ^h^S© 




> 

A 


tn 
't; o 

.Ctl 

|o 

|o 


^ VI 

7 o 
O u 1 

c o-< 
w 'B 
o o 


© u 


g| 




C 


O©-**c 0 ©CD 0 Dt- 00 O 5 '^ 05 l'“ 00 ©©© »'*'OI© 
05 r-( 01 »-Hr-l 0505 C 0030 DC 5 '^f-ff-tC-''‘DCO 


4 C>'^'*'i*^Lr'-^'ri* 0 ‘^^r^cD-rcir)(Moo ©t'-© 

^ CM rr CD 05 CD CD © OD 1^5 05 Ol CD CD '“^ © (M 


t-rH©©0©b“©C^©©©© T-H©© 

rHC-lrHrHeDC^ 05 ©ir'-rrr- 40 >© C^©r-< 


>ir©»HrHrHO C^©iH 


05 CD 01 © t 


a 

& 

rHl^ CD Oh^ C^rnS^CDOl*-' 

©© rH rH 05 

o © o © © o o © © o © O O © O © © ©©© C 3 © o © © o © © o © © © O © ©©© |> ©o ©©© 

g p 

O V. 


05 


e-5 


^ ©©©i-(0rH©pH©©©©©©0©© ©rH© ©©0©005©©1-I©05©© ©05© C ©© ©^1© 


oi«5 
^ - 




FLi _ 
tJ 


iftr»D©^H. r-c^,- 4 rHCi -^rHcr© 

O fH c-l ir © © © CD rr C-5 OJ O th rvj r- © 

© © © © o o © o © o © © © © o o© ©©© © © © © © © © © © o © © © ©©© ©o oo© 


CO CO CD 

Oe5C''©rHl^-*‘rH-'l'r-<rH05c^T— (©i-H-^ Oil"'© rHeD-H©^O?^C0©©CDt0J 05©© 05 05 05©© 


©CO »-> CD CO 

ri c^l rH © 05 

©©©o©©o©o©©©©©©©© ©©© 


©©©©©©©©©©©©© ©©© ©© ©©o 


^ ©o 5 ©ir'oo©©©©©©<M©©©© ®ia© 


©i: 30 ©©rH-rOtHiHi-l 05 05 rHl-^© 


•fi ia 

O O 

h o ■ 

39 


f s 

„ 

5 


-"T 00 © rj* o *rr' oo I- ■— 1 oO rH I*' o 05 © »D CD 

05 05 CD — ' CD C*' 05 C'^ Cv' 05 tr ir >J» IT lO — lO C5 


05 '^r'-©©©’i;©i‘*‘©-^©© 05 co©r- ir-Hj 

V>^ O 1-^ H-1 1:3 ^ IT* ITS ^ o C^ © W IT- »•“ -^D 


0105 l^t'- 05 l■^© 0 ^-©©^'l'- 
© CD C'^ CD 05 CD 05 I'' I> I'* 


©©©©C01^»-'©©©‘“*‘0'» 

ir'ir'©ir'’*He< 3 ir 5 c''©-~i'-i'-'‘ 


ir 

- 05 


5 D C^ © 

O fH o I-* o 


CD C^ 05 


10 I- CD lia i'' 


" O 3 


i-'05©C-t>-C-.COCOC-'5 05 ~''-^©CO'^05 ©OJiO 

— iira»*'u*'©©o©i-»i^r-i— r-i>t »©0 t-©*ii 




'-Hr>.coo 5 ©i^o 5 ©ir' 05 ’-*'io© ©© — 
i^iri-^^^ot^co©©©©© wou' 


- 5 s 

S © E 


g;oE 


^ C c 


r- o 


E n 

if © - 

c; C 


o 

c 

o 

C 5 


c 

cr 


109 



S 

§« 

T 3 

O 

72 


to 


si 

O 


c 
a> ^ 

o 




s 

33 




1 ^ 

E 

t» 


*2 Oj 

■l& 

S o 

«3 


O ^ 

O u 

a o ' 

O o 


o o J 
s cs 


“-5 


fc 3 

o 


*2 W 

•S-S 

g*>» 

O U 

*-< o ' 

S'® 

go 


fel 

^5 


O CO , 

^ 0 ) t-iS 
o*^ 

g >» P. _ 

T P P 

Q 


001^000001^3 OOOOOOOOi-^iftOOO 1*^00 oo 

•HrH^f^C^COr- ♦li 3 r^OOlCOClrH 04 rH<M^OrHi>^rH^C^ 01 l'^Ci^C«-i-HC'l 


OOO iro OO OOl'^OW OOrnOOtOl'^ I'iOlO O 

rHOrHOOrHO*-.r-«O?Hf-«O 0 OOi-*r-'OrHr-'OO'^Ot- 4 O 0 -rH 


OOOOOOOOOOOOOOOOOOOOOO 


oooooooo 


^ ^OOOOOOOOQOOOf-HOOOOOOt’-OOOOOOOOO 


wrHOOf-H^rHr-ir-*wpI—«T r-»MC 4 r '4 0 C^ 0 (?J'^(Mp 5 u 3 <NC' 100 c 3 

oooooooooooooooooooooooooooooo 


C'Tf-fr^MOCIC^lCJl— dl'»OeJO^^rHirr-'?'OWCOOO*J'COt^r-(CO 


e 0 W»' 3 *J’M-T'OO-rr--r»' 3 O-D 0 iO(»OO«>f^C'»f*C‘JOr‘JC‘/OQ 0 O 
f~< M W CJ O'! Cl CJ "O I-H C"! r-i rH r-4 cc CJ OJ e-l O'! O ©■* c-j C* M d CO Cl to r -1 


Sr 2 ^‘”’«^'^^L'“l'*CiOl' 3 aOOOO^i-<©CO^C 3 l-‘»-Op-«lOOOlO 


o g 


iftlOOO— OOOOfl h-I^J>»CO 

OO*^*^*— 'OOOOi-t oooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


^ i-H.-lClClCli- 40 «— O^^ClOOOOOOOOOOOOOrHrMf-Of-i 


■« C 30 »-i-H»- C 3 Or- 0 CM 0 *-HpHC 400 «N 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


^ CJC0»-^OCl»-'<MOO»“'rHC0lMC3OO«-'!ri-^MWCJCI*0r-*r-'-rC^0-'O 


O O O O O 

O rH O CC O 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


^ Oi-<e0ClOOOOO'-‘Oi-*OOOi-*OrHr-*OOC'lOCl©OOOOC 


coeooooi'»*ri“C 3 -t‘OM'cococi«-*oci'TO^>c^'^©^^''"’'°®^® 

rHClr-lde'lCCCOr-lC^dCOCl'^M'ClCI'^CCor'CO'^CICC'-rCOCCCOO 




-J^io.-ionoioiaooooaooooooocoi-t'-t't't't't' 


110 



ooooooo o too 

W I -*- t - CJ w *-• ,^5 C - — Cl 1 — o 


OOOOCCOOOO 
»— Cl ^ ^ #««j 


o o 

Cl 



1*^0 o 1'^ ir: o o I- o 

Or-*OOOOrM^»- O’-'O 


o I '' O O I '' o I *" O CO o •* 

IT r- Cl ^ © Cl © ^ 1 — I- ® 


on © o 

O T-( o «•“ o 


o ry) 

o © 

ooooooooo oo © 


©©OOOOOOO r -*^0 


oooooooo© ©oo 


cccieo - rO '^’ n '©’^ c^rio 


OOOOCOf - t - l - i-ClO 

Cl Cl CO Cl •r CO C 5 Cl e>j — ^ 


CO c*' -r CO ’*1' -r Co Cl •«* o c! 


C“ r- © *— 

oooooooo© oco 


t - iOCI *— »-<- rO © p-t 0—0 


§ 


OOOOOOOOO ooo 


O I** O O ^ Cl Cl r-t o © 


CO O CO 

©oooooo©© coo 


ooo — 0 1-0 


»“ 00 t' C5 r-i I-* r-. lx- C- o c •- 
■ — -revest- 


© O © Cl o »"■ — o © 

— * O — •r o © I - I - Cl 


i^oooci-f'ocicoci c-eio 
r ^ t - f - cOcoooo © c ) oci — 

£ c 
o s E 
^ c ^ 


- C 
> £ := 
<J »<i 


OOOOOO— ooo 0f-*0 


0 0 0 0 1-0 


o o 

— Cl 

o © o © o o 


& 

© o o © 


Cl -r O o 


r-. Cl Cl O f-. 


r -‘- rt - OC ^ C '*"’- l ' O 00 
Cl — Cl — C* Cl Cl T •-» 


Cl © 

ei — 


Cl © rvj 1 ^ ,-r 


o 

Cl Cl 


— r -. CO 


o on c- eo 

r - f - O © ^ 

c © cooc © o © o © © o © 

e 

o 


©©CICIC — O©©© ©f^io 


©OCOI-C“C/3 o© 

O CO O — O C-l f — C '' 

oooooooo©© ©oo 


coo — — — Clf-iC^O r-— O 


©ooooooooo ooo 


CO O «*“ O Cl Cl W CO © r-l Cl x> o 


^•-.^cr^^i^cooo oo — 


© CO — 


O O Cl — — o — Cl Cl Cl O -*! 
— o I - t - CO C * O c - — 


a :: 
^ o 
«3 ~ 

fc» ^ 

Cj 


© o to © 

Or- o o 

O O 0 — 0 


Cl Cl 

o o 


?. S -' 

OOO 


CO — t- 
c- 


f-i © 


c ** © — 

I- Cl © I- 
Cl -I Cl — 


o 


c 

« 


o o 


I- »• 

o © 


© 

o o © 


C Cl o 
o © ooo 


o © I- 
© ©CO 

© o o o © 


© Cl r- -O o 


© o ^o o 


© © w 91 © 

© f - I - — 


C- s 
= 


111 


Vo footnoti tiiblo 



a a 

2 ^ 

cs 

^ o 

J 

c 

^ S 

in 


O C 

O U§ 

O ^ 


lOiaOOOOOOOOOOOWOOOOOOOO'O’Oino OO © 0^-00 ©© 010 ©©©OOCO ©0 

rHr^C 0 C 0 •^<^ 3 (^J'« 1 fr^©e^^ 500 r-t(^^©^rH(^JC 0 Or-^r^M^el 1 -^Cwe'^^^J''<^-O^- iTiOrH ©C 0 M*C 0 ©©Mir 3 00 ,-iOCO 

^ ^ ea*jic<l C-Sr^rHCO 


loi'Tiaoo 1 - 5 1^50 laow ir-iT'c^iau'airsoiAioooo oo oooo o©mio©oc>©ot>-OL '3 

OOO^rHOOrtO-JOOOOOOOOOCOOOrlOrlOC-r-lOO r, -O rHMO CSMOOrHOMCJCO (MClO 


S »n £i ^ M 1-5 W 

© O © O O OO © © © ©O© O O© O O © O© ©O© ©OO © O © o OO ©O© ©©©©©©OO© ©o© 


© 0 ©©© 1 >©©© ©o© ©O© © 0 ©©l>. 0 © ©©©©©©©o ©O© © 1 >© ©©©©OO©©© 0 ©c 


t*CO tHO© 
^ ^ 1> O rH 


©t- 00© 
t-( ei r-< "O o 


©© ©OO 


or-© 

©© ©t-o 


I 


© © © © © © © © © © © O © © © © © © O © © © © © © © o © © © © o © ©o© ©O©©©©©©© ©O© ©O ©OO 


tHe^c^co-^‘*o©MNMc 5 t«-©eocoo©©©<M©M©e'it-.©^ — -sr-i — c© ©«^-ji©-Ht-.©-^aD ©©- 


rH t» 

O — » © o 


g 

O ©JD©*-*Wi-'^e^©©©e 3 r'- — — t-»'*'C^©C'll'- ^©^Cl'*'!©©©— 0 ©©C 5 ir 5 ©tHOM ^I'^CO 

p_j S'! O'! **•1 r-* nj nj *>1 ^ e-l ^ C-l CO CO Cl e-J *^1 to '^1 <M “O C-J "*1 — t-t « Cl CO CO rH d rS CO Cl CO i— t Cl C 3 C 3 i-i 

w P 

o O 

* 3 .“ 

2 !>• tH t- -H 

>* -OOiio':©C 5 r- — coO'*^r-©coccc«i-jD ©©c 3 cocir-©o©-«M© co-Hi^r-OT 

^ ^ — iTlO^'Cl — CO 0— — 1— .— X^O^^ICO— '©Cl-'— — — '•'ir- C^Ori ''>cS — OtCclC^ClCO — l-'Cl W© ©©1-4 


© '''I i-r-r-co©© ojr- ©© o 

w oS ©©©©©© © — — r- ©»-* O »- Or~t Q O© ©rH 

3-^ Cj ©©©©0©©0©©0©©©©©©©©0©0©©©©©©©©^©© **•©© ® ©9©©©©©©© ©©© ^ ©© ©OO 

■H .3 r =5 g 5 " 

pi « >1 

[ 3 j — **" ci’^'^w*** 

” ^ 0'^lO©©Cl©0©©©©©i-(i-i*-iiHi-»f-'©©©rH©Cl©©©^© — ©©©Cl© ©©H©©©©©r-(©iH© g©©®'^l© 


Cl M 


1*^^ LOi'^t-'^©© 1.0 r- 00© ocor-OT-oocr;©© — -CO jri- IT, SSSS^SS 

— CO gg O — »-i*-^ClC0 -o — — Cl — © O© r-o — — ©©©— rH — — --j ©,-i CJClT-©Oi-Hr-iC1 r-*»-t»-'© 

^ ©©©©©©©©©©©©©©©©©©©©©©©©©©©©OOO©© ©O© ©OO©©©©©© ©©© ©o ©o© 

3 

o o ^ 

cos 

to 

O O — ©^51 I- 

vP r- 1 ‘^ClC 1 UOlO®©©CJCl'‘© 0 ''lr-©©»-<^C>©Cli--'' 1 *'‘ll^^ — — r-©i-i»-tl-© r-*C *'0 — ©'Ni-'iHr-lr-l— © rli-Hr-H-O 


o ^ ^ o © o — — o'" S 2 oS O© 

©©©©©©©©©© 0 ©©©©© 0 ©C©© 0 ©©©C>©C»©©©©© ©O© ©©OOOOO©© ©o© ©o ©o© 


C<& ^ 3 

O O (j 

t--OS ^ 


o ^ 

"^K ^ 


u ^ 

»5 o f'Si 

2S Ph 

O o ^ 


® CO ® 

.2 

!_ o C 


©Cl©r-Cl©©r-l0©U-'©rH©0000©W©©©©©©©^©©©^^ ©O© 


^ lO rH © 

Or-lClO©ClClClr-t rHd© ©»-< ©^© 


— ct’^O'^o — ©’'^ici-f*''5'L'^ — — — lp — 'viT'ir^'^'o — » — » i-co — ©i-i 


d © ITS 
-t* ifi — © Cl 


■>©gd©©"d©©g©^— S^co 


r-oor-©©© — — u-'©©©© — -TO©©©©©*'^'^i*^^o>ci©^©^'^ 

^i^io»o>'~'©©©o© 0 ©i'-i'-i'"r-r-r-i'*t— r-©coco©co©^^©©®^ 


©©i-*Clt-©©Cl© ©o© 


112 


SCO footnote, table i 


0 

5 

1 

t-* 


«0 

«;) 

•*^ 


2 

•w 

Q 


"2 

5 


< 2 ) 

U 


r^ 

U 

O 




§ 

*2 

5 

t3 


'i) 

•-«<r 

<3 

i 

iO 

W 

iJ 

PQ 

< 

H 


a 

0 
•* 0 * 

5 <y 

a%- 

1 


o 

O 


u ^ 

tD 

OJ 

s 

s« 

s 

05 

>i 

o 

a 


>1 

o 

o 

*E' 

a 

>t 


•2 

a& 

o o 

s-s 

^ o 

« J 


2 c; 

g*^ 

O c; 

e o- 

OT *5 

§3 




« 


OJ 
^ OJ 

n o 

o o ^ 

*-*23 *< 
O « 


« cn 

O o 

ut o ■ 

3 -° 

So 

55 


0000000 1* 00 00 1*0000^* 000*1000 T— oo 

,-( T-t r-i I— (M 1 * *— *- 11 " O ' — Ol O r-t r* O 1 ^ *1 cl »— r- *1 ^ ** *1 i-( 


^ o t* o 1 * o '* 1 * I* o o I* 1 * o 1 * 1 * '“ o I* o o o o 1 “ CO o 

^ r-lO0(M0.-.O00r-*-f-i— OOtlOCOr-Oi-if^elO OCIO 


oooocooooocooooococoooococ oco 

6 


(MOOOOOOOOOCCOOOOOOOOOOOOOOO ooo 




pri; (MCoi-^COr-jfMr-'OO*^ 


•r <^0 ^ 


oi^cr© cr-ro*:* co 

r| (?J O .o f— t- w C X- 


Oo©c 0 © 0 ©®'=^®®'i^® 0 ® 2 >© 0 © 00 © 0©0 oo© 
Q 


^ o «o o v- -• C-l 


xM»-^ir-ri‘*''~'c*^i-*co©f'ic^©i^ -tCTO 


5^ 00©«0*rOT'©G-l»-f©‘*’'COClt-Oir'iO«-*»— Ml— ©O© ^©O 

' f-l 6-5 i-( Cl C'l rH CJ Cl Ol f-H »-i Cl c- O'! 04 ' Cl -r r-> 


^ Cl -I c-' ir © T ^ "T* ^ P* ^ C-* •" Cl T — »r c** CO T c* ir *— 


a 

n 


o 


© © © © © 

o 



^ ©pHOOOClCOOOCT-OOOO'-rHCJOOOrsOOO OC^O 


IP I*** I-* i>m © "-r r-x Cl t-* © »• o T © I-. — I m r-* rn 

OdO C'' ©T-t ^ Cl<s r-Cli-'“C “0 ©Cl© 

W ©©©00©©00©©©©©00c©©©©©00©© ©o© 


5 


^ ©»-ll''r-'©l^O©’-'C4O©OC*Q0OClC5©— 'r-©X»-©tO CIO© 


E 


© •»* cr CO C“ © 

©^ ©O Or- 

0©©©©000©0©©©©©0©C©©©0©©0© ©cg 


o 


^ Or-lr-^C^C^OO — ClOOOOe^OO^OCO©©©© ©©© 


a 

O 

^3 

o 




rH0©ClC3 0i-^C“©*~©©e“©'— 'OOC- 
rCCTr-ie^ClCJ^'^’l'^Cl.— -"l- 


0©oociC'3o:)-rc''C'QC"r»i^r-*^ 
i-©C5©-rccoir''^» '^ci — ©t-. 


© O Cl ^1 Cl -»• r- 

— > ^ 1 -* 1 -* I- l>“ 


•— •r © 

I- ^ 


O CO tH 
^ o fc-i 7 

5 >» ©„ 

5 


0 ©ClClc--"Cl’-’COCO©© — ©©Oci'-© 0 »'^© — t^Cl ^ci-* 
©©©©i-ir©©©©©i-*r'“*'»t-a)co©©cc©©^'-ci i-d — 


^ s 
tr c 


113 


Vo footnote, taWo l 



Table 6— Total, Dijfcicnttal and Absolute Leukotyte Counts and Sedimentation Rates of Men Tzventy-Foui Yeats Old* 


a 

O 

4 ^ 

C3 

^ O 

g 

*5 

V 

CQ 


a 

XJ 

o 

. 

t4 

tfl 

o 

c 

tii 

Q 


o 

s 


o 

B 

►A 


S' « j 

m3 


r- 03 

s ^ 

O w . 
C 0-? 
In 

O o 
W»^ 


s-Ss 

=1 

^ 5 




-C ^ 

0&, 


ooo<5»'^ooo Ol^'O cooo 

0 -c'.COrH»-H»-HrHOr-«MC^r-(i-Hir 5 ^COrH 


O r-t ^ 


O O CO o 


e-,-lOC^<Ne^OOOOi-t©C>«.'-0<MC“J 


E 

R„ OOOOOOOOOOOOOOOOO OOO 

6 


^ OOOOO^OOOOOOOOOOO OOO 


‘-»W^-'^r-.CD»*i'-**'^£^W!?»5COCOOO r-lO® 
e^COrHCOcqiOrHC'JriCJO'-^'^f^rHi-tw eCCOO 
OOOOoOOOOOOOOOOOrH 0^0 


t> 1*5 o -5 i.'i •-» CO ''I c'S i-t o ei fH *-f 


E 

oei^cor»coc5'^0'-'i-^co»'3L'5cJw*»j< o^-oo 


vO Cjocs 


5 

u>^ ifi 

O <1 o 

f^ = 


g © ^ © W © C'J 

©©oo©o©o©©ooo©©©© ©©© 




O e-i o 


E 
g;? 
M „ 

6 


•M o 

0000©000©0©0©©000 ©o© 


^ ^ o © © C5 © '“I ^ 


c 

3:i 


CO ^ t- © 


©©©O^OOOOO©©©©©©© ©oo 

6 


^ o CO o o © 


©©©©rHO©OOT^ ©eo© 


E C-, 

fcjg cooo.^^tso'^o-.rccMO-i-M 

PL|__ ’ -S'OI 




O m .5 

“ gS CO -f «J 

5 !>.P.„ 

M" 6 


-rciPtoQoOO-c'a®'-'®”®®®”; 


CJ 3 

“ E 

>a 

< 


114 


Sco footnote, table 1 



g ^ O O i.'^000c>0000ci-'^000»''000ooc> 
ti r-» r-^ 

o 

E« G 

JS ^ 1^ O OOL^OOO'** IT- isOOO-lli^i'SODO 

o ^ O0-,-,cw.O’-<»-'C>C-'JT-4»“tOO©0*-*C‘Ji-'^OOO ooo 

02 


*p s 

Ci«*=5 —I o 

•g oooooooooooooooooooooo ooo 


S t? ©ooooooooooooooooooooo 0^:50 

(5 I 

E 

g fejs r:?3sr, s^’g?5:”;:ss&’?Js~i;?3asg§ SSS 

OOOOOOOOOOOOOOOOOOOOO'-i OriO 

gj s 

c 

o 

^ ts ^ 

O O iT liS « M O 05 Cl CJ — * I- e*^ IT' t-< c-s O Ift Cl 1-H 

^ rH t-i r-* 


V3 t-i »-3 

o Ci:‘ir'Ot^-L'5*^00<-»C«i«fr5*^tOClCC-i»^l-r-*|>C^V?'»-4 •mIT'CO 

OrHMC5'^C^r-(CCOC^C-l04f-»COr-iC^i-<'^C5CO»-*Ol ClC^O 

o O 

JZ - 

o. 

s ^ 

>» C5h-*^©a30Qr3C‘<a©E-C^'^1CC-^->---©'-^0r-C?5 -«COf^ 


E 

^ l-t? © © © -*-< I'i D1 U'5 

_gOf=i OoS Wr- o — 

— M„ oooooooooooooooooooooo ooo 

o 

O Q *v 

,5 o 

w ^ * 

^ 0000'-<rtO'-i0Ooe>©M0O0O0©00 0C3 0 


— m ”‘ 5 ! 255 x''^ W0e<'t~t-J5000 ej o c»— cc 

~S — ooo-H .^cjoo — p"" — ' oe-io 

•S -w oooooooooooooooooooooo-^ Ot—O 

o & 6 

C 0-) 

“•S 

o o 

t - . ^ C^' 

^ C-OC5C* 01 ei O-^OOIOOO OlOO 


to . E 

•- *-'52' CO © Ol 

-H © --0 00*-H 

Oo ^3 oeoooooooooccooooooooo ooo 

P O 

i^'S 1 

s s 

K ^ 0©0©©ciCO*-*COOOOOC‘l©rHOOiHO OCIO 


— jr Or5 X^05C5C0^'CO©l'»I^r“03C5'-*M©©— '©r'O© So*- 

S' ^ o 

O O ^ 

*-* O 'S 

3'^ 

o o Cl 

1-(OOc0»■~»‘^•^‘“■crC^—*05©©C0^• Cl©*— ©toi- 


^ e= 

^ o i-« rs 

*±^ 

g >> &_ 
^ o — 

^ o 


'-—'COCO — 


— ' — cocci©irc 5 t^©©c:Ococo oco — 
© © © I- t- t- r- 1 - !>. to CO CO O I'- O — 


U 71^ ^ 

c = 3 


115 


'■(.0 footnote, tatilo 



4" 

*« 

0 

s 

Cs 

I 

Cl 

r> 

to 

1 

•4i^ 

Si 

bn 


o 


to 

B 

«o 


O 

Cj 


<0 

o 




c 

t«5 

B 


Q 


c 


u 

vj 

» 

< 

H 


'3 


Jh 00 o 00 oooooira ir*ooo o »‘“oo 00000 

e4iHe-r-li>--^C^CwOr-«C4t^«i«tTHC?-rHCOcqo^C«(MO-{Mr-(iHe-^i-Cl 


2-! 

tl] 

u 

3 

Oi 

5 


o 


— « 
^ o 

*S. ^ 

li 


O zj 
G O* 
cq «G 

ss 


CQ 

a& 

15- 

=■§ 

Cj C3 


« cn 

■=S 

p o 

*3 ° ■ 

g p 


PM 


fM 


o 00 000000 O (M O 000 00 I'- o 

OC^rH0-.i-HTHC<-.^-,oOrHTHOC^OT-lOoC^OCwr-f-tO~r-tO Oi-JO 


OOOOOOOOOOOOOOOOOOOOOOOOOOOO 000 

o 


^ Ob-OOOOOOOOOOOOOOOOoOt^OOOOOOO Ot-O 


feS S222l!^£2S^S3225SSrJ22S:: ri oco-?*cj^oc»c' ooc^t 

Wp oooooooooooooooooooooooooooo 000 


^ CO’4'OCO’r*fCOOC''ir‘t"-r^OCIOQOC-JO 


C^-f»rO"fflC‘IO-"r-''^ P-C'O 


<yr5 c0rHOO-->cioc‘croi'*-rQ0OC5'^5Oe'iO‘“‘Oi''O-t''^Cii'-o & r>-o 


CO W W Cl C3 Cl Cl Cl r-i Cl ej CO fr) “J* Ci fr'j O') »r CJ •ir 0-5 C"' -?• 03 


C1COMl"-‘^QOOOOOC3^-C5X-rOCO — COCIOO'T'Oj-/: f— CO'^I 
^ -jt O L "n* T o ~ -r Cl CC CO »o o "T Cl o* “r I"' Cl ■“ 61 • -r ci t o ci 


■as 8 

OOOOOOOOOOOOOOOOOOOOOOOOOOOO 000 


^ 0»-ti-N0i-^000r-(^C10C*0«-'00000f-*00»-'00»H0 0«0 


t-*:- 1-5 r-fCI coo I-^I5 0»‘^COOCOOOOO OpQ^M^O 

cjrt O O r-*^ i-Mrifoi-^CI’^Or^^^O CIClClClr->r— C3 

pL|^ OOOOOOOOOOOOOOOOOOOOOOOOOOOO 000 


^ i-HOrHOClClOC3.-iOOC'3C3l»C'3COC3i-tClC'3Cl^©C-ClClfrl*-‘ 


O 

o 


-f 000 I'- Cl criSr^^ss 

O OOOO'^I o^—*^ oc- 

oooooooooooooooooooooooooooo 000 


^ rHOOOOr^r^O 


O.-lC0OOO©OOriO-rOC3-rOOOO O-t'O 


coOcOM-a)Cir.Oci-ro*"'r-iocoi^cQO-'W«'--M‘'^^;«r' ^SS 

5'*^ ^ ^ ^ . IN-. C-, rc 1 - irs Cl CC O -r O LC co t- rn 


p_j cirHt-(CiC3c*c3cieO’-**''r’i‘*«r'-rc-‘Ccc^coir 

6 


^ SS1S:;?S§5?5S35SSi3"“£?SSS?§:J!--SSS f-Jl-sa 


O m S 

O 


•^OO’^OOOO-l'WOOOOC^irsoOl-O 


Pi^r^ClOOOOOO'-t'CO 




OOOOOOOOOOOOOOO 


£ S 

0 3 S 
^ p 2 

p B 

S S a 

■5 s a 


-.a 

p 


116 






117 


''CO footnote, talilo 1 



Table 10 — Smimaiy of Total, Diffacntial and Absohite Leukocyte Counts and Sedimentation Rates of Adults Nineteen Yeats of Age and Ovet 
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In making the differential counts, 200 or more cells were classified according to the 
criteria described and illustrated in the “Atlas of Hematolog^,’’ care being 
taken to study only portions of the smears so thin that the akarjocjtes (er\thro- 
cytes) were not touching each other The absolute leukoc 3 te counts were cal- 
culated by multipl>ing the total leukocjte count by the percentage of the particular 
cell type Plum gave data from wdiich the probable error of an> of these 
determinations may be calculated 

Ihe sedimentation lates were detei mined on the same samples of oxalated 
blood, a Westergren pipet being used and readings being taken attcr fittecn and 
forty-five minutes Experience wnth o\er 80,000 determinations b\ this method has 
shown it to have the advantages of the graphic methods and to be simpler and 
quicker 


Table 11 — Staitstical and Smoothed Means and Ranges fo) Total, Diffejeniial 
and Absolute Leukocyte Counts and Sedimentation Rates 
of Adults Nineteen Yeais of Age and Ozci 




Statistical 

Probable Error 

Smoothed 




Mean 

Distribution 

Mean 

957o Range 

Leukocytes* 

Per cu mm 

7,410 70 

1,145 ± 23 

7,400 

4,000 n,coo 

Lcutrophilf 

% 

54 3 ^ ^ 

7 1 ± 0 2! 

'4 

33 73 

lobocytes 

Pei cu nun 

4,0s5 i; GO 

Skew 

4,C00^ 

1,5C0 7,")CC§ 

Xcutrophil 

% 



l*t 

0 5*: 

rhabdocj test 

Percu mm 



;o 

0 200*: 

Eoslnop'iil 

% 



0*4 

* 

oG*: 

lobocj test 

Per cu mm 



ro*: 

0 400*: 

Baeopliil 

% 



o:t 

02t: 

lobocj test 

Percu mm 



30tJ 

o2oot: 

Lj mpbocytest 

% 

37 7 ± 0 5 

7G±02 

S3 

15-CO 


Per cu mm 

2,782 ± 39 

Skew 

2,750 

1,000 4,300 

Monoev test 

% 



4*: 

09*: 


Per cu mm 



coot: 

oscot: 

Disintegrated 

% 



3*: 

o7t: 

cellst 

Per cu mm 



to 

* 

oeoj*: 

Sedimentation 

15 min 

Skew 


sot: 

0 3 3 ot: 

rate 

45 min 

Skew 


loot: 

10 coot: 


* Applies to persons 19 jears of age and o\er 
t Applies to persons 20 jears of age and o\er 
J Applies to persons 8 to 14 years of age 
§ Applies to persons 4 to 7 and 15 3 enr« of age and oier 
II Applies to persons 15 vears of age and o\er 
11 Applies to persons 4 vears of age and oaer 

RESULTS 

Tables 1 to 9 summarize the mdnidual results for the total, difter- 
ential and absolute leukocyte counts and sedimentation rates for each 
age and sex group On examination of these tables and the scatter 
diagrams it is evident that there is no significant difference with age 
or sex wnthin this group, so that it is justifiable to summarize the results 
for the entire gioup, as has been done in table 10 This table gnes 
the averages and extreme ranges For clinical purposes, howeier, the 

13 Plum, P Accurac\ of Haematological Counting Iilethods. Acta med 
Scandinav 90 342-364, 1936 

14 Osgood, p 430 
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most useful lange of normal values is not the extreme range but that 
which will include about plus or minus thiee probable eiiors, oi 95 per 
cent of healthy peisons In othei woids, if a lesult in a peison of 
this age group falls outside of this range there is less than one chance 
in twenty that it is normal foi that person These 95 per cent ranges 
aie summarized in table 11 

COMMENT 

The piopoition of lymphocytes is liighei and of neutrophil lobocytes 
(polymorphonucleais) lower than the textbook figures The probable 
explanation for the retention of eironeous figuies in the textbooks is 
that these figures lepresent fairly closely the usual counts of patients 
sick enough to be attending an outpatient clinic or to be hospitalized 
but who are not sufteimg from a generall}^ lecogmzed cause of marked 
leukocytosis The dangers of using such peisons as noimal subjects 
are obvious 

In this age gioup the leukocyte count is lowei, the neutiophil pei- 
centage is higher and the lymphocyte peicentage is lower than the 
corresponding figures foi 3 ^oungei persons ^ It is of intei est that the 
absolute number of neutrophil lobocjdes (polymorphonuclears) averages 
4,000 per cubic millimeter for all ages from 4 to 30 years except for 
the age group 8 to 14 years 

The sedimentation lates foim a skew cuive, \Mth the gieatest number 
of determinations falling in the lowei ranges It is probable that the 
rate of 15 mm in forty-five minutes, which includes 80 per cent of 
the results, represents the strict upper limit of noimal values and that 
the highei rates are due to mild chronic infection in the tonsils, teeth 
or sinuses not detectable in the loutine physical examination 

SUMMARY 

Theie are no significant age oi sex differences in the total, diffei- 
ential or absolute leukocyte counts oi in the sedimentation rates in 
persons 19 to 30 years of age Table 11 gives the data which should 
be most useful in intei pretation of each of these deteiminations in 
persons of this age group These results agree well with those reported 
by Galambos m 1912 but diffei fiom the figures given in most textbooks 



LliMITATIONS OF BIOPSY OF STERNAL MARROW 

E V KAKDEL, MD^ 

AND 

G V LeROY, MD 

CHICAGO 

In lecent }eais clinical hematologists ha\e devoted consideiable 
attention to the cytologic stiuctuie of bone maiiow lemo^cd at biops} 
Published accounts of then expeiience vaiy gieatly in enthusiasm and 
in detail Sufficient contioversy suiiounds the entue subject to justif} 
a leport of our expeiience at the Umveisit} of Chicago Clinics and m 
the “Medicine A” seivice of St Luke’s Hospital No attempt will be 
made to leview oi summaiize the entiie hteiatuie, and the papeis 
lefeiied to aie those that amplify, contioieit oi illustiatc oui own 
opinions 

Maiiow' foi study has been obtained chiefl) from the tibia and the 
sternum, the latter souice was most fiequently chosen Peabod) ^ and 
Noidensoii,- as w^ell as otheis, have shown that the functioning maiiow 
lemoved fiom difteient bones tends to be similai In fact, the piimc 
justification for selecting any single legion fiom wdnch to take biopsy 
mateiial is the assumption that it is lepiesentative of the hemopoietic 
system as a wdiole Tw^o technics foi obtaining marrow aie common!} 
used One lequiies the lemoval of a button of bone with its undeihmg 
maiiow by means of a tiephme Usually moie mariow is cuietted out 
wuth a spoon The button is fixed and decalcified, and sections aie cut 
and stained The cuietted material may be similarly tieated, although 
usuall) sineais oi “touch” piepaiations aie made fiom it Tnteipretation 
of fixed tissue is somewhat moie difficult for the hematologist, because 
the cells do not look quite like their counterparts m the con\entional films 
of peiipheial blood stained wuth Weight’s stain or a related stain On 
the other hand, cellulai lelations are maintained, and an estimate of 
the cellulai ity of the tissue is easy and moie accuiate Ihe entire 

■’ Douglas Smitli Foundation Fello\\ 

From the Hematology Clinic of the Uni\crsit\ of Chicago Climc": 

1 Peabodj, F The Pathology of the Bone Marrow m Pernicious Anemia 
Am J Path 3 179, 1927, A Study of the Hyperplasia of the Bone Marroyy m 
Man. ibid 2 487, 1926 

2 Nordenson N G Histologic Quantitatiye Studies of Normal and Patho- 
logic Bone Mairoyy Hygiea 96 193, 1934 
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surgical pioceduie should cause no discomfoit It ought, howevei, to 
be perfoimed undei strictly aseptic conditions, as in a regular operating 
1 oom 

Removal of biopsy mateiial by means of a needle or a tiocar is easiei, 
can be done with less appaiatus and need not be peifoimed m an 
opeiating room, although an aseptic technic should be followed Our 
piactice IS to use a shoitened 14 gage spinal punctuie needle with a 
firm finger giip and a stilet Aftei inducing regional anesthesia with 
a 2 pel cent solution of procaine hydiochloiide, ^\e introduce the needle 
diiectly through the outei lamina of the manubiium oi body of the 
sternum We can see no advantage in enteiing the marrow cavity 
through the aiticulations The mateiial to be studied is aspirated by 
gentle suction with a small s>ringe, and as small an amount of marrow 
as possible is removed We stop suction when blood appears in the 
syi inge , the contents of the needle and its hub amount to from 0 1 to 
0 2 cc The aspiiated mateiial ma} be placed in an oxalated oi 
hepaiimzed tube, cell counts and smears being made at one’s leisure 
The total cell counts aie so variable, depending as they do on dilution 
with cii dilating blood wdien laigei -volumes of marrow contents aie 
aspiiated, that we have stopped doing them (SegerdahP has shown 
that in noimal peisons the standaid deviation of the total white cell 
count is fi om 40 to 50 per cent of the mean , hence few' counts will be 
significant ) Wo. make diiect smears of the mateiial on slides befoie it 
coagulates and lely on oui judgment for an estimation of the cellularity 
Fat dioplets aie easily seen, and their presence oi absence influences 
considerably our inteipretation of the state of the maiiow Our smears 
ai e stained wuth right’s stain oi May Gi unw'ald-Giemsa stain 

The marrow having been acquiied and stained, the difficulty of intei- 
pi etation ai ises It is oui custom to designate the cells according to the 
terminology of Dowmey Tlie sineais should be studied generally at 
fiist, notice being taken of the cellularity, the amount of fat, the pre- 
dominant cell types and the piesence of definitely abnormal cells or 
parasites, if any A ciude estimate may be made of the ratio of white 
cells to nucleated led cells In geneial, this suivey supplies one with 
the most infoimation Aftei this it is oui custom to perform a differ- 
ential count of 500 to 1000 cells, using seceial poitions of several 
smears Neither of these phases of the examination should be done by 
laboiatoiy technicians, but if the clinician is too busy to perform a 
diffeiential count at least he should study the slide with considerable 
care The chief value of the differential count is to confirm one’s 
impression about predominating cell types and to establish the leukocyte- 

3 Segerdahl, E Ueber Sfernalpunktionen, Acta med Scandinav, 1935, supp 

64, P 1 
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er}i:hroc\te ratio Comparison of the differential counts \Mth ain of 
several tables of normal values at once brings out the confusing fact that 
the noimal is variable In table 1 are listed four such standards ^^*e 
have tianslated (conectl), \\e hope) differing nomenclatures into the 
one we adhei e to W'e wish to caU attention pai ticularly to the noi mal 
\alues listed by Segerdahl, whose woik is not iMdely enough known 
Slie treated her extensive data on normal values statistically, and in the 
second column of her figures is given the standaid deviation She 
demonstiated that unless the actuall)' obsei\ed numbei of any cell senes 
IS greatei than her mean plus three times the standard deviation oi less 
than the mean minus three times the standaid deviation it cannot be 


Table 1 — Not mal 

Values 

Accoiding io 

Scvctal 

Obset vets 



Segerdahlf 

* , 

Standard 

Irinkin, 

Young 

and 

Osgood, 

Vogel, 

Erf and 
Rosenthal, 

Cell Ijpe 

Mean 

Det lation 

Yterage 

Aterage 

•Vtcr ige 

Myeloblasts 

1 32 

0 37 

1 7 

0 i 

1 0 

Promt e!oc\ tes 

1 35 

0 70 

1 9 

12 ? 

21 3 

Neutrophilic mtcloej tes 

15 0 

3 70 

G oj 

OS $ 

Eosinophilic mjelocj tes 

1 37 

0 03 

0 05 


07 

Neutrophilic mctamyelocj tes 

15 09 

3 22 

2 4 

IS ] 

02 

Neutrophilic stab/band forms 

10 4S 

3 73 


25 0 5 

Neutrophilic pol\ morphonuclears 

20 SO 

3 47 

46 0 

13 3 

34 0 

I'osinophilic polj morphonuclears 

1 44 

0 77 

23 

04 

09 

Basophilic poltmorphonuclcar' 

0 14 

012 

033 

01 

07 

Monocj tes 

1 07 

0 02 

3 7 

2 1 


Ltmphocj tc= 

Erythroblastic senes 

10 70 

4 77 

11 9 

100 

S C 

(ali nucleated red cells) 

12 S« 

4 -O 

12 7 

14 1 

S4 

Histiocjtcs 

0 03 

0 07 

♦ 

4 

4 

♦ 

03 

Megaknrjocitcs 

Plasma cells 

0 03 

0 39 

0 05 

0 35 

o ST) 

oc 


02 


’ Scgcrdnlil 3 Annkin, A Die intrnvitale DntcrEUchungsmcthodiL des Knochenmarks, lokn 
Ineinnt .IS 233, 1029 Young, R H , and Osgood, E E Sternal Marro^^ Aspirated During 
Life Cjtology in Health and in Disease, Arch Int Med lEC (Eeb ) 1933 Vogel, P Lrl, 
L A , and Rosenthal, ^ Hematological Observations on Bone Marrou Obtained bj Sternal 
Puncture, Am J Clin P ith 7 430 and 49S, 1937 

t Segerdahl’s data are based on a group of 32 men 
1 Included uith the monocjtc= 


consideied significant!}^ abnoimal Paiticulai attention is called to tbe 
large size of the standaid deiiation Segerdahl s figures cair} w’eight 
because of the laige numbei of biopsies of normal tissue that supplied 
them It ma} be stated that her expeiience ivith normal tallies is 
close!} paialleled by oui own 

The great t ai lability of the normal w hethei expressed as the ‘Standard 
detiation or as the lange, makes it impossible to place an} reliance on 
subtle changes in the constitution of the mariow' as seen m piepaiations 
obtained by sternal punctuie In addition to the changeabiht} expressed 
so impel scnalli 1)} statistical methods two oilier souices of vaiiation 
are seen One is the conspicuous difference in cellularity of the seteral 
slides made In too thick pieparations onh the peripheral portions 
stain w'ell enough for eas} identification One also frequent!} sees large 
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aggregates of mairow cells which ma> be disci ete enough foi counting 
These clumps generally yield diffeiential counts at variance with the 
counts obtained from more homogeneous areas Although accurate 
counting of such groups is difficult, we have leason to believe that such 
masses are more truly representative of the actual state of the mariow, 
and we seek them out The other souice of variation m lesults is the 
unconscious and purety arbitrary selection of certain regions of the 
seveial slides for counting It was curious but not surprising to find, 
when we reexamined our material and recounted the cells in prepaimg 
this paper, how great was the disci epancy Fiequently four difierential 
counts were recorded, all considerably different, and although they weie 

Table 2 — Results of Foiii Dtffci cutial Counts of Stcina! Alanozu 


Counter 


Cell T\pe 

Jlj eloblasts 

Promyelocytes 

^eutropllIllc myelocytes 

Xeutrophilic metamyelocytes 

Neutrophilic band forms 

Neutrophilic polj morphonuclears 

Eosinophils, all tjpes 

Basophils 

Lymphocytes 

Monocytes 

Basophilic erythroblasts 1 

I 

Polychromatic erjthroblasts 

Orthochromat c erythroblasts j 


E A K 

G \ L 

E 1 Iv 

G \ L 

1 j 

OS 

0 S 

10 

3 5 

02 

0 

1 0 

i 5 

S2 

36 

10 0 

3S0 

23 S 

22 5 

IT 7 

32 0 

12 5 

ns 

22 6 

40 3 

20 2 

30 2 

3S9 

0 

02 

06 

20 

0 

0 

0 

0 3 

10 

OS 

00 

0 

0 

0 

0 

23 


1 0 

04 

03 

90 

[ 22 4 

[ 92 

81 


1 

J 

1 0 


* These counts were performed bj each of us on the same material Examination of the 
peripheral blood of the subject on the daj biopsj ^^as peiformed revealed the follovung 
values hemoglobin, 10 9 Gm , red blood cells, 3,900,000 per cubic millimeter, and white blood 
cells, 22,200 per cubic millimeter The differential count showed 5 per cent polymorpho 
nuclears, 7 per cent lymphocj tes and 3 5 per cent monocytes 


not mutually exclusive foi diagnostic purposes, this disci epancy has 
caused us to look with some suspicion on reports of woi kei s v ho recog- 
nize subtle diagnostic patterns in their differential counts of sternal 
mallO^^ In table 2 is piesented an example of oui experience m this 
respect The patient had lecently lecovered fiom lobar pneumonia, but 
a high leukoc}te count peisisted for no obvious leason The mariow 
was considered normal, and in several months the leukocyte count 
returned to normal levels 

If considered alone — that is, without the other clinical data — and 
frequently even with it, the results of biopsy of sternal marrow can be 
misleading Brief abstracts of illustrative cases are presented, and the 
differential counts for the sternal maiiow and the peripheral blood foi 
the same day are listed m table 3 
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REPORT OF CASES 

Case 1 — A 54 year old man had severe unexplained anemia There ^\ere 
generalized enlargement of the lymph nodes and moderate hypertrophy of the 
liver and spleen Two biopsies of material from the lymph nodes disclosed 
only simple hyperplasia After the repair of a rectal prolapse and administration 
of copious doses of an iron compound the anemia gradually improved, and the 
patient stopped coming to the clinic 

Case 2 — A 59 year old man was known to have had Hodgkin’s disease of 
nineteen years’ duration The differential count of the peripheral blood was typical 
of this disease Epidural infiltration of the sacral and lumbar roots had caused 
paraplegia There was no other apparent skeletal involvement 

Table 3 — DtffeienUal Counts of Pcnpheial Blood and StcinaJ Manozv* 

tn Cases 1 to 5 



Case 1 

Case 2 

Case 3 

Case 4 

Case 5 

Peripheral blood on day of biopsy 








Hemoglobin, Qm per 100 cc 

CO 

14 0 

12 4 

12 0 

151 

Red blood cells 

1,890,000 

4,000,000 

4,070,000 

3,730,000 

3,510,000 

White blood colls 

0,000 

7,200 

9,250 

16,000 

14,900 

Polymorphonuclears 

90 

83 

CO 

32 

35 

Lymphocytes 

7 

10 

39 

07 

02 

Monocytes ^ 

2 


2 


1 

1 

1 

Eosinophils 

Basophils 

1 






2 

Stomal marrow 








Myeloblasts 

07 00 

10 

0 

0 

02 

SO 20 

03 07 

Promyelocytes 

11 20 

28 

1 1 

0 

09 

04 07 

00 04 

Myelocytes 

00 91 

121 

10 9 

33 

21 

50 50 

S3 31 

Metamjclocjtcs 

18 3 110 

12 0 

10 7 

23 

90 

10 2 81 

12 1 0 0 

Band forms 

10 0 23 5 

34 2 

285 

256 

321 

20 0 25 9 

4 0 117 

Poly morphonuclears 

14 2 0 5 

10 7 

13 7 

40 3 

18 2 

7 0 10 0 

19 0 18 8 

Eosinopliils (all types) 

11 25 

40 

4 8 

53 


0 07 

40 18 

Basophils 

02 01 

0 

0 

0 

0 2 

02 02 

02 04 

Lymphocytes 

31 10 0 

4 5 

4 5 

50 

79 

24 0 20 2 

10 0 34 -> 

Monocy tes 

0 11 

1 4 

00 

0 

21 

0 05 

00 2 5 

Histiocytes 

09 31 

0 

04 

0 

0 

10 05 

03 0 

Mcgakaryocy tes 

0 4 0,1 

0 5 

04 

0 

02 

0 0 

0 0 

Basophil cry throblasts 
Polychromatic and orthochro 

171 10 5 

2(5 

1 4 

03 

1 3 

32 10 

0 18 

matic erythroblasts 

15 3 10 0 

18 2 

171 

17 0 

14 8 

20 0 25 8 

28 0 10 3 


* Tbo dilTercntial counts of cells In the sternal morrow are given in duplicate to emphasize 
the personal variation The counts m the left band column in each case arc by E V K 


Case 3 — A 67 year old man was known, on the basis of biopsies of tissue from 
the lymph nodes, to have had lymphosarcoma for se\en years At the time of 
the sternal puncture he had copious ascites and hydrothorax The fluid removed by 
paracentesis was creamy owing to the large number of small lymphocytes that 
it contained 

Case 4 — A 57 year old man had suffered ^\lth chronic lymphatic leukemia 
for five years There was never any suspicion of osseous in\olvement The patient 
died, and autopsy' disclosed little heteroplasia of the marrow 

Case 5 — A 69 year old man suffered from angjna pectoris He had moderate 
Inperchromic macrocytic anemia, associated with achlorhydria after stimulation 
with histamine The condition was unresponsue to Iner therapy The lympho- 
citosis and the anemia persisted until the patient ceased to attend the clinic The 
condition was ne\er explained 
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The finding of apparently normal marrow in these patients may be 
interpreted in various ways In cases 1 and 5 the entire disease process 
was obscure, and although one might expect the marrow to be abnormal, 
It IS unjustifiable to say that the specimens studied were not lepresenta- 
tive In case 2, in which there certainly must have been skeletal 
involvement, chance must have supplied us with normal-appealing 
marrow In the other 2 cases it is reasonable to think that the lympho- 
matous process simply had not extended to the poitions of the marrow 
studied 

Similar in some respects to the first 5 patients were 6 additional 
patients with definite disturbances of the hemopoietic system The 


Table 4 — Differential Counts of Pettphcial Blood and Sternal Manoxv'" 

VI Cases 6 to 11 



Case 6 

Case 7 

Case 8 

Case 9 

Case 10 

Case 11 

Peripheral blood on day of biopsy 






Hemoglobin, Gm per 100 cc 

13 9 

14 2 

14 2 

14 0 

70 

7 7 

Red blood cells 

3,970,000 

4,500,000 

4,250,000 

4,400,000 

2,900,000 

2.030,000 

White blood colls 

2,200 

2,400 

4,700 

3,000 

6,SC0 

5,920 

Polymorphonuclears 

S3 

70 

65 

67 

67 

22 

Lymphocytes 

42 

25 

24 

40 

20 

75 

Monocytes 

3 

4 

7 

3 

6 

3 

Eosinophils 

1 

1 

0 


1 


Basophils 



1 




Sternal marrow 




t 



Myeloblasts 

30 20 

18 04 

0 08 

1 4 0 

15 28 

10 0 

Promyelocytes 

25 08 

20 19 

10 

32 10 

17 0 

30 04 

Myelocytes 

72 52 

14 2 10 4 

94 

61 60 

08 28 

35 52 

Metamjelocytes 

80 7 5 

80 93 

65 

10 0 10 0 

74 76 

7 5 4 3 

Band forms 

16 0 22 5 

10 0 22 9 

29 0 

14 1 20 8 

24 1 10 0 

190 181 

Polymorphonuclears 

60 05 

17 0 14 1 

90 

15 8 6 0 

13 3 27 3 

50 69 

Eosinophils (all types) 

32 75 

0 09 

2 5 

42 12 

14 30 

7 0 5 2 

Basophils 

0 05 

0 04 

02 

03 0 

02 0 

0 0 

Lymphocytes 

70 4 2 

70 51 

57 

112 116 

10 0 10 

17 5 19 3 

Monocytes 

12 03 

22 13 

1 0 

12 20 

04 0 

0 22 

Basophilic crythrootes 

42 00 

50 23 

18 

1 6 25 I 


r 33 0 4 7 

Polychrome and ortho 





‘ 14 0 39 0 


chrome ery throcj tes 

510 419 

212 291 

30 6 

40 4 37 1 i 

1 

[ 2 3 31 9 

Megakaryocj tes 

0 0 

0 02 

0 

03 09 




* The differential counts for the sternal marrow are given in duplicate as in table S 
t This biopsj was performed just one year after the one recorded to the left 


condition of 5 of these was tentatively diagnosed as Banti’s syndrome 
By this we mean nonspecific fibrosis of the spleen and liver associated 
with refractory anemia and leukopenia and with varying evidence of 
hypertension in the portal vein It is strange that such a disturbance 
of hemopoiesis as was indicated by the peripheral blood of these patients 
should be associated with no significant moiphologic changes m the 
marrow The difteiential counts for the marrow and blood of this 
group are given in table 4 

Case 6 — A 40 year old woman was referred to the clinic because of con- 
siderable enlargement of the liver and spleen and because of leukopenia which 
defied therapy She had moderate ascites, and esophageal varicosities were seen 
on fluoroscopic examination Splenectomy was attempted but could not be com- 
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pleted because of dense adhesions Biopsy of tissue from the liver revealed con- 
siderable portal fibrosis The patient remained well, although the abnormality of 
the blood persisted 

Case 7 — A 28 >ear old woman was found to have moderate hepatospleno- 
megaly and leukopenia Esophageal varices were seen by the roentgenologist 
Splenectomy was recommended, but the patient declined and did not return to 
the clinic 

Case 8 — A 30 year old woman consulted us because of an enlarged liver She 
had only moderate leukopenia, no anemia, no esophageal varices and no demon- 
strable ascites There were definitely dilated veins over the lower part of the 
abdomen, suggestive caput medusae A successful splenectomy was performed 
The histologic diagnosis was splenic fibrosis of the type associated with Banti’s 
syndrome After the operation the liver increased in size, but the patient remained 
well 

Case 9 — A 49 year old woman was first seen by us because of a purpuric 
tendency There was no abnormality of the coagulation mechanism as far as 
we could determine The patient had a large spleen, an enlarged liver and per- 
sistent leukopenia There was persistent occult blood in the stools from no 
recognizable point During frequent roentgen examinations for the source of 
bleeding, extremely large esophageal varices were discovered An exploratory 
operation was performed in the hope of removing the spleen as well as being 
able thoroughly to examine the gastrointestinal tract For technical reasons the 
spleen could not be removed After the exploratory procedure the patient was 
well, and, strangely, when she felt ill a small dose of roentgen therapy to the 
spleen cured her The second biopsy of sternal marrow was performed a year 
after the first The blood picture was essentially unchanged 

Case 10 — A 36 year old man was seen by us after a severe gastrointestinal 
hemorrhage Moderate enlargement of the spleen was the sole physical abnormality 
Thorough fluoroscopic examination failed to disclose the source of the hemor- 
rhage and revealed no esophageal varices Surgical exploration disclosed a few 
large veins around the duodenum and a greatly enlarged splenic vein It was 
assumed that the condition was Banti’s syndrome in the early stages After the 
operation there was persistent occult blood in the stools, but no more gross hemor- 
rhages occurred and the patient felt well 

Case 11 — A 38 year old man with severe jaundice, low grade fever, hepato- 
splenomegaly and malleolar ulceration, all due to syphilis, was seen by us because 
of persistent anemia Eventually, with appropriate anti syphilitic treatment, he 
became completely well, the spleen and the liver returning to apparently normal 
size 

These 6 cases had several featmes in common, particularly spleno- 
megaly, anemia and leukopenia Biopsy of mairow displayed in each a 
rather large, but not significantly large, percentage of nucleated red cells 
This may have been due in pait to the tendency to hemorrhage from 
which all of the patients suffered moie or less It is curious that in 
case 11, the only one in which the cause of the pathologic process was 
known, the mairow was so similar to that observed in the otheis The 
only benefit derived from these biopsies was the assurrance that the 
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Splenomegaly and the disturbance in the blood picture were not part of 
a leukemic process, and we were already certain of this 

We have mentioned that the rather high percentage of nucleated red 
cells in the marrow of the 6 patients just described may have been due 
to chronic loss of blood This may be true, but we are able to produce 
from our records several instances m which it has not been true of 
patients with severe anemia due to loss of blood or to indefinite toxic 
states The counts performed on the blood and marrow of 4 such 
patients are contained in table 5, and brief abstracts of the case records 
follow 

Case 12 — A 22 year old man underwent a radical operation on the antrum 
for severe chronic sinusitis Ten days later he had a massive hemorrhage from 
the nose, and the hemoglobin value fell to 7 2 Gm per hundred cubic centimeters 
of blood Sternal marrow was taken for biopsy sin; days later, after two trans- 
fusions and oral administration of an iron compound had raised the hemoglobin 
content to 12 4 Gm per hundred cubic centimeters 

Case 13 — A 73 year old man was admitted to the hospital because of severe 
diarrhea, intestinal cramps and loss of weight A leukemoid reaction was noted 
in the blood He failed rapidly and died Autopsy disclosed severe ulcerative colitis, 
hemorrhage from which was the apparent cause of the anemia 

Case 14 — A 35 year old man came to us because of/severe intractable anemia 
There was no external bleeding, but the stools contained much occult blood The 
platelets numbered 90,000 The bleeding time was two hours and the coagulation 
time three minutes, but the clot did not retract On the basis of a diagnosis of 
idiopathic thrombocytopenic purpura splenectomy was performed The operation 
was successful The patient recovered in a spectacular manner and was still well 
a year later 

Case 15 — A 58 year old woman was admitted to the ward at St Luke’s 
Hospital with severe anemia and leukopenia The platelet count was 20,000 The 
bleeding time was prolonged, the clotting time was normal, but the clot failed 
to retract The patient stated that she had had frequent epistaxis, and with 
case 14 in mind a diagnosis of thrombocytopenic purpura plus leukopenia was 
made and splenectomy was recommended The patient refused the operation, and 
medical treatment with transfusions, an iron compound, ascorbic acid and yellow 
bone marrow was instituted The anemia improved, but it promptly i elapsed when 
these medicaments were stopped Finally, two courses of roentgen therapy to 
the spleen were tried The platelets increased to 350,000 and the white cells 
to 7,200 The permanence of the remission was not certain 

Inspection of the biopsy specimen and determination of the number 
of cells in the 4 preceding cases gave little evidence as to the nature of the 
underlying pathologic piocess A diminution of platelets was noted m 
cases 14 and 15, but little else As we have mentioned, for these patients 
biopsy served a good purpose in a clinical sense, for it suggested to us 
that the severe anemia did not have as a background some severe 
myelopathy, such as aplastic anemia or atypical leukemia However, we 
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Only tho difTerential counts of the sternal marrow in the first three cases are given In duplicate 
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were leasonably sure of the diagnosis before the biopsy was performed, 
and the chief reason for performing it was to illuminate, if possible, the 
pathologic process under obseivation Nevertheless, it was encouraging 
to have such added assurance Other, less spectacular instances in 
which the negative findings at biopsy were of use to us aie also included 
m table 5 

Case 16 — A 16 year old boy was brought to us by his mother because he 
looked ill A brother had died the year before of acute myeloid leukemia, and 
the mother was terrified lest a similar disease should affect the present patient 
Physical examination showed normal conditions in every respect, as did hematologic 
investigation 

Case 17 — A 34 year old man was studied because of persistent leukocytosis, 
the white blood cell count ranging from 15,000 to 20,000 The condition was 
unaccompanied by fever There was slight diarrhea, for which no cause was 
found Biopsy of sternal marrow eliminated a persistent suspicion that incipient 
leukemia was responsible for the high white cell count Subsequently the diarrhea 
became more severe, and finally terminal ileitis was diagnosed Appropriate 
treatment of this condition was followed bj a return of the wdute cell count to 
normal 

Case 18 — A 44 year old man presented himself to the diagnostic clinic at St 
Luke’s Hospital, complaining of headaches A roentgenogram of the skull dis- 
closed spectacular round, oval and multiloculated regions of increased radiolucency, 
and multiple myeloma was justifiably suspected After all the studies were com- 
pleted the patient recalled that three jears earlier a similar diagnosis had been 
made and he had been told that he had only a few' years to live Comparison 
of the films showed absolutely no change, and the abnormal areas w'ere considered 
to be venous lakes or developmental anomalies 

Case 19 — A 36 year old man was referred to one of us by Dr C E Shannon, 
of Chicago He had a peculiar deforming lesion of the right femur, with increasing 
coxa vara Roentgenographically the medullary cavity displayed coarse secondary 
trabeculae, evidence of bone absorption and some cystlike areas Diagnostic 
guesses varied , localized osteitis fibrosa cystica, atypical Paget’s disease and 
atypical Gaucher’s disease were suggested The normal sternal marrow w'as of 
interest, and precise chemical studies suggested a diagnosis of hyperparathyroidism 

Case 20 — A 31 year old man who had been doing field work m archeology 
in Asia Minor came to the clinic because he “felt like his malaria was returning” 
Careful study of the sternal marrow revealed no Plasmodia, and the patient, 
satisfied, had no more peculiar feelings 

Although the majoiity of biopsies of sternal maiiow leveal nothing 
or are at most of academic interest (as when the diagnosis is already 
sufficiently obvious from other clinical studies), there aie occasions 
when the material from the marrow cavity is helpful Such occasions 
occur when definitely abnormal cells are encountered These may be 
evidence of metastases or of heteroplasia or there may be parasites , but 
the demonstration of them is significant Frequently they cannot be 
identified, but the mere finding of them may illuminate an otherwise 
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obscure situation Theie have also been a few times when we were 
confronted with peculiar clinical syndromes m which the differential 
count of the sternal mariow was definitely diagnostic Table 6 contains 
the counts in several such cases, in which the biopsy was the chief factor 
in explaining the condition 

Case 21 — A 38 year old Negress was seen m consultation at the Provident 
Hospital She had marked enlargement of the liver and spleen and moderate 
enlargement of the lymph nodes The peripheral blood was nondescript, biopsy 
of the lymph nodes had not been made The marrow contained 17 per cent of 
“tissue cells” similar to the cells seen in small cell lymphosarcoma The biopsy 
effectively eliminated the working diagnosis of aleukemic leukemia 

Case 22 — A 58 year old man entered the clinic because of severe pain m 
the back Roentgenograms disclosed a destructive lesion of the lumbar vertebrae 
The peripheral blood had a definite leukemoid reaction The sternal marrow 
contained clumps of basophilic erythroblasts, many of which were multmucleated 
and appeared neoplastic It was felt that a diagnosis of erythroblastic multiple 
myeloma was tenable 

Case 23 — A 55 year old man was admitted to the hospital with an acute illness 
of several weeks’ duration He suffered frequent nosebleeds, bleeding from the 
gums and rectum and great weakness The spleen and liver were not enlarged, 
nor were the lymph nodes Roentgen examination showed some tiny destructive 
lesions of the ribs The finding of “tissue cells,” similar to round cell sarcoma 
cells suggested a diagnosis of lymphosarcoma The patient died promptly, and 
permission for autopsy was refused 

Case 24 — ^A 58 year old man had had syphilis and received tremendous 
amounts of bismuth and mercury compounds He entered the clinic because of 
weakness and pallor He had severe anemia which resembled pernicious anemia 
in some respects Because of the history of syphilis and an enlarged liver, the 
diagnosis was deferred pending biopsy of sternal marrow The marrow was typical 
of pernicious anemia, and the subsequent successful course under liver therapy 
justified the diagnosis 

Case 25 — A 21 year old Italian was referred to the clinic because he was 
anemic and had a peculiar yellowish color The most striking feature of his 
illness was the large number of nucleated red cells m the peripheral blood 
Biopsy disclosed such a predominance of these cells that despite the age of the 
patient a diagnosis of chronic erythroblastic anemia of the Cooley type was made 
Roentgenograms of the skull later disclosed a thickened, granular diploe like 
that associated with Cooley’s anemia No therapeutic measure appreciably influenced 
the value for hemoglobin Splenectomy was performfed and the histologic appearance 
of the spleen confirmed the diagnosis No special benefits except mechanical relief 
followed the splenectomy 

Case 26 — ^A 48 year old man entered the hospital while recovering from severe 
pharyngitis A low white cell count, with many mononuclears, and some enlarged 
lymph nodes caused his physician to fear that acute leukemia was responsible 
for the illness The first biopsy of sternal material, revealing many myelocytes, 
seemed to confirm this view, but another one six days later gave such radically 
different results, as did examination of the peripheral blood, that we were 
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satisfied that what we were observing was agranulocytosis in the stages of vigorous 
spontaneous recovery The patient remained well 

That biopsy of sternal marrow is useful as a scientific tool in the 
study of pernicious anemia is illustiated by two examples from our 
series of such patients who had biopsies before and shortly after receiv- 
ing liver extracts In case 24 (table 6), the potent extract was given 
eighteen hours before the second biopsy and no effect was apparent 
However, the patient subsequently had a satisfactory reticulocyte 
response and a good hematologic recovery The patient m case 27 
(table 7) had received in the four days preceding the biopsy one and 
one-half vials of a potent liver extract and an indefinite number of 


Table 7 — Diffeiential Counts of Peripheral Blood and Sternal Manow 

in Cases 27 to 28 



Case 27 


Case 28 


Biopsy number 

1 

2 

1 

2 

3 

4 

Date 

Penpheral blood on day of biopsy 

2/25 

3/9 

10/1 

10/5 

10/10 

10/23 

Hemoglobin, Gm per 100 cc 

60 

75 

68 

69 

69 

80 

Red blood cells 1,580,000 

1,810,000 

1,990,000 

1,900,000 

2,100,000 

2,890,000 

White blood cells 

5,500 


4,000 




Reticulocytes, per cent 
sternal marrow 

56 

2 

02 

0 5 

07 

80 

Myeloblasts 

04 

0 

1 2 

11 

10 

06 

Promyelocytes 

10 

08 

31 

so 

21 

1 5 

Myelocytes 

70 

14 9 

12 7 

10 0 

11 5 

44 

Metamyelocytes 

80 

14 2 

64 

4 5 

70 

87 

Band forms 

15 2 

22 4 

15 9 

98 

84 

18 9 

Polymorphonuclears 

98 

16 4 

64 

90 

31 

27 5 

Lymphocytes 

Basophils 

55 

16 

36 

58 

77 

13 3 

Megaloblasts 1 

Polychromatic and ortho- J 

• 08 

16 j 

1" 12 3 

15 0 

3 5 

0 

chromatic megaloblasts j 



12 3 

19 2 

77 

0 

Basophilic erythroblasts 

5 5 

32 

69 

50 

35 

26 

Polychromatic erythroblasts 

202 

82 

6 4 

4 6 

30 7 

98 

Orthochromatic erythroblasts 

21 4 

60 

65 

50 

38 

64 


capsules of extrahn (a liver and stomach preparation) The reticulo- 
cytes were 56 per cent at the time of the first biopsy, and the marrow 
picture was that of a typical response to liver therapy Case 28 (table 7) 
IS an ideal illustiation of this use of biopsy Tissue for the first biopsy 
was taken before any medication had been given The second biopsy 
was made after four days’ trial of an experimental, supposedly anti- 
anemic product In the five days after the second biopsy there was no 
evidence of reticulocytosis, a fact that was predicted on the basis of the 
unchanged megaloblastic picture after four days of treatment Tissue 
for the third biopsy was taken fourteen and one-half hours after a 
potent extract derived from 300 Gm of liver had been given The 
rise in reticulocytes provoked by this injection did not appear until the 
third day The last biopsy was made thirteen days after the third one 
and revealed a complete transformation of the marrow to noimal 
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COMMENT 

We have had unfoitunately few cases in which the presence of 
abnormal cells in the mateiial obtained by sternal punctuie has aided us 
in diagnosis Othei workers ^ have cited many such instances Obscure 
examples of Gaucher’s disease, malaria, carcinomatosis, multiple mye- 
loma, trypanosomiasis and kala-azar have been elucidated by biopsy 
of sternal marrow, and in such cases the method finds its greatest value 
The sepal ation of the leukemoid states from true leukemia and the 
correct diagnosis of leukemia with minimal or no changes m the 
peripheral blood and no clinical findings ® is another field of usefulness 
for this technic Cases 13, 22 and 26 illustrate the correct interpreta- 
tion of leukemoid blood pictures We have, strangely, seen no instances 
of leukemia in which the diagnosis was not established by other clinical 
means when the biopsy of sternal marrow was in itself diagnostic The 
failure to obtain representative material is perhaps responsible for the 
few times when aid was anticipated and was not forthcoming 

The recognition of distinct dyscrasias of the blood solely by biopsy 
of sternal marrow is reported frequently ° These are generally aplastic 

4 Rohr, K , and Hegglin, R Tumorzellen im Sternalpunktat, Deutsches Arch 
f khn Med 179 61, 1936 Giraud, P , and Gaubert Valeur de la ponction de 
la moelle osseuse pour le diagnostic du kala-azar mediterraneen. Bull et mem 
Soc med d hop de Pans 35 336, 1937 Voorhoeve, H C Diagnostic 
du paludisme au moyen de ponction sternale, Haematologica 18 739, 1937, Case of 
Quartan Malaria with Nephrosis Diagnosed by Sternal Puncture, Geneesk 
tijdschr V Nederl -Indie 76 3310, 1936 Fleischaker, H, and Klima, R Zur 
Diagnose des multiplen Myeloms mit Hilfe der Sternalpunktion, Munchen med 
Wchnschr 83 642, 1936, Beitrag zur Kenntnis des multiplen klyeloms der plas- 
macellularen Leukamie und des plasmacellularen Granuloms, Folia haemat 56 5, 

1936 Loewinger, S Die Bedeutung der Knochenmark- und Milzpunktion fur die 
Diagnose des Morbus Gaucher, ibid 53 126, 1935 Robin, C, and Jospin, M 
Recherches experimentales sur Trypanosoma gambiense Presence constante du 
trypanosome dans la moelle osseuse, deductions pour le diagnostic et I’etude de la 
trypanosomiase humaine. Bull Soc path exot 30 369, 1937 

5 Mettier, S R , and Purviance, K Leukemia Without Leukoc^ tosis 
(Aleukemic Myelosis) and Without Splenomegaly, Arch Int Med 60 458 (Sept ) 

1937 

6 Storti, E Ueber ein Fall von lymphatischer Leukamie mit ausschliesslicher 
Lokalisation im Knochenmark und uber die Bedeutung der Sternalpunktion fur 
die Diagnose dieser Krankheitsform, Deutsches Arch f klin med 180 612, 1937 
Benhamou, E , Nouchy, A , and Cohen-Solal, G Anemie aplastique precocement 
decelee par le medullogramme. Sang 11 763, 1937 Fiessinger, N , Dupuy, R , and 
Laur, C M Les myelogrammes au cours des cirrhoses, ibid 11 89, 1937 Free- 
man, W Bone Marrow Studies in Glandular Fever, Am J Clin Path 6 185, 
1936 Santoianna, G Primi risultati di ricercha in vivo sulla del midollo osseo nel 
corso di alcuna dermatosi, Riforma med 52 1727, 1936 Kingery, L B , Osgood, 
E E , and Illge, A H Sternal Puncture A Diagnostic Aid in Leukaemia 
Cutis , Possible Aid in Differentiating Lymphoblastomas, Arch Dermat & Syph 
35 910 (May) 1937 
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anemia and megaloblastic anemia — as m piegnancy, infectious mono- 
nucleosis or leukemia cutis In our series there were only 3 cases (24, 
25 and 26) m which the diagnosis was made in this manner, and, 
curiously, except m case 25 a coiiect diagnosis would have been made 
by other clinical means in a few days 

The negative value of the biopsy of sternal mairow is large, and 
perhaps our greatest pleasuie has been in cases in which the examination 
allowed us to reassuie patients who were thought to be seriously 
afflicted This negative usefulness, however, is mitigated by the fre- 
quency with which we encountered appaiently noimal mariow in the 
face of obviously severe disease 

It IS our impression and belief that extremely thorough clinical 
investigation of patients robs biopsy of sternal marrow of much of its 
value In oui hands it has more commonly been a link, and often a 
supeifluous link, in the diagnostic chain than it has been the sole means 
of establishing a diagnosis The knowledge that potent products for 
the treatment of peinicious anemia convert the megaloblastic marrow to 
erythroblastic marrow within, usually, twenty-four hours is valuable in 
clinical reseaich It permits more rapid assaying of new remedies and 
allows one to expose his patients to a minimum of risk during the testing 
period With severely anemic patients there is an obvious advantage in 
not waiting seven oi ten days for the expected response from experi- 
mental therapy 

SUMMARY AND CONCLUSIONS 

The technics for biopsy of marrow, the normal differential counts of 
material so obtained and the limitations of the methods are discussed 
Our experience is leviewed, and 28 examples illustrating the uses, 
benefits and disadvantages of biopsy of steinal marrow are presented 
It IS indicated that thorough clinical investigation depiives the biopsy 
of sternal marrow of many of its uses 

The usefulness of this type of biopsy in clinical research, particularly 
in studies of pernicious anemia, is pointed out 
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Calcinosis is the teim applied to a condition marked by a widespread 
abnormal deposition of calcium salts m various tissues of the body 
In some conditions, such as dystrophic calcification, one must assume a 
previous retrogressive change m the tissues with subsequent deposition 
of calcium salts In other conditions, however, the lime salts are depos- 
ited m pi eviously healthy tissues In the latter instance there are, owing 
to some still unexplained factoi, mobilization of the calcium from the 
normal depots m bones and redisti ibution to various tissues and organs 
in the body Oversaturation of the blood with calcium salts occurs in 
some cases This condition was first recognized by Virchow,^ who called 
It “metastatic calcification ” Since then many leports have appeared in 
the literature ^ Such calcification is not limited to any one condition 
but has been leported in association with a variety of diseases, such as 
scleroderma, dermatomyositis, nephritis, renal rickets, hpoid dystrophies, 
leukemias and various diseases of the bone Rothstem and Welt ® have 
recently published an excellent review of the literature with a report of 3 
instances of calcification in children 

From the Department of Laboratories, Division of Pathology, the Jewish 
Hospital of Brooklyn 

1 Virchow, R Ueber Kalkmetastase, Virchows Arch f path Anat 8 
103, 1855 

2 Pusitz, AI E , Owen, A K , and Finney, G A Calcinosis Cutis, J A AI 
A 110 360 (Jan 29) 1938 Gould, S E, and Raiford, F T Calcinosis 
Universalis Report of a Case with Autopsy Findings, Am J Roentgenol 39 741, 
1938 Widmann, B P , Ostrum, N H, and Freed, H Practical Aspects of 
Calcification m the Various Body Tissues, Radiology 30 598, 1938 Schatz, T 
Diffuse Interstitial Calcinosis, ibid 22 54, 1934 De Santo, D A Aletastatic 
Calcification m Alyelogenous Leukemia, Am J Path 9 105, 1933 Sheldon, J H 
Calcinosis Universalis, Proc Roy Soc Aled 27 623, 1934 Hem, B J Calcinosis 
Universalis, Arch Surg 26 389 (Alarch) 1933 

3 Rothstem, J L , and Welt, S Calcinosis Universalis and Calcinosis Cir- 
cumscripta in Infancy and Childhood Three Cases of Calcinosis Universalis, with 
Review of the Literature, Am J Dis Child 52 368 (Aug ) 1936 
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The present paper is a report of 2 cases In 1 the condition was 
associated with leukemic myelosis, and in the other it complicated a 
normal pregnancy in an otherwise apparently healthy young woman 
The widespiead distribution of the lesions in these 2 cases piompted 
this report 

REPORT OF CASES 

Case 1 — H K , a 13 year old white girl, was admitted to the Jewish 
Hospital of Brooklyn on Nov 19, 1934 She complained of weakness, pain 



Fig 1 (case 1) — Liver with leukemic infiltration Hematoxylin and eosin; 
X 160 


in the left flank for the past twelve hours, postprandial vomiting for the past 
month and loss of 25 pounds (113 Kg) m the last two months The family 
history was irrelevant 

Two months before the present admission the patient began to have pain 
which started in the thighs and radiated to the ankles and feet Later it 
became localized in the right flank and was more severe She spent three 
weeks in another hospital, where various studies were made but no definite 
diagnosis was arrived at She was discharged unimproved The pain in the 
right flank disappeared, but pain developed in the left flank and shortly there- 
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after m the lower two ribs in the axillas Her loss of weight was due chief! v 
to the fact that she was afraid to eat because of the postprandial vomiting 

The temperature on admission was 986 F The pulse rate was 95, the respira- 
tory rate 16 and the blood pressure 140 mm of mercury systolic and 110 diastolic 
The heart and lungs were normal There was tenderness over the twelfth rib 
on the left side The right kidney was palpable, and there was enlargement of 
the cervical, axillary, inguinal and abdominal lymph nodes Electrocardiographic 
studies re\ealed myocardial and auricular involvement and sinus tachycardia 
Roentgenographic studies of the chest, ribs, skull, hands and sella turcica showed 
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A study of the blood chemistry on December 10 gave the following values 
chlorides, 424 mg , nonprotem nitrogen, 101 mg , total proteins, 6 22 mg , albumin, 
3 47 mg , globulin, 2 75 mg , cholesterol, 197 mg , sugar, 134 mg , calcium, 20 6 
mg , and phosphorus, 4 7 mg , per hundred cubic centimeters The value for 
phosphatase was 4 5 units, the carbon dioxide content 53 5 volumes per cent and the 
albumin-globulin ratio 1 26 The Wassermann reaction was negative 
Clinically the condition was thought to be aleukemic myelosis 

Neaopsy — The body was well developed but poorly nourished There was 
no excess fluid in the peritoneal or pleural cavities 

The heart weighed 210 Gm The right side of the heart and the valves 
showed nothing of note except slight thickening at the bases of the aortic 



Fig 3 (case 1) — Lung with calcification in the walls of the veins and in the 
parenchyma Hematoxylin and eosm 


cusps In the left atrium there were numerous small, sharply defined calcific 
plaques beneath the endocardium 

The lungs were solid, numerous irregularly shaped hard nodules could be 
palpated throughout The surfaces were smooth and mottled yellow-red and 
purple-blue The cut surfaces were granular, the color was a peculiar yellow 
with scattered areas of pink In the areas of hardening there were gritty yellow 
plaques presenting the appearance of a honeycomb The larger branches of the 
pulmonary artery were calcified Histologic examination revealed calcium deposits 
m the walls of alveoli, in the walls of some bronchi immediately beneath the base- 
ment membrane of the lining epithelium and in the intimae of many veins and 
some arteries There was no evidence of any inflammatory reaction in the 
calcified areas 
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The spleen weighed 580 Gm It was firm and red In the cut surfaces the 
malpighian bodies were prominent Irregular patches of yellow were distributed 
throughout the deep red pulp Histologically there was widespread leukemic 
infiltration of the organ 

Leukemic infiltration was also noted in the liver, kidney, thymus gland, pan- 
creas, lymph nodes and bone marrow of the ribs and vertebrae 

Minute areas of calcification were present in the adrenal glands, kidneys and 
thymus gland 

The parathyroid glands were small and presented nothing of note 
The anatomic diagnosis was leukemic myelosis in the bone marrow, lymph 
nodes, spleen, liver, kidneys, pancreas and thymus gland, metastatic calcification 



Fig 4 (case 1) — Calcium deposits about the vessels m the wall of the left 
auricle Hematoxylin and eosin , X ISO 

m the lungs, left atrium, adrenal glands, kidneys, thymus gland and some of the 
moderate-sized arteries 

Case 2 — H K , a 25 year old white woman, was admitted to the Jewish Hos- 
pital of Brooklyn on Oct 17, 1937, complaining of weakness, dizziness, cough, 
anorexia and fever for the past six weeks The family history was irrelevant 
The patient had had chorea at the age of 15 years The condition lasted for 
three or four months For some time afterward she had occasional attacks of 
involutary twitching There was no history of cardiac involvement She had 
been married for six years and had two children, a boy aged 5 years and another 
aged lj4 months 
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About the seventh month of her second pregnancy, which terminated on Septem- 
ber 1 in a spontaneous normal delivery, the patient began to complain of a dry, 
irritating cough At home, after her discharge from the hospital, she com- 
plained of weakness, lassitude, cough and frequent attacks of vertigo The weak- 
ness persisted, and two weeks prior to admission she consulted a physician, who 
found pus in her urine and treated her for "inflammation of the kidneys.” The 
patient at no time complained of chills, pain m the back or in the lumbar regions, 
dysuria, hematuria or frequency of urination She had no pains in the chest, no 
hemoptysis and no night sweats Her cough was productive of a moderate 
amount of white sputum On the day prior to admission her temperature rose 
to 104 F , and she was advised to come into the hospital 



Fig 5 (case 2) — Cutaneous lesion with extensive calcification in the upper 
layers of the cutis Hematoxylin and eosin, X 45 


On her admission the temperature was 100 4 F , the pulse rate 120, the respira- 
tory rate 20 and the blood pressure 124 mm of mercury systolic and 60 diastolic 
The heart was not enlarged The sounds were of good quality, the beat was 
rapid but regular The lungs on percussion were resonant except at the base of 
the right lung posteriorly , this region was dull to flat up to the angle of the 
scapula Over this area the tactile fremitus was diminished The breath sounds 
were vesicular but markedly diminished over the base of the right lung There 
were no rales or friction rub The liver was enlarged and moderately tender 
Its edge was firm and was palpable 5 fingerbreadths below the costal margin The 
spleen was not palpable There was marked tenderness in localized areas along 
the tibias There were no swellings or masses in these areas The reflexes were 
hyperactive but equal 
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Roentgenograms taken on the day after the patient’s admission to the hospital 
revealed the presence of fluid at the base of the right lung Thoracentesis was 
performed two days later, and 60 cc of clear straw-colored fluid was obtained 
Similar fluid was obtained on several occasions during the patient’s stay in the hos- 
pital, at times as much as 1,700 cc During this time the temperature ranged from 100 
to 102 F , with an occasional rise to 104 F On No\ ember 13 there appeared at the 
periphery of each breast a lesion characterized by thickening of the skin and well cir- 
cumscribed smooth pearly nodules The following day there were numerous yellow 
indurated nodules in both axillas, at the periphery of each breast and oi er the right 
tibia These ranged from the size of a millet seed to that of a hazelnut They were 
irregularly oval and were not tender Some of the lesions had coalesced and 
become hard cardboard-like plaques The cutaneous lesions progressed and three 



Fig 6 (case 2) — Lung with edema and calcification of the wall of the vessel 
and calcification of the parenchyma Hematoxylin and eosin, X 75 

da}^s later w'ere present in both groins, extending along the inner aspects of both 
thighs The temperature rose to 104 8 F The patient became markedly dyspneic 
and cj'anotic The cardiac rate was rapid, and the sounds were of poor quality 
There was dependent edema in the sacral region and m the lower extremities 
Tissue from a cutaneous lesion, taken for biopsy on November 19, w'as described 
as “skin with atrophy ’’ The course thereafter -was rapidly downhill The cuta- 
neous lesions had advanced to involve both inguinal regions, extending upward 
over the iliac crests and downward along the medial and posterior aspects of the 
thighs to the knee of the right leg and to the midcrural region on the left leg 
The patient became semistuporous on November 26 The temperature rose to 
105 F , the pulse rate rose to 150 and the pulse was weak Fluid was present at 
the bases of both lungs On the following day there was Cheyne-Stokes respira- 
tion, the cyanosis increased, and the patient died at 9 30 p m 
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Laboiafojy Data — Urinalysis on October 27 showed an acid urine with a spe- 
cific gravity of 1 016, a 1 plus reaction for albumin and no sugar Numerous white 
blood cells were observed on microscopic examination The blood count was as 
follows hemoglobin, 53 per cent, red cells, 3,400,000 per cubic millimeter, white 
cells, 6,700 per cubic millimeter, polymorphonuclear leukocytes, 78 per cent, 
lymphocytes, 14 per cent, monocytes, 4 per cent, and band forms, 4 per cent On 
November 8 the white cell count rose to 24,400 per cubic millimeter, with 64 per cent 
polymorphonuclear leukocytes, 12 per cent lymphocytes, 20 per cent band forms 
and 4 per cent monocytes A complete study of the blood chemistry gave the 



Fig 7 (case 2) — Kidney with metastatic calcification Hematoxylin and eosm; 
X 60 


following values sugar, 112 mg , urea, 71 1 mg , uric acid, 9 6 mg , total pro- 
teins, 4 67 mg , albumin, 226 mg , globulin, 2 41 mg , cholesterol, 154 mg , free 
cholesterol, 82 mg , total lipids, 614 mg , chlorides, 316 mg , calcium, 15 6 mg , 
phosphorus, 3 5 mg , total base, 140 mg , sodium, 280 mg , and phosphatase, 8 2 
units The carbon dioxide content was 65 5 volumes per cent The albumin- 
globulin ratio was 0 94 The icterus index was 3 6 The Kline reaction was 
negative Repeated cultures of the blood gave negative results The sedimenta- 
tion rate was 210 mm per hour 

Examination of bone marrow obtained by aspiration on November 2 showed 
myeloblasts, 4, myelocytes, 35, eosinophilic myelocytes, 4, metamyelocytes, 4, 
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stab forms, 8 , polymorphonuclear leukocytes, 30 , eosinophils, S , granulocyte- 
lohocyte ratio, 65 35, granulocyte-erythroblast ratio, 80 20, ratio of early to 
later erythroblasts, 25 75, and white blood cells per high power field, 8 

A concomitant smear of the peripheral blood showed stab forms, 5, poly- 
morphonuclear leukocytes, 59, lymphocytes, 28, monocytes, 4, esosinophils, 4, and 
platelets, 3 plus There were anisocytosis (2 plus), microcytosis (3 plus), macro- 
cytosis (2 plus) and polychromasia (2 plus) 

By a study of the bone marrow and a smear of the peripheral blood leukemic 
myelosis was excluded 

Neciopsy — The body was well developed but poorly nourished Around the 
outer margins of both breasts the skin was pale brown, leathery and raised above 
the surface, the condition extended into the axillas and was also present over 



Fig 8 (case 2) — Thyroid gland with edema and calcium deposits in the wall 
of the vessel Hematoxylin and eosin , X 75 


the anterior aspects of both forearms Within the affected areas were old scars 
and small raised nodules of cardboard-like consistency Similar lesions were 
present over both thighs and legs There was a large decubitus ulcer over the 
right greater trochanter There was edema of the labia majora and of the lower 
extremities There was 100 cc of blood-tinged fluid in the peritoneal cavity, 
and 1,000 cc of similar fluid was present in each pleural cavity 

The heart weighed 260 Gm The right side was not unusual In the left 
atrium the endocardium was studded with numerous firm, calcific yellow-white 
plaques Similar plaques were also present in the aortic cusp of the mitral valve 
The cusps of the aortic valve were somewhat shortened and slightly thickened 
The aortic valve ring was calcified in places The coronary arteries were 
widely patent They cut with a gritty sensation In the intimal surfaces were 
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seen numerous small firm yellow plaques The aorta and pulmonary arteries 
were elastic and except for occasional atheromatous patches showed nothing of 
note 

The lungs were heavy, weighing about 600 Gm each They did not collapse 
when the thoracic cavity was opened The external surfaces were smooth, glisten- 
ing and mottled with pink and purple-red The cut surfaces were pink, with occa- 
sional raised red areas There was a granular feel to the cut surfaces The 
vessels stood out prominently 

The spleen weighed 190 Gm It was soft and deep red on section The 
malpighian corpuscles and fibrous markings were prominent There were three 
small recent infarcts near the surface 



Fig 9 (case 2) — Mammary gland with vascular changes Hematoxylin and 
eosin, X 82 


Grossly there was little of note in the other organs except for marked con- 
gestion of the vessels and scattered petechiae The liver had the typical nutmeg 
appearance The kidneys weighed 160 Gm each The capsules stripped with 
ease, leaving smooth surfaces over which were scattered small petechiae The 
cortex and medulla were well demarcated There was evidence of slight cystitis 
and slight proctitis Small calcified plaques were present over the vocal cords 
The thyroid gland was small and not unusual The parathyroid glands, of which 
there were three, were also small 

Microscopic Examination — The striking picture m the various preparations 
from the different organs was seen in the veins and smaller arteries The lumens 
were somewhat diminished owing to edema of the submtimal fibrous connective 
tissue Within the intimae there were fairly extensive deposits of calcium In 
some vessels these deposits was also present in the media and even m the 
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ad\ entitiae In the lungs, in addition to these vascular changes, there were calcium 
deposits in the bronchial walls immediately beneath the epithelial layer, m the 
walls of some alveoli and within the peribronchial and perivascular connective 
tissue The lungs also showed areas of pneumonia In the kidneys calcium 
deposits were seen not only in the vessels and in the walls of the tubules but also 
within the tubules and scattered widely through the interstitial connective tissue 

Similar changes were seen in the vessels of the breasts, pancreas, spleen, uterus, 
cervix uteri and thyroid gland, as well as in the smaller branches of the mesenteric 
vessels 

In the skin extensive calcium deposits were seen in the midcutis, apparently 
affecting primarilj the elastic tissue fibers 

The parathyroid glands histologically were not unusual 

Analysis of a cutaneous plaque gave the following values calcium, 114 mg , 
phosphorus, 16 mg , total lipid, 0 2813 Gm , total cholesterol, 0 935 mg, and free 
cholesterol, 0 62 mg, per gram of tissue Analysis of normal skin gave the fol- 
lowing results calcium, 0 1 mg , phosphorus, 1 1 mg , and total lipid, 7 4 mg , per 
gram of tissue 

All the calculations were done on the dry basis 

The anatomic diagnosis was metastatic calcification in the skin, heart, lungs, 
spleen, pancreas, kidney, uterus, breast, th 3 'roid and larynx, generalized purpura, 
focal myocarditis , dilatation of the heart , bilateral hydrothorax , ascites , edema 
of the labia majora and the lower extremities, passive congestion of the viscera, 
bilateral focal pneumonia, cystitis, proctitis, infectious splenomegaly, and infarcts 
of the spleen 

Two general types of pathologic calcification occur in the human 
body, the dystiophic type, m which the lime salts are deposited in previ- 
ously diseased tissue, and the other, in which the salts are deposited in 
apparently healthy tissue The latter is subdivided b> some into calci- 
nosis universalis, in which there is no inciease of calcium in the blood, 
and metastatic calcification, in which there is hypercalcemia The latter 
distinction appears to be unnecessary since in both instances the cause 
of the condition is little understood and since both types are associated 
with a variety of diseases Moreover, as in a case cited by Shelling,^ the 
concentration of serum calcium in the same patient may vary between 
noimal and tetanic values 

Since no degeneiative changes precede the deposition of calcium 
salts in the various tissues, the cause must be sought in the general 
factois responsible for calcium and phosphorus metabolism in the body 
and for demineralization of the skeleton Some of the suggested causes 
are disturbances in the vascular supply to the part, disturbances in the 
calcium and phosphorus metabolism, disturbances in the acid-base 
equilibrium due to loss of carbon dioxide in the tissues,® endocrine 

4 Shelling, D H The Parathyroids in Health and in Disease, St Louis, 
C V Mosby Company, 1935, p 39 

5 Wells, H G Calcification and Ossification, Arch Int Med 7 721 (June) 
1911 , Metastatic Calcification, ibid 15 574 (April) 1915 
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changes, hypervitaminosis D, infections and trauma Ham ° concluded 
that m metastatic calcificaton there is inability of the blood to retain the 
calcium in solution The level of diffusible calcium, therefore, is moie 
important than the level of total calcium 

SUMMARY 

Two cases of metastatic calcification are reported In the first the 
condition was associated with a leukemic myelosis , in the second it 
complicated a normal pregnancy m an apparently healthy young woman 
The cause was not determined 

6 Ham, A W Mechanism of Calcification in Heart and Aorta m Hyper- 
Mtammosis D, Arch Path 14 613 (Nov) 1932 
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ANEMIA or PREGNANCY 

Experimental studies of the effects on the blood of iron deficient diets 
given to rats throughout gestation and lactation ha^e been discussed 
earlier in this review, A macroc 3 'tic form of anemia in pregnant lats 
has been produced by Kyer and Bethell by means of diets deficient in 
protein Such anemia js accompanied by characteristic changes m the 
percentage and absolute number of the nucleated cells in the several 
stages of erythrocytic development represented in the marrow The 
specific alteration in erythropoiesis is a “shift” to the more immature 
nucleated red blood cells, analogous to the “megaloblastic block” found 
in the marrow of patients with pernicious anemia In rats receiving an 
inadequate amount of protein duimg gestation there is also extensive 
lipoidosis of the liver, arising first in the central zones of the hepatic 
lobules An etiologic relation between hepatic damage, induced by 
deficient diets, and specific changes in the marrow and circulating blood 
was suggested 

Bussabarger and his associates studied the effects of gastrectomy 
on the blood values of 5 dogs observed throughout fifteen pregnancies 
Marked anemia developed during the course of eleven gestations, and 
a decrease in total circulating hemoglobin occurred regardless of changes 

159 Alt ^37 Parsons, Hickmans and Finch 

160 Kyer, J , and Bethell, F H Production of Macrocytic Anemia m the 
Pregnant Rat by Diets Low m Protein, Arch Path 25 761 (Alay) 1938 

161 Bethell, F H Studies of the Bone Marrow and Liver in Experimental 
Anemia of Pregnancy, Arch Path 25 764 (Afay) 1938 

162 Bussabarger, R A , Cuthbert, F P , and Ivy, A C Studies on the 
Anemia of Pregnancy m Gastrectomized and Normal Dogs, J Lab & Clin Med 
24 24, 1938 
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m the total blood volume The authors also observed the blood values 
of 12 normal dogs during pregnancy and found severe anemia in only 
1 instance In normal animals, lowering of the erythrocyte and hemo- 
globin levels was more pronounced m the puerpeiium than during 
gestation Blood volume determinations for 8 dogs disclosed hydremia 
incidental to pregnancy in only 3 instances Anemia m pregnancy follow- 
ing gastiectomy was of either normochromic or hypochromic type, and 
its development was attributed largely to a deficiency of reserve stores 
of blood-building materials 

Copper and iron determinations for human maternal and fetal blood 
were reported by Sachs and his co-woikers They found the whole 
blood iron content of the newborn to be high, whereas the copper value 
was uniformly low On the other hand, the maternal blood iron con- 
tent was normal or reduced, but the copper content was relatively high 
The authors pointed out that large amounts of copper are stored in the 
fetal liver 

The important subject of changes in the blood volume which occur 
m healthy pregnant women was reinvestigated by Thomson and his 
associates, who employed in their studies the azo dye Evans blue, and 
the Evelyn photoelectric microcolorimeter They found a progressive 
increase in the plasma and the total blood volume, beginning early in 
pregnancy and reaching a maximum during the ninth lunar month 
During the tenth lunar month a definite decrease m both the plasma and 
the total blood volume begins, which by the end of the second postpartal 
week brings the values close to the average normal level for nonpregnant 
women The authors found m normal pregnancy a maximum increase 
m plasma volume of 65 per cent According to them an absolute 
increase m the total cell volume also occurs but, proportionately, to a 
less degree The increases in the plasma and the total blood volume 
determined by these workers are considerably greater than those 
reported by other investigators, and their results await confirmation 

Odefey found a 40 per cent incidence of hemoglobin values below 
12 Gm per hundred cubic centimeters in 103 women observed during 
pregnancy Most of the cases he considered as representing “pseudo- 
anemia,” since the women were in apparent good health and their blood 
values, m the absence of therapy, returned to the normal range for non- 

163 Sachs, A , Levine, V E , Griffith, W O , and Hansen, C H Copper 
and Iron in Human Blood Comparison of Maternal and Fetal Blood After 
Normal Delivery and After Cesarean Section, Am J Dis Child 56 787 (Oct ) 
1938 

164 Thomson, K J , Hirsheimer, A , Gibson, J G, Jr, and Evans, W A, 
Jr Studies on the Circulation m Pregnancy HI Blood Volume Changes in 
Normal Pregnant Women, Am J Obst & Gynec 36 48, 1938 

165 Odefey, R Weitere Untersuchungen uber die Pseudoanamie in der 
Schwangerschaft, Zentralbl f Gynak 62 1981, 1938 
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pregnant women after delivery Foderl also described “pseudo- 
anemia” and differentiated it from “essential anemia of pregnancy,” 
which he stated is a true iron deficiency anemia, being responsive to iron 
therapy He discussed pernicious anemia of pregnancy, which usually 
responds well to the administration of liver extract and non and only 
rarely requires blood transfusion A third and rare form of anemia of 
pregnancy mentioned by this author was described as normocytic and is 
believed to be of the aplastic type It is associated with toxemia, and 
its presence is an indication for blood transfusion Most observers 
believe that the rare grave anemias accompanying toxemia are generally 
hemolytic rather than aplastic Ramsay and Thierens studied the 
chemistry of the blood during pregnancy and found hemoglobin values 
below 9 7 Gm per hundi ed centimeters in 26 per cent of their series of 
about 100 patients Watson stated that the physiologic lowering of 
the hemoglobin value in pregnancy may reach 7 7 Gm , but his evidence 
that these low values are actually normal was inconclusive 

Reid and Mackintosh deteimmed the hemoglobin values foi 1,094 
women of poor social circumstances and attempted to ascertain the 
influence of anemia on the subsequent history of the mother and child 
Of the women studied, 10 2 per cent suffered fiom hypochromic anemia, 
according to the authors’ criterion of normality for pregnancy, a mini- 
mum hemoglobin level of 9 7 Gm per hundred centimeters They 
found that the incidence of anemia was inversely proportional to the 
family income Anemia alone appeared to have a slight influence on 
the stillbirth rate, and anemia combined with poor social circumstances 
exerted a definite influence on neonatal and infant death rates and on 
infant morbidity rates Mothers who had suffered from anemia during 
pregnancy were not handicapped in establishing breast feeding but were 
less able to maintain lactation than nonanemic mothers No relation 
was apparent between anemia and toxemia, an abnormality or prolonged 
duration of labor or the birth weight of the infant 

Napier and Majumdar reported their analyses of the blood and the 
results of therapy in 57 cases of anemia in pregnant tea-gaiden coolie 

166 Foderl, V Zur Differential Diagnose und Therapie der Schwanger- 
schaftsanamien, Wien klin Wchnschr 51 168, 1938 

167 Ramsay, G , and Thierens, V T The Composition of the Blood m 
Pregnancy, Bnt M J 1 1199, 1938 

168 Watson, H G The Blood Picture of Pregnancy, Am J Obst & 
Gynec 35 106, 1938 

169 Reid, W J S, and Mackintosh, J M The Influence of Anemia and 
Poor Social Circumstances During Pregnancy on the Subsequent History of 
Mother and Child, Lancet 2 1389, 1937 

170 Napier, L E , and Majumdar, D N Haematological Studies m Indians 
The Analysis of the Haematological Findings m Fifty-Seven Cases of Anaemia 
in Pregnant Tea-Garden Coolie Women, with Special Reference to the Results 
of Treatment, Indian J M Research 26 541, 1938 
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women The anemia was usuall}- hypochromic oi noimochromic, 3 
patients had a hyperchromic blood picture Etiologic factors were the 
universal incidence of hookworm infestation and maiked dietaiy deficien- 
cies m these women Protein, calcium and vitamins B and C were 
especially deficient Treatment consisted of the administiation of 1 2 to 
1 6 Gm of iron as ferrous sulfate daily, 4 cc of autolyzed yeast three 
times a day and, m the presence of hypei chromic anemia, 2 cc daily of 
liver extract by intramuscular injection Chappell and Bivmgs studied 
the blood of 329 pregnant Negresses and compared the findings with 
those obtained for 75 nonpregnaiit Negio clinic patients The hemo- 
globin lange was low, and the coloi index was reduced in most of the 
cases studied, but the hemoglobin values foi the nonpiegnant subjects 
averaged only 9 0 Gm per hiindied centimeters, and the average level 
in pregnancy was 8 8 Gm Poor results were obtained from non ther- 
apy, parentei al administration of livei extract and treatment with supple- 
mentary vitamins A and D, and the authoi s emphasized the inadequacy 
of the diets of the group investigated 

A series of 100 patients with anemia of pregnancy was reported on by 
Stevenson Of these, 30 were said to possess the blood findings of 
pernicious anemia of pregnancy, 27 of those with pernicious anemia were 
multiparae and 28 were of a very low economic status Nutiition was 
generally inadequate, the symptoms of anemia developed in most 
instances between the sixth and the eighth month but in 3 cases not until 
the puerperium An icteric tinge of the skin was piesent in 24 of these 
cases, pyrexia m 19, glossitis m 15, splenomegaly in 15 and achlorhydria 
in 3 The excretion of urobilinogen was increased in 10 cases Involve- 
ment of the central nervous system was not found Good therapeutic 
results, including reticulocyte responses, were obtained from the use of 
liver, liver extract and desiccated stomach The 70 other members of 
the group all suffered from anemia of the hypochromic type and 
responded satisfactorily to iron therapy 

Cases of severe macrocytic or “pernicious anemia” of pregnancy have 
also been reported recently by Dockeray,'^^ Abi amson and Barnum 
Woodward 

POISONS , PHYSICAL AGENTS 

Wood found that of 522 patients treated with sulfanilamide 21 had 
acute anemia (children, 8 3 per cent, adults, 2 4 per cent) No pie- 
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disposing factors could be determined The earliest signs of anemia 
were noted from twenty-three to seventy-two houis after the start of the 
therapy The anemia was worst usually on the fifth day (third 
to seventh day) It was hemolytic and recurred m 4 of 5 patients 
during a second course of sulfanilamide therapy 

Campbell did not encounter anemia or depression of the bone mar- 
row m his series of patients treated with sulfanilamide, and concluded 
that “personal idiosyncrasy” is an impoitant factor m the cases of 
involvement of the bone marrow reported by others 

The case reported by Ginsberg and Brams illustrated the rapidity 
with which hemolytic anemia secondary to sulfanilamide therapy can 
develop After four days of therap)^ (160 grams [104 Gm ]), icterus 
was noted, and the red blood cell count on the seventh day had fallen 
from 4,500,000 to 1,100,000 red blood cells per cubic millimeter (hemo- 
globin, 25 per cent , leukocytes, 36,900 per cubic millimeter , neutrophils, 
66 per cent) Recovery followed three blood transfusions (500 cc each) 
on successive days Nelson and Scott-Young^'' and Wood®® also 
reported cases in which hemolytic anemia followed sulfanilamide ther- 
apy 

In some persons who were cyanotic from sulfanilamide therapy, Pos- 
ner, Guthrie and Mattice^^® found an abnormal blood pigment, having 
the same absorption band as methemoglobin The band disappeared on 
saturation with carbon monoxide or dilution with water The pigment 
was unstable, slowly reverting to normal blood pigment 

In patients treated for fourteen days with 21 Gm of sulfanilamide, 
Britton and Howkms found that 46 per cent showed neutropenia and 
44 per cent transient monocytosis The lowest count was noted at the 
end of the second or at the beginning of the third week However, the 
toxic symptoms, present in 70 per cent of the patients, showed no direct 
relation to the variation in the leukocyte count 

Weil, Perles and Aschkenasy studied the blood of 54 patients with 
anemia of benzene poisoning The blood characteristics were hypo- 
chromia, leukopenia, neutropenia, eosmophilia (4 to 8 per cent m 30 
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per cent of the cases), thrombopenia, clotting defects and capillary fra- 
gility The latent form is an aplastic anemia The authors made a 
plea for well ventilated rooms, limited hours of work and regular med- 
ical inspection of workers m benzene 

In a case of benzene poisoning, Gall found aplastic anemia, leuko- 
pema, thrombopenia and macrocytosis The peripheral circulation, 
however, showed reticulocytes, nucleated red blood cells and immature 
myeloid cells, secondary to massive myeloid (erythropoietic) metaplasia 
in the spleen and, to a less extent, m the liver Zolezzi found decreased 
gastric function accompanying anemia m 8 cases of benzene poisoning 
in workers m the rubber industry He also noted seveial cases of 
anemia among leather workers m shoe factories due to adhesives and 
mastics dissolved in benzene In Kern’s case of benzene poisoning, 
there was a selective reduction m the number of blood platelets, with dis- 
appearance from the blood Later there was an increase to above nor- 
mal, but the red and white blood cells did not appear to be involved in 
the process Neurologic symptoms, presumably secondary to hemor- 
rhage into the central nervous system, were present Tara described 
chronic benzene poisoning m 14 pregnant women Of these, 4 had nor- 
mal deliveries, 3 had difficult deliveries, with uterine inertia, 1 gave 
birth to a dead child, and 7 had abortions 

Rajam and Tampi noted 3 cases of blood dyscrasia after treatment 
with arsphenamine and similar agents m 18,620 cases of syphilis (64,- 
101 injections) One patient had thrombopemc puipura (platelets, 
50,000) The second patient had aplastic anemia and the third granu- 
locytopenia Treatment included the use of epinephrine, calcium, thiosul- 
fate, liver preparations, pentnucleotide and repeated transfusions 
Arsenical injections must be discontinued, as recurrences are invariably 
fatal Kadin reported 3 cases of aplastic anemia with severe damage 
to the bone marrow m patients who had been treated with arsphena- 
mine All the patients showed a hemorrhagic tendency 

In pregnant female rats Briese produced anemia by means of inhal- 
ation of carbon tetrachloride Macrocytic anemia, with an increased 
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hemoglobin content, reticulocytosis, thrombocytosis, leukocytosis and an 
increased immaturity of the leukocytes, developed m the fetus 

In the course of gold therapy in pulmonary tuberculosis, Daniello and 
Rusu noted an increase in the hemoglobin content and in the eosino- 
phil and lymphocyte counts Some patients showed purpura, agian- 
ulocytosis and anemia 

Shiraishi found that yakriton (a fraction of liver not containing 
the principle potent against pernicious anemia) alleviated phenylhydra- 
zine poisoning or the severe anemia which it causes m rabbits 

Loureau, de Sacy and Arthus wei e able to produce a prolonged 
period of anemia in rabbits by the injection of lead salts thiee times a 
week for three weeks 

Ammonia, administered to rabbits, pi oduced a reduction in the num- 
ber of red blood cells and the hemoglobin content of the blood in the 
experiments of von Balo The anemia was propoi tional to the degree 
of poisoning The cellular elements of the red bone marrow were 
destroyed first and later the myeloid (pol) nuclear) elements, with an 
inciease in the number of lymphoid cells 

Kornblum, Boerner and Henderson studied before and after roent- 
gen therapy ceitain featuies of the blood of 48 patients who did not 
have outstanding disease of the hemopoietic organs After treatment, 
over half the patients showed a decrease m the red blood cell count and 
volume index, ovei 83 per cent showed a decrease m the leukocyte count, 
over 72 per cent showed a deciease in the number of neutrophils and in 
the platelet count, and ovei 81 per cent showed a decrease in the number 
of lymphocytes The authors concluded that roentgen irradiation 
“depresses” the bone mariow and slows the production of cells This, 
however, does not explain the fact that aftei irradiation many patients 
m their series showed just the opposite effect, namely, an increase m 
numbers Yet they feel “no stimulating effects were observed ” The 
authors studied the blood of 100 patients with various types of cancer 
and lymphoblastoma treated with a wide range of doses of roentgen rays 
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or radium They concluded that with therapeutic doses there was no 
significant effect on the red blood cell count or the hemoglobin percentage 
and that anemia per se was not a contraindication to radium therapy 
The greatest decrease occurs in the lymphocyte and then m the neutro- 
phil count, while the monocyte and eosinophil counts are least affected 
The part of the body treated and the dosage appeared to be minor fac- 
tors compared with the size of the area treated The leukocyte count 
usually returns to normal in five weeks , if it is prolonged to eight weeks 
the prognosis is unfavorable Liver extract did not prevent the reduc- 
tion m the leukocyte count or restore it to normal after treatment 
Ii radiation did not predispose to infection “From a practical point of 
view,” the authors concluded, “the effects of irradiation on normal blood, 
as determined by the blood count, are of little clinical significance ” 
Furth, Tuggle and Breedis,^®^ in expeiimentmg with the action of x-iays 
on neoplastic cells, found that atypical cells of monoculear leukemia sur- 
vived exposure to 5,000 roentgens but could not reproduce the disease 
after exposure to 15,000 roentgens Virus diseases survive this dosage 
of roentgen rays, suggesting that neoplasms are not virus diseases After 
irradiation, the cells do not die at once but reproduce for several genera- 
tions (m vitro) before they degenerate and die Yamashita^®® found a 
marked reduction in the number of leukocytes and lymphocytes in rats 
11 radiated with neutrons, although the neutrophils were increased in 
number Eosinophils disappeared quickly, the monocytes were first 
slightly increased m number and later slightly decreased There was 
a slow decrease m the number of erythrocytes and m the hemoglobin 
content Anemia was evident m all the organs, with a reduction m the 
size of the spleen, testis, ovary and bones 

In tumor-bearing animals, Clarkson, Mayneord and Parsons noted 
profound anemia after irradiation Iron deposits were found m the 
spleen, fatty changes were present in the liver and kidneys and the 
amount of lymphoid tissue was reduced 

Doan found that during treatment with artificial fever, there was 
polymorphonuclear neutrophilia (newly delivered cells) There were 
destruction of lymphocytes and delayed monocytosis (younger forms) 
In induced pyrexia with malaria treatment or Bacillus typhosus, there 
IS marked leukopenia during the chill In typhoid pyrexia there is a 
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temporary disappearance of the peripheral monocytes, but a moderate 
stimulation with typhoid vaccine and a marked stimulation from malaria 
treatment occur In the latter type, clasmatocytes appear in the peri- 
pheral blood 

Bensley, Rhea and Mills described the cases of a brother and sister 
with familial idiopathic methemoglobinemia Only 5 cases had been 
recorded previously Methemoglobm was identified spectroscopically, 
and the content of oxygen-carrying hemoglobin was less than the total 
hemoglobin content No extraneous cause for the cyanosis was found 

Minot has reviewed the effects of lead on the growth of plant and 
animal tissue, enz)'me activit}'', formation of immune bodies, red blood 
cells, white blood cells, skeletal and smooth muscle and nervous and 
other systems 

THE BLOOD IN DISEASE OF THE KIDNEYS 

Lowmger studied azotemic anemia (nephritis) by means of bone 
marrow puncture The anemia is of the nonregenerative type, with 
inhibition of the maturation of the erythroblasts by a toxic substance 

Ishida found that anemia followed glomerular injury with reagents 
but not when the tubules were damaged The anemia-producing factor 
was insoluble in water, but it dissolved in lipoid solvents and was saponi- 
fiable 

Drury produced lenal insufficiency m rabbits by limiting tlie blood 
flow in one kidney and later removing the other Moderate anemia 
developed rapidl)’’ after the reduction of the total renal mass Hemor- 
rhage into the wall and lumen of the intestine was noted in many of the 
animals 

From roentgenograms of the bone marrow of patients with chronic 
nephritis, Nordenson concluded that there was a mild degree of 
aplasia of the precursors of red blood cells, without involvment of the 
white blood cells The number of nucleated red blood cells vas de- 
creased 
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POLYCYTHEMIA 

Haden pointed out that whereas the total blood volume is constantly 
increased in polycythaemia vera, the plasma volume is seldom greater 
than normal The red bood cell mass per kilogram is the most sensitive 
indicator of the changes in the red blood cells The red blood cell mass 
IS constantly high in polycythaemia vera but not significantly changed 
in symptomatic polycythemia The total mass of red blood cells is a 
guide for the control of treatment 

Hallock found that whereas in noimal persons the average lactic acid 
concentration of the venous blood during rest was 13 9 mg per hundred 
centimeters and 16 3 mg after mild exercise, in polycythaemia vera the 
values were 17 8 and 15 1 mg , respectively The same response to exer- 
cise, however, was found after reducing the red blood cell count and 
hemoglobin percentage to normal, suggesting that the disturbance of 
lactic acid metabolism m polycythaemia vera was dependent on some 
primary factor, to which the polycythemia itself was secondary In the 
polycythemia of congenital heart disease the figures were 17 5 and 32 2 
mg per hundred centimeters, respectively, and in marked emphysema 
the numbers weie 19 8 and 22 2 mg 

Glasser described the successful treatment of a 60 year old poly- 
cythemic woman with phenylhydrazine hydrochloride Splenomegaly 
and hepatomegaly were unusually marked Three of the patient's 
brothers and nephews had hemophilia 

Di Gughelmo^®^ described acute erythremic myelosis (acute erythie- 
mia) as a clinical entity It is characterized by severe anemia, in egular 
or remittent fever, splenomegaly, moderate hepatomegaly, the presence 
of basophilic erythroblasts m the blood, primary hyperplasia of the ery- 
thropoietic tissue, proliferation of the cells of the reticuloendothelial 
system, a duration of from one to two months and a fatal outcome In- 
complete and atypical forms are encountered The disease occuis in both 
sexes and at all ages Therapeutic efforts (liver, arsenic, an iron prepa- 
ration or blood transfusions) are unavailing 

Rodes found pol 5 '’cythemia (red blood cells, 7,540,000 , hemoglobin, 
118 per cent) in a 25 year old man with multiple hemangioma of the lung 
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Clinically there were cyanosis of the lips, clubbing of the fingers and toes, 
jaundice, hemangiomas (small) of the lips and a history of hemoptysis 
Death resulted from rupture of a hemangioma into the bronchus 

Stone and Woodman described a patient with polycythaemia vera 
in whom “leukoerythioblastic” anemia developed The value for 
nucleated red blood cells m the peripheral blood rose to 84,000 and that 
of the white blood cells to 94,500 per cubic millimeter Death resulted 
from cardiac failure There was megakaryocytic hyperplasia of the 
upper Uvo thirds of the femoral marrow with myelosclerosis below 
J\Iultiple foci of extramedullary hemopoiesis were found Lymph 
glands showing caseous foci -with acid-fast bacilli were present 

Cases illustrating the association of polycythemia and peptic ulcer 
Avere described by Sansone and Schneideibaur 

Davis found that liver feeding i educed the polycythemia caused 
m dogs by exercise or cobalt chloride, m spite of the continuation of 
these agents On cessation of the liver therapy, the polycythemia 
returned Stomach U S P and liver exti act by mouth were not eflfec- 
tive, although one kind of liver extract given by daily intramuscular 
injections produced the same effect as wdiole Iner m i educing the blood 
count Majoi,-^® ho\vever, found that liver extract produced no specific 
effect when given to patients with polycythaemia vera 

Evesen considers that the action of phenylhydrazme in polycythae- 
mia vera is peripheral, the bone marrow being stimulated, not depressed 
The same dosage may vary as to its effects on different patients The 
first course of treatment should be given with the patient under hospital 
observation In patients over 60 years of age the reaction is more rapid 
and severe, especially if arteriosclerotic or visceral disease is present 

McAlpin and Smith analyzed the cases of 14 patients with poly- 
cythaemia vera treated wnth acetylphenylh} drazine Of these, 9 w^ere 
helped , 2 others, wuth peptic ulcer, -were helped only temporarily Three 
patients died Two necropsies did not suggest toxicity of the drug, the 

209 Stone, D M , and Woodman, D Polj'cvthaemia Terminating in Leuco- 
Er 3 "throblastic Anaemia, J Path & Pact 47 327, 1938 

210 Sansone, L Osservazioni e consideraziom sulle poliglobulie. Arch per 
le sc med 64 451, 1937 

211 Schneiderbaur, A Polycythaemia vera und Ulcus duodeni, Ztschr f klin 
Med 133 474, 1938 

212 Davis, J E The Reduction of Experimental Polycythemias by Liver 
Administration, Am J Phjsiol 122 397, 1938 

213 Major, R H The Effect of Liver Extract on Polycythemia Vera, J 
Lab & Clin Med 24 65, 1938 

214 Evesen, O K The Action of Phenylhydrazme in Polycythaemia Vera, 
Acta med Scandinav , 1938, supp 90, p 288 

215 McAlpin, K R , and Smith, K E Polycythemia Vera Report of 
Fourteen Cases Treated with Acetylphenylhydrazine, New York State J Med 
38 101, 1938 



STURGIS ET AL— BLOOD 


159 


third patient probably had Ayerza’s disease One patient became jaun- 
diced, and 2 sho^ved a susceptibility to the drug in usual doses The 
authors concluded that acetylphenylhydrazine is probably more effective 
and less toxic than phenylhydrazine hydrochloride 

Kandel and LeRoy found that ascorbic acid had no influence on the 
red blood cell counts and hemoglobin levels of patients with polycythae- 
mia vera 

Sohval desciibed a case of polycythemia in which hepatic enlarge- 
ment suddenly appeared and ascites and jaundice developed rapidly, 
owing to thiombosis of the hepatic veins Hepatic enlargement was 
found to be model ate or maiked m 30 of 60 cases of polycythemia 
Marked enlaigement of the spleen often indicated a complication, such 
as phenylhydrazine jaundice, leukemic transformation, myocardial 
decompensation, hepatic cinhosis or thrombosis of the hepatic veins 

Rosenthal and Bassen reviewed 13 cases of polycythemia, illustrat- 
ing various courses and terminations The blood picture may become 
leukemic, thrombocythemic or anemic or may show combinations of 
these phases 

PURPURA HAEMORRHAGICA 

Bleeding may result from a decrease in the number of platelets, altera- 
tions in the plasma or changes m the permeability of the capillaries 
The etiologic factors which produce these changes are manifold and have 
lesulted in the description of various types of purpura A clinical classi- 
fication accoiding to the complexities of the physiopathologic process 
and the multiple etiologic factors is of somewhat doubtful value 

Torrioh and Puddu made extracts from spleens of patients with 
thrombopenic purpura When this material was mixed with cultures of 
guinea pig bone marrow, marked injury to the megakaryocytes occurred 
The authors were unable to identify this thrombopenic substance They 
stated that it was also present in extracts made from a noimal spleen, 
liver, lung, red muscle and lymphatic material but m lesser amounts 
They were able to detect its presence in the blood of the splenic vein but 
not in that of the artery Similar observations were made by Troland 
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and Lee,^^° with the exception that they could not identify or isolate this 
substance in extracts from normal or other types of diseased spleens 

Purpura may be congenital or acquired Dennmgei reported 2 
cases of the fulminating type occurring m the same family From the 
information given, his conclusions are questionable Lymphoid hyper- 
plasia associated with thrombopenic puipura was described by Cooley 
Toxic purpura complicating scailet fever was observed by Fox and 
Enzer A similar type of purpura was noted by Stoesser and Lock- 
wood m varicella, and by Welt and Kasnetz m lubella Purpura 
resulting from drug poisoning may be due to a deciease m the platelet 
count or capillar}'- injury Hill,^"“ Joekes,-"^ Moody and Hoffman, 
Kahn and Fitzgibbon all reported cases of purpura following the use 
of sedormid (allyhsopropylacetylcarbamide) Allergic purpura due to 
sensitivity to the toxin of hemolytic streptococci was obseiwed by Ellis 
Dutton noted allergic purpura following the ingestion of citrus fruits 
Purpura due to benzene poisoning was noted by Kei n 

The symptoms associated with purpura aie varied, depending on the 
location and severity of the hemorrhages, the cause of the condition, and 
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any existing disease which may be present Cook commented on the 
complications arising from bleeding in persons who require dental care 
The erythema crises of the visceral type of involvement have been 
emphasized by Poll This author pointed out that hemorrhage is 
more common in males, especially in adolescent and early adult life An 
interesting observation was made by Abbott, who studied the course 
of infection in a case of purpura before and after splenectomy Preced- 
ing the operation, the platelet count was decreased After operation, m the 
presence of infection, the platelet count increased, as did the white blood 
cell count, and decreased as the infection subsided 

As the cause of purpura cannot be determined m every instance, treat- 
ment frequently results m failure Further, since remissions are not 
uncommon, an evaluation of any therapeutic procedure is difficult 
Doan recommended splenectomy in purpura with a platelet deficiency 
Aitken observed a patient with thrombopenic purpura whose platelet 
count remained at a low level for at least one year after operation 
Fleischhacker suggested the early use of kephrine hydrochloride 
(methylaminoacetopyrocatechol hydrochloride) but recommended splen- 
ectomy for chronic purpura Roentgen therapy has been employed by 
innumerable investigators Jones, Tocantins and Smith believe it 

beneficial m certain selected cases of purpura Garland suggested 
its use in various other hemorrhagic disorders, such as uterine bleeding, 
epistaxis, gastric oozing, chlorosis and melena neonatorum Autohemo- 
therapy has been successfully used by Saxon Imerman and Imer- 
man®^^ were able to control the hemorrhages in purpura by means of 
large doses of snake venom The therapeutic effect of vitamin P has 
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been carefully studied by Jersild,*^" It is his opinion that the vitamin 
IS specific in the Schonlein-Henoch purpuras 

Since spontaneous cures aie not uncommon, a conservative attitude 
must be adopted concerning the various therapeutic agents lecommended 
Elliott pointed out that the suction test foi capillaiy resistance in pur- 
pura IS most helpful Although it is not infallible, it appears to be a bet- 
ter index of bleeding than the platelet count and is affected earlier after 
splenectomy, thus serving as a valuable aid in determining the effect of 
treatment 

HEMOPHILIA 

Although hemophilia was recognized in early biblical times, Otto, m 
1803, was the first accurately to desciibe this disease The essential 
characteristics are its mheiitance, the occurience in males, transmission 
by females, a history of repeated hemorrhages, a pi olonged clotting time 
and a noimal bleeding time Riddell and Haldane"'*^ have emphasized 
the importance of the hereditary aspect of the disease The familial inci- 
dence of hemophilia has also been stressed by Glasser 

Because of the disturbance in the clotting mechanism of the blood, 
complications due to hemorrhages are extiemely common It was pre- 
viously pointed out that about 78 per cent of hemophiliacs have ortho- 
pedic complications and approximately 60 per cent have permanent 
deformities A case of hemophilia with a fatal spontaneous hemorrhage 
from a pharyngeal abcess has been reported by Laurent The serious- 
ness of -abnormal bleeding as a surgical risk has been reviewed by Mertz 
and Meiks These authors cited a case of fatal nephi ectomy m which 
the bleeding could not be controlled by transfusions or any other known 
methods It is the impression of these investigators that the clotting 
time cannot be a satisfactory criterion of the clinical course 

There is no known specific theiapy Clark and his co-workers"^’ 
described a preparation made from egg white which has proved satis- 
factory in reducing the clotting time when given parenterally Pohle 
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and Taylor have demonstrated that a globulin substance derived fiom 
beef plasma is most effective in controlling hemorrhages in hemophiliacs 
when applied locally However, it is of little value when taken orally 
These same authors have also shown that normal or lyophihzed plasma 
contains some unknown substance which aids m the reduction of the 
clotting time The factor is not present m globulin Lawson and Gray- 
beal recommended frequent venesection to reduce the bleeding 
tendency m hemophiliacs, as it is their opinion that increased venous 
pressure and damaged capillaries may be contributing factors to the 
hemoi rhage 

BLOOD CLOTTING 

The various theories concerned with clot formation have been 
reviewed by Magath,^'^^ who also stiessed the importance of the role of 
vitamin K m the development of a blood clot and its relation to pro- 
thi ombin The historical development, research problems and chemistry 
of vitamins K and P have been summai ized by McCay The best 
sources of vitamin K, as pointed out by Osteiberg,^^^ are hog hvei oil, 
cabbage, spinach, tomatoes and alfalfa Dam and Glavind have 
investigated the vitamin K content of various plants by the curative tech- 
nic The richest sources are green leaves, chestnut leaves being the most 
potent The strength of the vitamin was only slightly altered when the 
leaves were withering, and the vitamin was equally distributed through- 
out the leaves, especially m those with alternating yellow and green areas 
Flowers, roots and seeds were poor sources The lower plants had con- 
siderably less vitamin K than the higher plants Germination in the 
light enabled peas to synthesize a considerable amount of the vita- 
min, but the same plant synthesized only a limited amount m the dark 

248 Pohle, F i-J , and Taylor, F H 'L The Use of a Globulin Substance 
Derived from Beef Plasma as a Local Hemostatic in Hemophilia, J Clin 
Investigation 17 677, 1938 

249 Pohle, F J , and Taylor, F H L The Coagulation Defect in Hemo- 
philia Studies on the Refractory Phase Following Repeated Injections of 
Globulin Substance Derived from Normal Human Plasma in Hemophilia, J 
Clin Investigation 17 779, 1938 

250 Lawson, G B , and Graybeal, A B Hemophilia Treated by Venesection, 
J A M A 111 2104 (Dec 3) 1938 

251 Magath, T B Coagulation of Blood with Special Reference to Pro- 
thrombin, Proc Staff Meet , Mayo Clin 13 67, 1938 

252 McCay, C M Other Factors Less Well Known Vitamins, JAMA 
110 1441 (April 30) 1938 

253 Osterberg, A E Vitamin K — ^Its Distribution and Chemical Properties 
Methods of Preparation and Assay, Proc Staff Meet, Mayo Clin 13 *72, 1938 

254 Dam, H , and Glavind, J Vitamin K in the Plant, Biochem J 32 485, 
1938 



164 


ARCHIVES OF INTERNAL MEDICINE 


Almquist and his co-workers were able to demonstrate the presence 
of vitamin K by assay methods in materials acted on by various bacteria 
They suggested that the vitamin was a product of bacterial metabolism 

As pointed out by Osterberg, vitamin K is fat soluble, and non- 
nitrogenous, has an aromatic nucleus, but contains no phosphorus or sul- 
fur It has no sterol ring and is alkali labile, heat stable and optically 
inactive, with a molecular weight of 600 

An accurate method of estimating the prothrombin level and of deter- 
mining the role of prothrombin in clot formation has been described by 
Quick This investigator frequently has demonstrated the produc- 
tion of hemorrhagic disease m chides on diets deficient in vitamin K, 
the bleeding is apparently related to a prothrombin deficiency and occurs 
when the level of prothrombin is less than 20 per cent of normal 
In human beings, bleeding usually occurs when there is a 90 per 
cent deficienc}^ or more Prothrombin deficiency may be produced 
not only by a deficient intake of vitamin K, as pointed out by Quick, but 
also by hepatic damage, failure of absorption and a direct toxic effect, as 
seen in sweet clover disease Thayer and his colleagues,^®’' as well as 
Ansbacher, have also demonstrated the presence of a hemorrhagic 
tendency in chicks on deficient diets They have been able to alleviate 
the bleeding by giving vitamin K Ansbacher has recommended this 
method of assaying the potency of the product Both the amount of 
material necessary and the duration of the therapeutic effect of the vita- 
min may be accurately determined 

A bleeding tendenc}'’ and a prothrombin deficiency have been produced 
in dogs with biliary fistulas by Smith and his collaborators These 
authors conclusively demonstrated the failure of absorption of vitamin K 
when bile was absent from the gastrointestinal tract The addition of 
bile to the normal diet restored the lowered prothrombin level to normal 
The addition of vitamin K alone to the diet was of little value, as was 
also true of vitamins A and D Similar clinical observations were 
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reported by Snell Butt, Snell and Osterberg,“°’- and Warner, Brink- 
hous and Smith for patients with obstructive jaundice Those with 
a bleeding tendency associated with obstructive jaundice had a markedly 
reduced prothrombin level, which could be restored to normal by the 
addition of bile alone to the diet, or bile plus vitamin K, with the subse- 
quent elimination of the hemorrhages Dam and Glavind stated that 
thiombopema, aplastic anemia, hemophilia, nontropical sprue, myeloma, 
acute hepatitis, obstructive jaundice, cholelithiasis and carcinoma have a 
definite influence on the clotting time It is their impression also that 
the bleeding tendency is a result of vitamin K deficiency, with an asso- 
ciated decrease in the prothrombin level 

Ferguson stressed the importance of the quantitative relations of 
calcium and cephahn in thrombin formation By means of a carefully 
standardized and controlled technic the author has demonstrated that 
calcium IS a more fundamental determinant of the thrombin formation 
and that cephahn has a secondary influence up to a certain point m 
increasing the thrombin formation Quick has pointed out that anti- 
thrombin is an albumin or a substance closely associated with this frac- 
tion Heparin is not antithrombin, but because of its affinity for the 
albumin, it intensifies the inherent antithrombic activity of this material 
MacFarlane has reported a case of fibnnopenia in a young boy with 
an associated bleeding tendency 

The role of the blood platelets in hookworm anemia has been studied 
by Landsberg He produced the disease by infecting dogs, but regard- 
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less of whether or not the disease was fatal, there were no alterations 
in the circulating platelets or any noticeable toxic effect on the bone mar- 
row 

BANTfs DISEASE 

Since 1881, when Banti described the disease which bears his name, 
sufficient evidence has accumulated to question the existence of this syn- 
drome Banti postulated that an unidentified toxic agent is the etiologic 
factor and that this substance is carried to the spleen, with secondary 
involvement of the liver Sclerosis of the splenic vessels, atrophy of the 
malpighian corpuscles, induration of the pulp, sclerosis of the portal sys- 
tem and ati opine cirrhosis of the liver were the pathologic changes 
obseived Splenectomy effects a cure 

Menon produced splenomegaly in rats and rabbits by narrowing 
the lumen of the portal vein for various lengths of time The splenic 
sinuses appeared dilated, and there were distention of the pulp and tra- 
becular veins, variable atrophy of the pulp and onl}'’ a slight fibrillary 
inci ease H}'^perplastic reactions were absent Complete obstruction of 
the portal vein was invariably fatal to the rats in three to forty-eight 
hours and to the i abbits m twenty to ninety-six hours He concluded that 
portal obstruction is probably not the cause of Banti’s disease How- 
ever, Hines and Fitzgerald offered evidence from the autopsy study 
of a patient with so-called Banti’s disease showing that the maintenance 
of hypertension m the sclerotic portal system is the etiologic factor m the 
production of the pathologic changes chaiactenstic of hepatohenal cir- 
rhosis 

Kemp and Howells-"^ have leviewed reports of large series of 
cases of Banti’s disease The outstanding symptoms and signs, m the 
order of their frequency, are splenomegaly, weakness, hemorrhage, 
enlargement of the liver, jaundice and ascites The anemia present may 
be microcytic oi macrocytic The foimer is undoubtedly due to acute 
or chronic hemorrhage Howells dnuded his cases into thiee groups 
according to the severity of the anemia and stated that approximately 
81 per cent of the patients ^\lth seveie anemia had hematemesis, 
whereas in the gioup with slight anemia, no hemoirhage was observed 
The macrocytic anemia is probably due to the interference of erythro- 
poiesis as a result of failure of the abnormal hvei to store or present fo’ 
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utilization to the bone marrow the substance necessary for the maturation 
of red blood cells 

Although there is considerable disagreement as to the existence of 
this disease, Rubnitz,^"- Alessandri and De Candia and Floriani 
stressed the importance of an accurate diagnosis m governing the selec- 
tion of proper treatment De Candia and Floriani suggested the 
intramuscular use of thymic extract as a method to differentiate the 
splenomegalies They could produce an increase m the number of red 
blood cells, leukocytosis and splenic contraction m normal persons, as 
well as those with malaria, by intramuscular injections of thymic extract, 
but no changes were obseived m patients with Banti’s disease , hence, the 
suggestion that this test could be employed as a diagnostic procedure 
Splenectomy has long been considered the accepted treatment for this 
type of splenomegaly A resume of the early literature is misleading, 
as many of the reported cases were not cases of Banti’s disease Fur- 
ther, the disease may run a protracted course, so that any conclusions 
concerning the benefits derived from splenectomy must be guarded 
Alessandri stated that removal of the spleen is indicated if portal throm- 
bosis IS not present Dods believes that operation is to be recom 
mended only in the early course of the disease but is not enthusiastic 
about the results Kemp has suggested ligation of the varices as well 
as splenectomy or ligation of the splenic artery Howells is of the 
opinion that splenectomy does not affect the disease process Iron may 
or may not be of value in eliminating the anemia In his series, patients 
treated conservatively on a medical regimen lived as long as or longer 
than those with the spleen removed He has suggested that the apparent 
difference in the life span of those opeiated on and of those not opeiated 
on may be due to the high mortality rate, associated with the surgical 
procedure 

INFECTIOUS MONONUCLEOSIS 

In a most comprehensive review Tidy has summarized the various 
features relative to glandular fever and infectious mononucleosis The 
disease was first described by Filatow, in 1885 Pfeiffer, m 1889, Des- 
plats and Horschelmann, m 1894, Sprunt and Evans, m 1920, Lancope, 
in 1920, and Downey and McKinley, m 1923, have all made impoitant 
contributions relative to this disease 
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As pointed out by Tidy, various organisms have been isolated and 
described as the etiologic factor of infectious mononucleosis, but none of 
them has ever been confirmed by any one other than the original investi- 
gator The disease has occurred m various parts of the world m spo- 
radic or epidemic form Persons of either sex or of any age may be 
afflicted with glandular fever, though it is much more common in per- 
sons under 40, especially children 

The clinical course of the disease, as emphasized by Blum,-'’' may be 
divided into three types glandular, involving the lymphoid tissue in the 
cervical, axillaiy and inguinal regions, angiose, m which the symptoms 
involving the throat are outstanding , and the febrile type, which is most 
difficult to diagnose The most common symptoms, as described by vari- 
ous clinicians, are general malaise, headache, tenderness of the glands, 
sore throat, chilliness, backache, coryza, anorexia, sweating, weakness, 
cough, dizziness, soreness and bleeding of the gums, nausea, stiff neck, 
epistaxis, stomatitis, abdominal pain, rash, photophobia and conjuncti- 
vitis Trible commented on the oial lesions occurring in the various 
blood dyscrasias It is his opinion that infection is the primary cause 
and that the resulting blood picture enhances the condition Behveau 
and Russell described a case of infectious mononucleosis in a 19 year 
old girl in whom the outstanding symptoms were similar to those of acute 
appendicitis These authors also emphasized the symptoms related to 
the throat and stated that they may occur late m the course of the mal- 
ady 

The more common physical signs are fever, enlargement and tender- 
ness of the glands, injection and ulceration of the mouth and throat, 
enlargement of the spleen, hypertrophy of the tonsils and a maculopapu- 
lar rash Although enlarged glands are present in practically all cases 
and tenderness in more than half, suppuration of the glands is most 
rare 

The prognosis is excellent The disease is apparently self limited, 
with relapses and remissions not uncommon Often the course may be 
protracted, and both glandular and hemopoietic changes may be present 
for months 

The diagnosis usually can be made by the characteristic clinical and 
laboratory features Leukocytosis of varying degree is present at some 
time during the course , leukopenia may be obsen'^ed at the onset There 
IS present in increased numbers an atypical mononuclear cell, which is 
generally considered to be a lymphocyte, though all investigators will 

277 Blum, L L Infectious Mononucleosis, J Indiana M A 31 296, 1938 

278 TriBle, G B Clinical Manifestations in the Nose, Throat and Sinuses m 
Diseases of the Mononucleosis Type, Tr Am Acad Ophth 42 367, 1937 

279 Behveau, R A , and Russell, B W Infectious Mononucleosis (Glandular 
Fever) Report of a Case Presenting Symptoms of Acute Appendicitis, Maine 
M J 29 167, 1938 



STURGIS ET AL— BLOOD 


169 


not concur with this opinion The heterophile antibody test (Paul and 
Bunnell) appears to be practically specific for glandular fever (serum 
sickness to be excluded) Davidsohn has again confirmed the value 
of this procedure and has devised a presumptive test which he believes 
will be of greatest value m borderline cases The nature of the anti- 
bodies m infectious mononucleosis has received considerable attention 
Bernstein and Hatz ^82 have called attention to the falsely positive 
reaction to the Wassermann test and its occurrence in this disease 
These authors are of the opinion that the antibodies for these tests are 
not the same Davidsohn studied the isoagglutmins in various leu- 
kopoietic disorders and observed that the titers in infectious mononucleo- 
sis are within the normal range 

Since the disease is self limited and the cause unknown, no specific 
treatment has been devised Rest in bed, forcing of fluids, a high cal- 
oric diet and any other necessary palliative measures are indicated 

GRANULOCYTOPENIA 

Since the widespread recognition of granulocytopenia, following the 
clinical description of the syndrome by Schultz m 1922, many articles 
concerning its etiology, pathology, prognosis and treatment have 
appeared Reports relating to the disease during the past year have 
been concerned chiefly with three of its aspects, as follows the etiologic 
significance of certain drugs, especially sulfanilamide , the apparent 
decreasing incidence of the disease, and the evaluation of various types 
of therapy 

An excellent summary of contemporary knowledge concerning the 
neutropenic states has been given by Kracke He considers that until 
recently leukopenia has been regarded as secondary because it is usually 
in association with some other disease The conditions which are stated 
to be characterized by neutropenia are measles, German measles, mumps, 
influenza of the respiratory tract, chronic malaria. Brucellosis, typhus 
fever, typhoid and overwhelming infectious processes due to pyogenic 
organisms Furthermore, neutropenia is frequently observed m Banti’s 
disease, some of the lymphogranulomas, glandular tuberculosis and 
many conditions m which the bone marrow is directly involved, such as 
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multiple myeloma, miliary tuberculosis and bone marrow carcinomatosis 
Although It is stated frequently that secondary neutropenic states are 
brought about by the action of bacteiia or their toxins, he considers 
that there is scant proof available in support of this He is quite leady 
to admit, however, that in some cases theie is an infectious factor The 
explanation of the neutropenia in some of the infectious diseases, he 
believes, is that the available circulating leukocytes are drawn to the site 
of the infection in order to combat it Benzene, gasoline fumes, exces- 
sive radiation from radium, roentgen lays and sunlight, dietaiy deficiency 
and adrenal insufficienc}^ are also mentioned as causes of neutropenia 

A more extensn'-e discussion has been given by Kracke of the etio- 
logic significance of the pain-i eheving drugs, especiall}'^ ammopyrme, 
in relation to the syndrome of granulocytopenia Although there are 
a number of reasons foi considering that this substance is the cause of 
the syndrome in many cases, he considers that definite proof has come 
from two lines of lesearch The most conclusive of these is that neutro- 
penia can be leproduced by the administiation of as little as a single 
dose to a susceptible person The othei is the complete disappearance 
of the disorder from Denmaik when the use of ammopyrme was foi- 
bidden by governmental decree It is his opinion that arsphenamine, in 
addition to causing aplastic anemia, may be responsible likewise for 
gi anulocytopenia, in which the involvement of the marrow is limited 
exclusively to depression of the granulocytes He hkevise believes that 
dinitrophenol can produce marked leukopenia, but as the other severe 
untoward effects of the drug are now recognized, it is raiely used and 
IS therefore of little importance m the causation of gianuloc} topenia 

Sulfanilamide, in the opinion of Kracke, can cause gi anulocytopenia 
and, with the increasing use of this drug, it is predicted that an increas- 
ing number of cases will be encountered He was able to collect reports 
of 14 cases of the syndrome following its use Usually leukopenia fol- 
lowed the administration of large doses over a consideiable period He 
vas unable to discover instances in which the syndiome followed the 
administration of relativel}'’ small quantities of the diug. which led 
him to believe that the leukopoietic depression differs from that pro- 
duced by ammopyrme It is thought that sulfanilamide can at times 
cause increased activity of the leukopoietic centers which results in an 
extremely high leukocyte count, but no explanation has been offered for 
this appaient stimulation In our opinion the occurrence of striking 
leukocytosis in a patient with an infection, especially a child, who 
receives the drug may be due entiiely to the normal lesponse of the 
bone marrow to the infection 

In the aforementioned article a discussion of the mechanism of the 
production of the disease has been included It is believed that the initial 
change is cessation of cellular output, although we think that a better 
term would be reduction rather than cessation , this results in a decrease 
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m the numbei of granulocytes m the circulating blood nhich may pre- 
cede the appearance of symptoms by several days The mechanism by 
which the offending agent operates to depress the marrow function is 
not known, but, legaidless of the cause, it is considered that theie is 
frequently an arrest of maturation, as first suggested by Fitz-Hugh and 
Krumbhaar The clinical symptoms are coincident with bacteiial 
invasion 

Two important diagnostic points are emphasized by Khacke The 
first is that the patient with granulocytopenia seldom shows any dis- 
turbance of the hemoglobin, red blood cells or platelets of the circu- 
lating blood unless the process is prolonged It is made clear, however, 
that there is no reason why a patient with gianulocytopema should not 
have associated anemia This is especially true of those who have pre- 
viously been suffeiing from other diseases We should like to insist, 
however, that the presence of severe associated anemia often casts con- 
si dei able doubt on the diagnosis of true granulocytopenia A second 
point about which there appears to be general agreement is that these 
patients may exhibit a marked degree of prostration which seems entirely 
out of proportion to the physical signs In some instances, the physical 
examination may yield no other information except evidence of fever 
and prostration In our opinion, it is also true that there may be definite 
leukopenia at a time when few, if any, symptoms are present 

Kracke regards the present method of treatment as highly unsatis- 
factory and considers that “no one man probably has treated a sufficient 
number of cases to form a proper evaluation of theiapeutic agents ” He 
has pointed out that a patient with gianulocytopema is suffering from 
two distinct diseases , “not only is the patient depleted of granulocytes, 
but 111 addition to this, often times has become overwhelmed with invad- 
ing organisms ” On the basis that granulocytopenia is an emergency 
illness and that the use of any therapeutic agent of even possible value 
IS justifiable, it is his practice to give repeated blood tiansfusions, liver 
extract in “ten times the ordinary dosage by injection,” pentnucleotide, 
yellow bone mairow by mouth and symptomatic therapy Even with 
the use of these, he has admitted that the mortality rate in his recent 
cases very closely approximated that of the earlier years We are not 
entirely in agreement with these conclusions regarding therapy In the 
first place, owing to the decreasing incidence of granulocytopenia, it 
has not been possible to evaluate the newer therapeutic agents properly 
Secondly, the mortality late for those patients who have been treated 
symptomatically and who, it can positively be stated, have not been 
given aminopyrme in some form or another during the acute illness, 
IS not known We are m accord with his statement that much more 
can be done by preventing the syndrome than by treatment aftei it has 
once developed 



172 


ARCHIVES OF INTERNAL MEDICINE 


In a second comprehensive article Kracke has evaluated the data 
accumulated since 1931 which deal with the etiologic relation of certain 
drugs to granulocytopenia The evidence is summarized regarding the 
etiologic significance of ammopyrme, arsphenamine, dinitrophenol and 
sulfanilamide It is considered that conclusive proof is available winch 
indicates that the disease may be caused by ammopyrme This occurs 
only m an occasional person of the many who take the drug Further- 
more, it appears reasonable to conclude that the disease appears only m 
those who are allergic or sensitive to ammopyrme , therefore, the quantity 
which IS administered bears little relation to the production of the 
disease Incriminating information which points to the etiologic role of 
the substance is as follows First, the disease occurs most frequently 
111 those parts of the world where ammopyrme has the greatest use 
Studies of the sharply declining incidence m Denmark, where the drug 
IS now prohibited by law, are especially convincing Second, its occur- 
rence IS greatest among those persons m any given vicinity who are 
the greatest users of ammopyrme Third, a large majority of patients 
who have granulocytopenia are known to have taken the diug a short 
time prior to the onset of the condition Fourth, and this is the most 
convincing evidence, the administration of the drug to patients who 
have recovered from the disease is followed by a reduction m the number 
of polymorphonuclear leukocytes m the peripheral blood It has been 
emphasized that granulocytopenia may follow the use of a drug closely 
allied to ammopyrme, which is marketed under the name of novaldm 
(sodium phenyldimethylpyrazolon methylammomethane sulfonate) It 
has the same chemical formula except that one of the methyl groups 
attached to the ammo nitrogen is replaced by the sodium salt of methyl- 
sulfonic acid The etiologic significance of this preparation has been 
demonstrated by the occurrence of leukopenia after its administration to 
a patient who had suffered previously from an attack of granuloc 3 dopenia 
induced by ammopyrme It has been mentioned that antipyrme, which is 
the chemical precursor of and closely related to ammopyrme, has been 
suspected of producing the disease, but it appears to us that convincing 
evidence m this regard is lacking 

Kracke stated that the frequency of the disease m the southeastern 
part of the United States has decreased, as “the condition is now rarely 
seen,” and concluded that this is also true throughout the country He 
cited information, however, supplied by the United States Bureau of 
Vital Statistics for the years 1931 to 1936, inclusive, which indicates 
that there has been little change m the occurrence of the disease, as 
recorded m the mortality statistics, during these six years These data 
should be accepted with the reservation, however, that errors of diagnosis 
might make them inexact It is not inconceivable that other disorders, 

285 Kracke, R R Relation of Drug Therapy to Neutropenic States, J A 
M A 111 1255 (Oct 1) 1938 
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such as aplastic anemia or overwhelming sepsis, might be regarded 
incorrectly as tiue granulocytopenia On the other hand, improved 
methods of diagnosis might lead to the discovery of more cases, and 
as a result of a better understanding of the condition, it is possible that 
recovery occurs more commonl}^ than m previous years In our opinion, 
there has been a decrease m the incidence of the disease in recent years 
throughout the United States There is no convincing information 
available, however, which indicates conclusively that this is due to the 
less frequent use of aminopyrine or allied substances either alone or 
in combination with other drugs It can be suspected that this is the 
case because reliable data exist which indicate that the decrease of the 
incidence of the disease m Denmark paralleled the less frequent use 
of the drug 

It IS contemplated by Kracke that granulocytopenia will continue to 
follow the administration of aminopyrine for two reasons First, an 
occasional physician will continue to prescribe it , second, it will be used 
unlcnowmgly m combinations with other pharmaceutic agents Physi- 
cians are advised to refrain from the use of aminopyrine or analgesic 
agents that contain it, and patients should be warned against the dangers 
of self medication, particularly the purchase and use of pain-relievmg 
remedies for which the formulas are not available In general, we con- 
sider that this advice is sound, but certainly m one disease, acute rheu- 
matic fever, it is the drug of choice for those who cannot tolerate the 
salicylates The judicious use of aminopyrine m this condition cannot be 
condemned 

Other drugs which have been reported as possibly causing granulo- 
cytopenia have been discussed by Kracke He concluded that arsphen- 
amine, dmitrophenol and sulfanilamide are also unquestionably capable 
of producing the disease Others which have been suspected by various 
writers are novaldin (a derivative of aminopyrine), antipyrme, aceto- 
phenetidin, acetanilid, cmchophen, neostibosan (an antimony compound), 
quinine and gold salts A fairly complete list of the trade names of 
various preparations containing aminopyrine has been recorded m his 
article and should be useful to every phj^sician 

It IS entirely possible that all the drugs mentioned by Kracke and 
perhaps others as yet unrecognized are capable of producing the syn- 
drome of granulocytopenia Before accepting the etiologic relation of 
any given drug to the disease, however, the following points must be 
considered First, has it been demonstrated that the drug can produce 
definite leukopenia in a patient who has recovered from the disease which 
it IS alleged to have caused^ Second, is there reasonable proof that other 
recognized leukocyte-depressing drugs have not been taken ^ Third, 
can it be established that the leukopenia is a true granuloc3’^topenia and 
not due to sepsis or associated with some other blood dyscrasia^ Until 
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these criteria have been satisfied, the evidence in regard to any given 
drug cannot be regarded as unequivocal 

Kracke has referred to the review by Plum and the report by Blew 
dealing with the etiologic relation between arsphenamine, with and 
without associated bismuth therapy, and granulocytopenia In this sum- 
mary 14 cases are reported in which the hematologic defect was limited 
to granulocytopenia, and there was no anemia or hemorrhagic diathesis 
Other reports confirm this It has long been known that arsenic com- 
pounds can produce aplastic anemia, but it is important to establish 
that they can also cause true granuIoc 3 dopenia The evidence is sug- 
gestive but not conclusive that this is the case 

Kracke has summarized the data regarding 11 cases of granulocyto- 
penia following the administration of sulfanilamide which have been 
reported since Apiil 1937 and has added 2 of his own Death occurred 
in 10 of the 13 cases In his opinion, this drug should be added to those 
vhich are capable of producing the disease As the syndrome usually 
developed after the administration of large amounts of the drug (40 to 
50 Gm ), he has reemphasized that the mechanism of granulopoietic 
depression may be different from that following the administration of 
a single dose of ammopyrme We wish to stress, hovever, that unless 
an idiosyncrasy exists, it is difficult to understand why in only a very 
rare patient among the many thousands who have received this drug 
m the past few years the condition develops 

Fitz-Hugh stated that agraiiuloc} tic angina or, as he called it, 
pernicious leukopenia is now almost universally believed to be caused 
b}’’ an acquired sensitivity of the leukoc^hes, endothelium and leukopoietic 
tissues to certain drugs and other allergens (or potential toxins) He 
regards sensitivity, h3'^persensitivity and allerg3’' as S3monymous terms 
and, along with the expression idiosyncras 3 ’', as meaning drug allerg)'- 
When the latter term is used, he consideis that there has been a prior 
specific sensitizing contact, probabty acting through a drug-protein 
combination, which is followed b 3 ’' an allergic response on repetition of 
contact with the drug This reaction may be precipitated by a minute 
dose of the substance, and it does not necessaril 3 ’- resemble the usual 
pharmacologic or toxic action of the drug He listed the drugs which 
have been suspected or proved to be the allergic cause of granuloc 3 'to- 
penia as follows “ammop 3 'rme, dinitrophenol, arsphenamine and neo- 
arsphenamme, gold salts, the dieth 3 ’-lamine salt of stibanihc acid 
(neostibosan), acetophenetidin, sodium phenyl dimethyl p 3 'razolon methy- 
laminomethane sulfonate (novaldin), a preparation containing about 
equal molecular parts of ammop 3 ’-rine and S-ltydroxyquinolme-S-sulfonic 
acid [causahn], quinine, cinchophen, bismuth, 5 ,phen 3 'l- 5 ,eth 3 1- 

286 Fitz-Hugh, T , Jr Sensitivity Reactions of the Blood and Bone Marrow 
to Certain Drugs, J A At A 111 1643 (Oct 29) 1938 
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liydantoin (nirvanol), plasmoquine 8-dimethylamino-iso-aniyl 6 metli- 
oxyquinolme (plasmochm) and sulfanilamide ” Other causes which 
Fitz-Hugh would classify as “possible conditioning factors” in drug - 
allergy aie as follows endocrine disturbances, bacterial sensitization, 
cyclic toxemia, fatigue states, accidental and surgical tiauma, genetic 
predisposition and vitamin deficiency It is obvious that such an amazing 
group of possibilities can mean only that these conditioning factors, if 
they are of importance, have not been established on a firm scientific 
foundation 

It is emphasized again by this author that the mechanism leading 
to agranulocytosis is to be found in the arrest of matuiation of the leuko- 
cytes m the bone mariow We believe that this is the most acceptable 
idea of the pathologic change m the disease We see no leason, however, 
why the phenomenon of “sticking” of leukocytes to vascular endothelium 
should be postulated to explain the sudden temporary disappeaiance of 
granulocytes from the circulation (granulocytoclastic crisis) 

Fitz-Hugh has considered all the various forms of therapy m the 
treatment of this condition and emphasized that yellow bone marrow 
concentrate for oral administration is of real value 

The Relation of Sulfanilamide to Gianulocytopema — Since sulf- 
anilamide and its derivatives and allied substances are now commonly 
used m the treatment of various types of bacterial infection, it becomes 
increasingly important to consider the etiologic relation of these drugs to 
the syndrome of granulocytopenia In 1937 there were 8 and m 1938 
there were 9 published articles bearing on this subject 

Schwartz, Garvin and Koletsky have reported a case of granulo- 
cytopenia which developed after the administration of 48 6 Gm of 
sulfanilamide over a period of nineteen days The leukocyte count fell 
to 800 per cubic millimeter, and no granulocytes were present The 
lowest recorded level of the erythiocytes was 3,410,000 per cubic milli- 
meter Pentnucleotide (10 cc twice daily), liver (5 cc twice daily) 
administered intramuscularly and a transfusion of 500 cc of whole blood 
and typhoid vaccine intravenously weie given without effect The 
patient had a primary syphilitic lesion (probably a reinfection) and had 
received antisyphilitic therapy The last dose of neoarsphenamme had 
been given three years previously, mepharsen was last given fifty-six 
days before the development of leukopenia, bismuth and mercury had 
been admniistei ed mteimittently for more than five years without signs 
of intolerance Necropsy showed a maturation arrest of the myeloid 
series There was marked phagoc}d;osis of iron in the liver, spleen 
and bone marrow, which was interpreted as evidence that the anemia 
was hemolytic 

287 Schwartz, W F , Garvin, C F, and Koletsky, S Fatal Granulocj^to- 
penia from Sulfanilamide, JAMA 110 368 (Jan 29) 1938 
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The case of a man aged 22 who was treated with sulfanilamide 
for acute gonorrhea was reported by Berg and Holtzman The drug 
was administered in 10 gram (0 65 Gm ) doses every four hours 
After five days the use of this medication was discontinued on account 
of slight fever, cramps, gaseous eructations and nausea After an interval 
of four days, it was resumed, with the dose of 5 grams (0 32 Gm ) 
three times daily Seven days later there was a recurrence of the same 
toxic symptoms, and the use of the medication was again discontinued 
It was resumed once more, with a dose of 10 grams thrice daily, despite 
evidences of toxicity After eleven days the patient experienced chill 
and fevei (102 F ), and nausea, vomiting and prostration developed 
The lowest leukocyte count recorded was 1,600 per cubic millimeter 
(all lymphocytes) , the erythrocyte count fell to 2,600,000 per cubic 
millimeter and the hemoglobin value to 60 per cent We wish to empha- 
size that this case illustrates the need for the warning which is now 
well recognized, viz , that if the serious toxic manifestations of the drug, 
such as nausea, vomiting and fever, occur, they are likely to reappear 
if use of the drug is resumed after an interval 

Long, Bliss and Femstone reported on a patient with gonorrheal 
urethritis and arthritis who manifested the typical picture of agranulo- 
cytic angina toward the end of the third week of treatment with sulf- 
anilamide Procedures designed to rid him of the sulfanilamide were 
immediately instituted, and recovery followed within ten days These 
observers recorded the frequency of granulocytopenia as 0 3 per cent 
m their group of 307 adults and 101 children receiving sulfanilamide 
therapy 

Jones and Miller^®” reported the case of a man aged 26 who was 
given 2 4 Gm of sulfanilamide daily for ten days for acute gonorrhea 
At the end of this time he had headache, backache and fever ( 104 4 F ) , 
the leulcocyte count was between 9,000 and 10,000 per cubic millimeter, 
and there was moderate injection of the pharynx The use of the drug 
was discontinued, and the symptoms subsided with the fever, sulfanil- 
amide therapy was resumed, with doses of 0 9 Gm daily, being increased 
by that amount each day until a daily dose of 3 6 Gm was reached At 
this time the temperature again rose, and he had the feeling that “he 
was coming down with a cold ” The leukocyte count remained normal 
Therapy was again stopped, and the symptoms disappeared After an 

288 Berg, S , and Holtzman, M Fatal Granulocytopenia Following Sulfanil- 
amide Therapy, JAMA 110 370 (Jan 29'i 1938 

289 Long, P H , Bliss, E , and Femstone, W H Mode of Action, Clinical 
Use and Toxic Manifestations of Sulfanilamide, JAMA 112 115 (Jan 14) 
1939 Long, P H , and Bliss, E A Toxic Manifestations of Sulphanilamide, 
Ann Surg 108 808, 1938 
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interval of four days, 2 7 Gm of the drug was administered on one day 
only The next morning the leukocyte count was 4,100 per cubic milli- 
meter, with 25 per cent granulocytes The patient complained of 
headache, chilliness and general malaise On the following day the 
leukocyte count was 2,300, with 5 per cent neutrophils Yellow bone 
marrow concentrate, 80 di ops daily, was given, after which the leukocyte 
count lose rapidly Four days later he was symptomless It is intei- 
estmg to note that the sulfanilamide content of the blood was 5 6 and 2 8 
mg per hundred cubic centimeters during the second and third periods 
of intoxication, indicating that an overdosage, m the ordinary meaning 
of the term, had not been given The authors concluded that the patient 
had acquired an increased susceptibility to the drug The course of 
events m this case, we believe, illustrates clearly that a febrile reaction 
which develops during the course of sulfanilamide therapy is a sig- 
nificant warning which cannot be disregarded 

Johnston reported on 2 patients with granulocytopenia following 
the use of sulfanilamide whom he had observed and 10 previously 
reported on in the literature These were studied in an attempt to dis- 
cover common features which might help m the prevention, recognition 
and treatment of this condition The first case observed by him was 
that of a woman of 23 years with severe puerperal infection due to 
Streptococcus haemolyticus who was given 61 3 Gm of neoprontosil and 
sulfanilamide orally and intramuscularly over a period of twenty days 
On the eighteenth day of treatment the leukocyte count was found to 
be 1,520 per cubic millimeter, and no polymorphonuclear neutrophilic 
cells were present in the blood film “Marked secondary anemia” was 
also present Recovery followed discontinuance of the use of sulfanil- 
amide and prontosil, and the administration of pentnucleotide and a 
blood transfusion It is important to record that during her illness, the 
patient received 10 tablets of allonal (allylisopropylbarbitunc acid with 
ammopyrme) , each of which contained 0 03 Gm of aminopyrme, ovei 
a period of twenty-one days The second case was that of a woman 
aged 33 years with model ately severe puerperal infection due to Str 
haemolyticus who had been treated with prontosil orally and intra- 
muscularly for three days prior to admission to the hospital She 
received a total of 68 45 Gm of sulfanilamide and neoprontosil over a 
period of twenty-two days The leukocyte count fell to 3,500 per cubic 
millimeter, with 41 per cent of the cells of the polymorphonuclear 
neutrophil series There was also anemia, as indicated by a hemoglobin 
value of 56 per cent and a red blood cell count of 2,600,000 per cubic 
millimeter She recovered after discontinuance of treatment with 
sulfanilamide, the administration of pentnucleotide and a blood trans- 
fusion It IS noteworthy to record that this patient during her illness 

291 Johnston, F D Granulocytopenia Following Administration of Sulf- 
anilamide Compounds, Lancet 2 1044, 1938 
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also received 5 tablets of allonal over a period of eight days The 
observers -were cognizant of the possible etiologic relation of allonal 
to the agranulocytosis in the 2 cases but stated that in these cases it was 
“not very clear ” 

Johnston recorded 10 additional cases of granulocytopenia which 
had been reported up to the time his article was written and tabulated 
the mam details of each Five more cases which have been less fully 
reported were also mentioned He concluded that granulocytopenia with 
a high mortality rate may occur in certain susceptible persons after or 
during treatment with the sulfanilamide-prontosil group of drugs It 
IS not thought necessary to make routine leukocyte counts for all patients 
receiving these drugs, but frequent examinations of the blood should 
be made when there is pyrexia or an increase in pyrexia which is already 
present It is his conclusion that the duration of treatment is probably 
a more important factor m relation to the disease than the total dosage 
of the drug 

McGuiie and McGuire-®- reported the case of a woman aged 35 
with rheumatoid aithritis who received 15 grains (0 97 Gm ) of sulfanil- 
amide orally each day for thirty days and then received 5 cc of prontosil 
(disodium 4-sulfamidophenyl-2'-azo-7'-acetylamino-l'hydroxynaphthal- 
ene-3',6'-disulfonate) intramuscularly every six houis for three days 
Ulceiation of the throat and cervical adenopathy developed, and the 
leukocyte count was found to be 450 per cubic millimeter, with no 
granulocytes As the patient denied taking any othei drugs ^\hlch were 
known to cause granulocytopenia, it was concluded that sulfanilamide 
may have been the exciting factor in this case In an effort to prove 
this causal relation two months after recovery the patient was given 
7 5 grains (0 49 Gm ) of sulfanilamide daily, and the blood was 
examined each day at the same time After five days the total leukocyte 
count, which had been 13,050 per cubic millimeter, with 82 pei cent 
granulocytes, had deci eased to 9,250 per cubic millimeter, with 35 per 
cent granulocytes The test was discontinued, although it was not 
recorded that the patient complained of symptoms On the day after 
the use of the drug was stopped, the leukocyte count was 11,450 per cubic 
millimeter, with 62 per cent granulocytes It was concluded that these 
observations were strong evidence that sulfanilamide was of importance 
in the production of the leukopenia We believe that such studies as 
these are highly important and offer the only conclusive evidence that 
the drug can cause neutropenia, although significant supplementar}^ data 
may be obtained by clinical studies It is regrettable but understandable 
that more frequent leukocyte counts were not made, and the experiment 
continued until all question of the etiologic relation had been dispelled 

292 McGuire, P R , and McGuire, J P Agranulocytosis Following Use of 
Sulfanilamide Report of a Case, Illinois M J 73 425, 1938 
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The case of an 11 year old girl with multiple articular involvement 
associated with fever, anorexia, emaciation and progressive anemia was 
reported by Alpeit and Forbes^®® After the first few days of sulfanil- 
amide therapy there was leukocytosis (27,200 leukocytes, with 94 per 
cent granulocytes), which they were inclined to attribute to the medica- 
tion That this IS not necessarily the case is indicated by a subsequent 
greater leukocytosis at a period when the drug had not been given for 
some time A total dose of 12 2 Gm was administered over a period 
of one week, and then the treatment was discontinued for a similar 
interval At the end of that time, after 0 6 Gm had been taken, the 
leukocyte count was found to be 3,200 per cubic millimeter, with a 
total disappearance of granulocytes from the circulating blood The 
patient had a febrile reaction and vomited, oral lesions were present 
The sulfanilamide treatment was discontinued Convalescent strepto- 
coccus serum, three blood transfusions and four intramuscular injections 
of liver extract were given, and prompt improvement resulted, with 
subsequent complete recovery from the blood dyscrasia No reference 
was made concerning the administration of other drugs of etiologic 
importance, such as ammopyrme, which must be considered as a pos- 
sibility when the patient is suffering from an acute rheumatic condition 

Allen and Short repoited the development of agranulocytosis in 
an 18 year old girl during the course of treatment with sulfanilamide 
for a mild infection, presumably due to the gonococcus There was 
spontaneous recovery without recourse to any of the recommended 
forms of therapy for neutropenia In the authors’ opinion, no other 
drugs of etiologic significance were administered, so that sulfanilamide 
could be considered, at least presumptively, as the cause of the granu- 
locytosis A total dose of 15 9 Gm of the drug was given over a period 
of nine days without untoward effects After its use was discontinued 
for eight days, it was resumed on account of the persistence of the 
vaginal dischaige Four houis after she leceived a dose of 1 0 Gm , 
fever developed, and after a second dose, the treatment was discon- 
tinued Two days later it was resumed again, with a dosage of 2 4 Gm 
daily for two days At the end of this time the temperature reached 
103 F, but there was no evidence of oial or pharyngeal sepsis The 
leukocyte count was 2,900 per cubic millimeter, vith 64 per cent 
polymorphonuclear neutrophils The use of the drug was then 
permanently discontinued The white blood cell count continued to 
decrease, and finally all polymorphonuclear neutrophils disappeared 
The patient gradually improved and was discharged from the hospital 
twenty-four days after discontinuing the use of sulfanilamide The 

293 Alpert, G R , and Forbes, R P Granulocytopenia and Hyperleucocytosis 
Following Sulfanilamide Therapy, J Pediat 12 605, 1938 
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authors emphasized two points especially with reference to this case In 
the first place, there was absolute monocytosis, which they believe is a 
good prognostic sign, second, the earliest objective sign of granulocy- 
tosis was the increase in body temperature In their opinion, an 
idiosyncrasy rather than a cumulative toxicity is probably the mechanism 
in the production of granulocytopenia in these cases 

After a careful consideration of the literature, we. believe that the 
following conclusions regarding the etiologic relation of sulfanilamide 
to granulocytopenia are warranted 

1 Considering the widespread use of sulfanilamide, there is an 
extremely small number of patients m whom the syndrome of granulo- 
cytopenia develops 

2 Sulfanilamide is usually given to patients with sepsis, which in 
itself may admittedly cause marked leukopenia 

3 To say that sulfanilamide causes granulocytopenia should mean 
that the significant alteration in the blood is limited exclusively to a 
decrease m the number of granulocytes 

4 In some cases m which granulocytopenia following sulfanilamide 
therapy has been reported, other drugs that are known to produce the 
syndrome have been administered at the same time In some cases this 
information has been included in the report In others, in which no 
mention has been made concerning the use of other drugs, it is con- 
ceivable that ammopynne alone or m combination with other diugs 
may hav’’e been giv'^en 

5 No one has reported conclusive evidence that sulfanilamide will 
cause neutropenia when given to any one who has recovered from the 
syndrome of granulocytopenia 

6 In some instances, granulocytopenia has developed suddenly with 
the resumption of therapy after an interim of several days This sug- 
gests that the initial dosage may have sensitized the patient and that 
the subsequent granulocytopenia might be considered properl)'’ as an 
allergic manifestation 

7 An increase in the height of the temperature wdien fever is already 
present or the development of fever m a patient who is leceivmg sulf- 
anilamide should at once suggest the necessity for a careful examination 
of the blood to determine whether there is an alteration m the absolute 
number of polymorphonuclear leukocytes 

8 While pentnucleotide, blood transfusions, yellow bone marrow and 
liver extract may be of value in the treatment of patients who have 
granulocytopenia following sulfanilamide therapy, it is probable that the 
most important therapeutic procedure is the early and immediate dis- 
continuance of the use of sulfanilamide 



STURGIS ET AL— BLOOD 


181 


Othej Eftologic Factois — Reznikoff considers that there are four 
factors of importance in the causation of granulocytopenia These are 
(1) fatigue, (2) drugs, (3) menstruation and (4) infection He found 
that in 11 of 13 cases m which information on this point was obtained, 
there was a history of fatigue antedating the onset of the granulocyto- 
penia We desire to emphasize that it is difficult to evaluate the etiologic 
significance of fatigue, because it may lead to the use of the very drugs 
which are m themselves known to cause granulocytopenia Almost every 
patient m his series had taken aminopyrme, dinitrophenol, arsphenamine 
or allonal or had received roentgen treatment, which makes difficult 
the evaluation of fatigue as an etiologic possibility If it is granted that 
fatigue may play a role in the causation of the disease other than that 
of leading to the use of drugs which might produce it, there is no 
explanation or theory offered as to how it might act Although he 
agreed that drugs, especially aminopyrme, are important in causing 
granulocytopenia, he cited the figures of Jackson, who stated that in 
44 per cent of his cases no drugs had ever been used, a statement 
which, m our opinion, is difficult to prove Furthermore, the question 
is raised as to why a drug like aminopyrme may be taken for a con- 
siderable period of time without appaient ill effects and then the patient 
suddenly manifests the disease He does not consider this m keeping 
with the present conception of allergy and has stated that if it is a 
sudden manifestation of an Arthus phenomenon, it must be admitted that 
the precipitating factor is unknown This observer considers that in 
most cases infection is the result rather than the cause of the disease, 
but he still believes that it must be considered as one of the etiologic 
agents Rezmkoff believes that menstruation is undoubtedly an 
important etiologic factor in the disease and has stated that “many 
cyclical cases have been described in which this was the only etiologic 
condition and in which no drugs were known to have been used ” 
Although It cannot be denied that menstruation may bear a relationship 
to the disease, the evidence at best is only presumptive Here again, in 
appraising this matter, we believe that the situation is complicated 
because many women take aminopyrme alone or m association with other 
drugs for dysmenorrhea 

Rezmkoff is m accord with the belief that monocytosis is a favorable 
prognostic sign m granulocytopenia Of his 13 patients, 9 recovered, and 
all had sustained relative and m most instances absolute monocytosis, 
which m many cases preceded the return of the neutrophil count to 
normal, the rise m the leukocyte count and the drop m temperature or 
symptomatic improvement 

295 Rezmkoff, P The Etiologic Importance of Fatigue and the Prognostic 
Significance of Monocjdosis in Neutropenia (Agranulocytosis), Am J M Sc 
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Two cases of granulocytopenia are reported by Jackson m which 
the etiologic agent appears to have been causahn, a drug made up of 
approximately equal parts of aminopyiine and hydroxyqumoline, and 
widely advertised for the treatment of “rheumatism ” One patient, a 
woman aged 67, had been taking 3 tablets of causahn daily for a month 
One week before admission to the hospital she had a severe sore throat 
and fever The palate and fauces showed marked inflammatory change , 
the white blood cell count was 1,200 per cubic millimeter, with 4 per cent 
polymorphonuclear neuti ophils The red blood cell count was 3,300,000 
per cubic millimeter and the hemoglobin value 59 per cent Pentnu- 
cleotide, in doses of 40 cc daily, failed to produce improvement, and 
the patient died sixty hours after entry A second patient, a woman, 
had taken 200 tablets of causahn foi the lelief of arthritis in the three 
weeks prior to admission to the hospital Eleven days aftei the initial 
dose of the drug was taken, fevei and ulceiative lesions of the mouth 
developed On entrance the leukocyte count was 1,600 per cubic milli- 
metei , the only gianulocytes present were basophils (2 per cent) 
The red blood cell count was 3,830,000 per cubic millimeter and the 
hemoglobin value 63 per cent Recovery followed pentnucleotide theiapy 
The inherent dangers in the use of causahn, containing as it does both 
aminopyrme and a quinoline derivative, have been emphasized, and 
Jackson believes that there is no excuse for its therapeutic use 

Jackson reported the case of a woman aged 37 m whom neutro- 
penia developed, as evidenced by a leukocyte count of 1,500 per cubic 
millimeter, with 20 per cent granular leukocytes This case is of interest 
for several reasons First, the patient had consumed more than 10 
gallons (38 hteis) of elixir of phenobarbital m the five years prior to 
the onset of the granulocytopenia and, in addition, had taken an unknown 
quantity of phenobarbital tablets Although the blood condition followed 
the excessive use of a hypnotic drug, there is no evidence that this drug 
was of etiologic significance m producing the condition We are of 
the opinion that there is no convincing proof in the literature that 
hypnotic drugs alone, especially the barbiturates, will cause granulo- 
cytopenia, although many cases have been reported following the use of 
these drugs when combined with aminopyrme In such cases it is gen- 
erally accepted that the aminopyrme lather than the hypnotic drugs is 
responsible for the gianulocytopema Furthermore, the possibiht}'- must 
always be considered that a patient who is so unstable as to take such 
large doses of phenobarbital frequently resorts to hypnotic drugs which 
may be combined with aminopyrme Such combinations are readily 
purchasable m many states m this countiy without a prescription 

296 Jackson, H, Jr Agranulocytosis Following Ingestion of Causahn, J A 
M A 111 523 (Aug 6) 1938 

297 Jackson, W C Case of Neutropenia Following Excessive Use of Pheno- 
barbital, M Rec 148 148, 1938 



STURGIS ET AL— BLOOD 


183 ' 


Second, the case is of interest because there was associated anemia, 
as indicated by a minimum red blood cell count of 1,850,000 per cubic 
millimeter and a hemoglobin value of 32 per cent The author empha- 
sized, very properly, that it is unusual to observe such severe anemia 
m granulocytopenia and ascribed it to some complicating factor rather 
than a part of the acute disease Recovery followed the use of blood 
transfusions, pentnucleotide and liver extract and the prohibition of 
hypnotic drugs 

In a man aged 46 years, reported on by Mays,’®® leukopenia, with 
chills and fever and jaundice developed after the administration of 
twenty -nine injections of arsphenamme, fourteen of neoai sphenamine 
and fifty-one of bismuth subsalicylate during a period of twenty months 
Recovery followed five injections of pentnucleotide, infusions of dextrose 
and a high carbohydrate diet The red blood cell count and the hemo- 
globin value remained within normal limits In our opinion it is not 
possible to state definitely that the leukopenia was due to the anti- 
syphihtic therapy , furthermore, the blood findings are somewhat 
puzzling and not entirely characteristic of granulocytopenia On one 
occasion the leukocyte count was reported as 3,100 per cubic millimeter, 
“with apparently all very immature cells,” on another occasion the 
leukocyte count was 2,800 per cubic millimeter, with 2 per cent polymor- 
phonuclear leukocytes, 4 per cent metamyelocytes and 28 per cent 
myelocytes 

Chapman reported a fatal case of granulocytopenia, that of a 
woman aged 43 years, with fever, ulcerative lesions m the throat and 
a leukocyte count of 650 per cubic millimeter, with only 2 per cent 
polymorphonuclear cells The red blood cell count was 3,780,000 per 
cubic millimeter and the hemoglobin value 70 per cent The patient 
died, despite the use of pentnucleotide, parenteral treatment with liver 
extract and repeated small transfusions of whole blood The cause of 
the condition was not discussed, the statement concerning drug theiapy 
was that at the onset of the illness the patient took acetylsahcylic acid, 
a cathartic and a patent medicine called “H-C” powder, the chemical 
composition of which was not given 

Shaw ®°® reported the case of a 64 year old woman with pyrexia , 
ulcerations of the mucous membranes of the posterior pharyngeal wall, 
tonsils and fauces, and a maximum reduction in the white blood cell 
count of 560 per cubic millimeter, with 17 per cent polymorphonuclear 
leukocytes There was no statement which indicated positively that the 

298 Mays, A T Agranulocytosis Following Administration of Arsphenamines 
and Bismuth Report of a Case, New York State J Med 38 1234, 1938 

299 Chapman, W H , Jr Agranulocj-tosis with Report of a Case, Virginia 
M Monthly 65 287, 1938 

300 Shaw, C C Granulocytopenia Report of a Case with Autopsy, New 
England J Med 218-343, 1938 
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patient did or did not receive certain drugs of etiologic importance, 
such as aminopyrine This case was regarded as one of the group m 
which the condition can “develop in certain instances without any 
apparent cause ” It is unusual, in our opinion that the ulcerations of 
the throat developed prior to a decrease in the leukocyte count 

Stites and Stites observed a woman aged 32 who had fever, an 
injected throat and some enlargement of the anterior cervical lymph 
glands The leukocyte count varied from 2,700 pei cubic millimeter 
on admission to the hospital to 1,450 per cubic millimeter the fourth 
day afterward Granulocytes were absent on the seventh day, and the 
count did not rise above 9 per cent for seven consecutive days Recovery 
followed the giving of pentnucleotide and of liver extract parenterally 
and one blood transfusion of 520 cc Six weeks before entry she had 
experienced chills and fever and was treated with quinine, atabrine and 
plasmochm The authors implied that the atabrine and plasmochm were 
the cause of the granulocytopenia Although this must be admitted as 
a possibility, we wish to emphasize that there was no conclusive proof 
to substantiate this assumption The increasing use of the new prepara- 
tions in the treatment of malaria and their possible relation to granulo- 
cytopenia make this report noteworthy 

The case of a man aged 23, with dementia praecox who was found 
to have a leukocytic count of 400 per cubic millimeter, with 11 per cent 
granulocytes, 88 per cent lymphocytes and 1 per cent monocytes was 
reported by Kitchmg^®^ The red blood cell count was 4,500,000 per 
cubic millimeter, a few normoblasts were present and an occasional cell 
showed punctate basophilia No ulcerative lesions of the mucous mem- 
branes were apparent during life, but at necropsy the colon was the seat 
of extensive necrotic lesions which appeared to involve only the mucosa 
The sternal bone marrow appeared normal to the naked eye Smears 
showed absence of polymorphonuclear cells, but myelocytes and lympho- 
cytes were present The only drug which the patient had received was 
soluble barbital (“sodium barbitone”) The case is reported as one of 
primary granulocytopenia of unknown causation 

The case of a man aged 18 was reported by LaSalle and LaSalle 
He was in a coma when admitted to the hospital after three days of ill- 
ness characterized by fever, sore throat and headache There were 
4,300 leukocytes per cubic millimeter, “of which only 2 per cent were 
granulocytes of the basophilic series ” There were marked hypotension 
and redness of the throat but no othei buccopharyngeal lesion The 
patient succumbed one and a half hours after first being observed No 

301 Stites, J , and Stites, F M Agranulocytosis, Kentucky M J 36 324 
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302 Kitching, EH A Case of Agranulocytosis, Lancet 1 83, 1938 

303 LaSalle, M , and LaSalle, C Fulminating Case of Agranulocytosis, M 
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statcmonl was niadi' coiu'cinin}’ ilu' use ol diuf^s whu h uii|;hl hav(' a 
Ihmuii}^ on Ihe c.uisaliou 

Of (.ousuieiai)le ('(loioj^ic iiu|)()i(anee ni.iy I)e liu' ehniiee obsei vafioii hy 
Lnwiente and Syveilon ol a tat w'llh only 350 wdnte hloi^d cells pei 
cubic indlnnetei and no nenhoiduls in the penpheial blood 'The sn]H'i" 
n.itant fluid lioin .i jpound-up suspi'usion ol the bvei ol Ibis ;iniinal wms 
injcitod into 5 othei tats, and the s.une blood jnctuie develo]>ed in 2 ol 
them 'Mils jiioiess was tontmiied until Ihntt'en linnsinisMons w'eit' 
acioinpbshed '\ftei <i latent peiiod ol live days followmif; the injection, 
in whuh the anini.ils .ippeaied noiinal, theie wnae pyie\ia, anoicKia and 
listli'ssness , coincident with these' t hanj^t's Ibeie wms inaiketl nenli openia 
'j'heie weie no t banjoes in the led blood cell lount, and the platelet (onnt 
lemamed uoimal oi uuie.ised Altei one oi iw’o days, at llu' lu'i/^bl of 
the disease, the anim.ils eithei siutiimbed oi bad an ineie,ise in the wdiilt' 
blood tell tount and letoveied 'I'lie tausative ai;ent, in the opinion ol 
these ohseiveis, apiu'.iied to hi' some lilti.ible ai^i'iit oi a vniis 

Thonpy --'1 he ohseivalion hy Giltm and Watkins that aftei the 
admmistiation tif yellow' hoiu* maiitnv to jialii'iils w'llh “setondaiy 
anemia’' tiu'ie was an mtieasi' m the numbei ol nt'iitioiilnls and inono- 
()les m the imiikitin}; blood It'd to th<' theiapentu use of this snhsl.mce 
m t.ises of ejiamilotytopenia 'rwenly-loui i)alu'nts w'l'ie liealed, and 
2 of those who leteived ,ide<jii.ite theiajiy died 'Mie aiithois believe 
th.it the llui.iptulu lesiilts obt.iiiu'd w'ltb bone m.uiow' b.ive been siifli- 
tiently s.itisf.u loi y to w.iii.int .i tontmu.ition of its admnnsti.ition to the 
escliision, .it le.ist tempoi.inlv, ol ollu'i methods of ti ('.ilineni, such .is 
tieatment with hvei exti.ul, ti.nislusion .md jientniu leolule A d.uly 
dose of 200 to 300 j^i.iins (13 to 20 (iin.) wms leiommended; .iftei 
lecoveiy .i d.uly dos.ip'e of 50 to 100 {;i.ims ( 1 3 to f) 5 (an ) W'as jpven 
thiee Ol foil! months oi lon^t'i to pi event i el. ipse It is then belief 
th.it some suhst.iiiie m tlu' boni' m.iiiow' ni.iy h.ive Ihe pow'ei of slnnn- 
l.itniR till' piodiulion oi ni.itm.ilion ol the lenkoiytes 'I'liey emiih.i- 
si/ed, veiy jnopeily, th.it spoilt. ineous lecoveiies, multiple methods of 
tie.itmeiit .md m.uim.ite dia/pioses make dilliinll Ihe acein.ile .ippi.ns.il 
of v.iiious foinis of tliei.i]))’ m this dise.ise 

'I'lic studies of M. libel j’ .md Wiles'""' w'eii' mspiied by Ihe .st.ilenK'iit 
of Di C 11 W.ilknis, of the Mayo C hnic, .it the nieetni}; ol the Aineii- 
t.in Medic.il Associ.ition m 1033 th.it ydlow' bone ni.inow' h.id bei'ii bene 
ficial 111 c.ises of jpaniiloiylojieni.i A nons.ijioniliahle fi.iclion of yellow' 
bone m.iiiow' w’.is jaep.iied and .ulininisteied to (i noini.il pi'isons 
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305 GiOin, n Z, .iml Walkin'., ( II 'I'lit' Admimqli.ilion of Yellow hone 
M.niow in Ani.innlni via Anani.i, Miniu".ot.i Med 21 62, lO.tR 

306. M.nheia, C M , .nid Wiles, It O (a .ninloevtoiioii In Fi.nlion ni 
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without effect on the leukocyte counts Seven patients with leukopenia 
which was not considered to be true granulocytopenia but was associated 
with such conditions as aplastic anemia and leukemia showed no response 
to the administration of the concentrate Six patients with agranulo- 
cytic angina (malignant neutropenia) were treated with yellow bone 
marrow per os, and all recovered The authors concluded that yellow 
bone mairow concentrate has granulocytopoietic activity sufficient to 
bring about a noimal blood picture when used m cases of agranulocytic 
angina and of some other leukopenias In our opinion this conclusion 
does not appear to be well grounded for the following reasons 1 
Spontaneous improvement, without relation to therapy, may well have 
explained why the patients lecovered 2 Recovery may well have been 
due to the discontinuance of the use of ammopynne, which some of the 
patients were known to have received, 3 Only 1 of the patients 
received yellow bone marrow concentrate as the sole granulocytopoietic 
medication , the others were also given liver extract or pentnucleotide 
therapy m addition In attempting to appraise different forms of ther- 
apy for acute agranulocytic angina, it should be kept in mind constantly 
that many patients will recover if the cause of the condition, which in the 
past has most frequently been aminopyrine, is removed 

Netousek reported that m a case of aminopyrine granulocyto- 
penia, transfusion iMth blood from a patient with myelogenous leuke- 
mia was followed by a good therapeutic result after pentnucleotide and 
a blood transfusion had failed to produce benefit 

Massias and Quat observed recovery of a patient following the 
administration of vitamins A, B and C The white blood cell count was 
5,400 per cubic millimeter, and polymorphonuclear cells were absent 
from the circulating blood The condition was attiibuted to bismuth 
therapy which had been used as an antisyphihtic measure Two days 
after the vitamin therapy had been instituted the granulocyte count had 
increased to 31 per cent and in five days to 74 per cent 

H0DGKIN'’S DISEASE AND LYMPHOSARCOMA 

Webster noted periodicity m the lecurrence or exacerbation of 
symptoms m a number of neoplastic conditions, including leukemia, lym- 
phadenoma and Hodgkin’s disease Peiiods of increased growth came 
m cycles of thirty-three weeks, with a lesser peak at half periods (six- 
teen and one-half weeks) Half periods were most marked in Hodg- 

307 Netousek, M Traitement de I’agranulocytose par le sang leucemique. 
Sang 12 345, 1938 

308 Massias, C , and Phan Huy Quat Guenson rapide d’un syndrome agranu- 
locytaire post-bismuthique par la vitaminotherapie A, B, C, Sang 12 363, 1938 

309 Webster, J H D Periodicity in Cancer and Other Neoplastic Diseases 
(Four Hundred and Fifty Cases), Brit J Surg 26 113, 1938 
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kin’s disease and saicoma The data have been interpreted to indicate 
a virus causation of these diseases 

Bonnet, Thieffiy and Montefiore®^® isolated avian tubeicle bacilli 
fiom Hodgkin’s lymph nodes, while Donati and Vasconcellos 
found Rickettsia in their mateiial 

In 5 5 per cent of 450 cases of Hodgkin’s disease and lymphosarcoma, 
Decker, Leddy and Desjardins found leukopenia (less than 5,500 
leukocytes pei cubic millimeter) Fioin the point of view of loentgen 
therapy, leukopenia is not a contiaindication to treatment, nor does it 
have prognostic significance Initial leukocyte counts between 5,500 
and 10 000 occurred m 58 5 per cent of the series and counts above 
10,000 m 36 pel cent Polymoiphonuclear percentages weie higher, 
with lymphopenia in those cases in which there was an elevated leuko- 
cyte count In the leukopenic normal and leukocytosis patients, the 
losses m percentage of leukocytes four to eight weeks after inadiation 
weie, respectively, 16 and 9 9 per cent, 22 4 and 33 3 per cent and 58 6 
and 50 9 per cent In the last group the i eduction was due primarily to 
a decrease m the polymorphonuclear level rather than a destruction of 
lymphocytes 

Edward studied the cytologic* basis of Gordon’s encephalitogemc 
reaction The agent could be demonstrated in mixtures of myelocytes 
and older cells from patients with myelocytic leukemia but not in sus- 
pensions composed chiefly of myeloblasts Blood from a patient with 
eosinophiha gave a strongly positive result Lymphocytes gave a weakly 
positive result Turner, Jackson and Parker demonstrated that the 
reaction was definitely caused by eosinophils, and this observation was 
confirmed by McNaught,®^® who supported the theory that Gordon’s 
agent and Friedmann’s agent are identical and are apparently deiived 
from the eosinophils and not anything specific for Hodgkin’s disease 

310 Bonnet, H , Thieffry, S , and Montefiore Presence d’un bacille tuber- 
culeux de type aviaire dans un ganglion de lymphogranulomatose mabgne, Compt 
rend Soc de biol 128 583, 1938 

311 Donati, A Etiologie de la lympho-granulomatose aigue de Paltauf- Stern- 
berg, Soc internaz di microbiol , Boll d sez ital 9 318, 1937 

312 Vasconcellos, I Encore a propos de I’etiologie de la granulomatose 
aigue Paltauf-Sternberg, Soc internaz di microbiol , Boll d sez ital 9 321, 1937 

313 Decker, F H , Leddy, E T , and Desjardins, A U Leukopenia and 
Leukocytosis m Lymphoblastoma, Am J Roentgenol 39 747, 1938 

314 Edward, D G Observations on the Cellular Basis of the Gordon Test 
for Lymphadenoma, Lancet 1 936, 1938 

315 Turner, J C , Jackson, H, Jr, and Parker, F, Jr The Etiological 
Relation of the Eosinophil to the Gordon Phenomenon in Hodgkin’s Disease, Am 
J M Sc 195 27, 1938 

316 McNaught, J B The Gordon Test for Hodgkin’s Disease A Reaction 
to Eosinophils, J A M A 111 1280 (Oct 1) 1938 
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Sachs and Steffel regaid the Gordon lest as of diagnostic value in 
Hodgkin’s disease but noted that one gland may give a positive reaction 
wheieas another gland from the same patient, with incomplete histologic 
transformations, may show a negative reaction In a series of 11 cases 
of Hodgkin’s disease studied by Tuiner, Jackson and Parker,®^® the 
Gordon test gave a positive reaction only when eosinophils weie present 
m the glands used m inoculating the rabbits or guinea pigs The patho- 
genic agent desciibed by Friedmann and Elkeles in myeloid tissues was 
shown to be present only m those suspensions of leukocytic cream that 
contained more than 2,000 eosinophils per cubic millimeter 

Madding analyzed 6 cases of Hodgkin’s disease in which there 
was involvement of the stomach All the patients were men, 38 to 62 
years of age The red blood cell counts varied from 3,740,000 to 4,000,- 
000 per cubic millimeter Achlorhydiia was present in 1 and fever m 
none Clinically the condition simulated that of ulcer or carcinoma of 
the stomach 

In 5 of the cases, treatment consisted of partial or total excision of 
the stomach and m 1 case of excision of an ulcer Three patients were 
living six to eight yeais ofter the operation, and 1 was living and well 
after one year 

Kato and Cardozo®^*’ studied a 14 year old Negro boy who died of 
Hodgkin’s disease The red blood cells showed the sickling phenome- 
non As the disease progressed, eosmophiha became maiked, termi- 
nating with 47 pel cent eosinophils (26,000 leukocytes) The authors 
commented on the relation of multmucleated giant cells and megakaiyo- 
cytes They favor the concept of myeloid transformation of the lymph 
nodes, likening the disease m some respects to myelogenous leukemia 
Bingold,®^® who considers Hodgkin’s disease as an infectious granuloma, 
described cases m which the tonsils were involved He suggested that 
excised tonsils should be studied carefully for incipient Hodgkin’s dis- 
ease, so that wide dissemination can be forestalled by means of radical 
surgical intervention and energetic roentgen therapy Falconer and 
Leonard correlated the incidence and extent of pulmonary involve- 
ment with the characteristics and duiation of lymphosai coma, leukemia 
and Hodgkin’s disease Pulmonary involvement m lymphatic leukemia 
was 30 per cent, m lymphosarcoma 36 per cent and m Hodgkin’s disease 

317 Sachs, H W , and Steffel, W Ueber de Bedeutung des Gordon-Testes 
fur die Diagnose der Lymphogranulomatose, Klin Wchnschr 17 1043, 1938 

318 Madding, G P Hodgkin’s Disease of the Stomach Report of Six 
Cases, Proc Staff Meet , Mayo Clin 13 618, 1938 

319 Kato, K, and Cardozo, W W Hodgkin’s Disease with Terminal Eosino- 
philia Occurring in a Negro Child with Sicklemia, J Pediat 12 165, 1938 

320 Bingold, K Die Tonsillen als Eintnttspforte und Sitz der Erkiankung 
bei Lymphogranulomatose, Deutsches Arch f khn Med 182 338, 1938 

321 Falconer, E H , and Leonard, M E Pulmonary Involvement in Lympho- 
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31 per cent The duration of life after the onset of pulmonary involve- 
ment in these three diseases was two months to eleven years , four months 
to four and one-half years, and twenty-two to fifty-one months, respec- 
tively Involvement of the pulmonary paienchyma, with pleuial effusion, 
indicated a poor prognosis 

Wright reviewed the symptoms in 60 cases of Hodgkin’s disease 
in which there were intrathoracic lesions The diagnosis is made by 
roentgenograplnc study The lesions included enlaigement of the 
mediastinal glands (17 patients), involvement of the pulmonary paren- 
chyma (21 patients) and a combination of these Pleural effusion was 
present in 17 cases The average duration of life of 45 patients who 
died was forty months (seven weeks to twenty-six years) The aveiage 
length of life of 23 patients who lived longer than this was sixty months, 
and that of 21 patients who lived less than foity months was twenty 
months The average period of survival after the onset of intrathoracic 
complications was twenty-three months One patient was apparently 
cured by surgical removal of enlarged cervical glands (no recurrence m 
eleven years) For treatment, high voltage roentgen therapy, blood 
transfusions, mercurial diuretics and improved hygiene and diet have 
some value Kasabach and McAlpin found mediastinal involvement 
in 77 of 251 patients with Hodgkin’s disease Nineteen showed medias- 
tinal involvement roentgenographically without associated peripheral 
lymphadenopathy The latter feature became evident on an average of 
eighteen months later The average period of survival of the group 
receiving adequate irradiation was five years and four months With 
inadequate treatment the period of survival was three and one-fourth 
years and with no treatment three and one-twelfth years A bad prog- 
nosis was indicated by generalized distribution of the lesions, osseous 
invasion, pulmonary and pleural complications and hepatomegaly In 
the treatment, maintenance of the patient’s weight and general well-being 
are important Blasi also commented on the intrathoracic localization 
of Hodgkin’s disease Varadi’s patient had lymphogranulomatous 
infiltration of the sternum The diagnosis was made by sternal punc- 
ture In Fonts’s patient the lesions of Hodgkin’s disease appeared 

322 Wright, C B Hodgkin’s Disease Sixty Cases in Which There Were 
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after injury of the periosteum of the sternum Pessm and Pohle 
noted an osteomyelitic process of the manubrium and a cutaneous ulcer 
as the first manifestation of Hodgkin’s disease m a 15 year old girl 

The character of the fever in Hodgkin’s disease was discussed by 
Michon and Loth and Michon In the case reported by Delmas- 
Marsalet, Bergouignan and Verger the symptoms were caused by 
compression of the spinal cord b)'’ an intraspinal malignant lympho- 
granuloma The lesion was not helped by loentgen therapy In 

Stewart’s case there was marked invoh ement of the spinal cord 

Froment, Croizat and Masson described radiculomedullary compres- 
sion from a Hodgkin’s growth Symptoms due to marked involvement 
of glandular groups stimulated several case reports cervical, Efs- 
kind,®®® axillary, Meriden, Gounelle and Waiter,®®^ rectal, Gallart- 
Mones and Roca de Vinals Sherman’®*’ has summarized the gastro- 
intestinal manifestations in Hodgkin’s disease Osseous lesions marked 
the cases reported by Hei skovits,®®" Abiams and Teenstra ®®“ Jutras 
treated 46 patients (25 males and 21 females) who had pharyngeal 
lymphosarcoma Sixteen of these patients lived five years after loentgen 
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328 Michon, P , and Loth De la fievre dite ondulante au cours de la maladie 
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therapy The piotracted method of Regaud and Coutaid A\as used, 
with hourly weak dosage and daily exposure (four to twenty-four sittings 
in sixty-two days) Finzi advocated repetition of submaximal doses 
of roentgen rays in the tieatment of lymphadenoma (Hodgkin’s disease) 
The treatments are first given within two weeks, then repeated in six to 
eight weeks and then repeated in three months Repeated submaximal 
doses are also given to distant parts “When the disease is localized,” 
he concluded, “the patients are curable, and when it is disseminated, they 
can be relieved” Ciavei found that “fewei but larger doses” of 
roentgen lays aie preferable to proti acted cycles of fi actional doses 
Irradiation of the entiie bod)' is recommended as an adjunct to local 
irradiation Of 121 patients, 17 pei cent suivived five years or longer In 
220 cases certain symptoms were noted clinically, as follows pulmonary 
lesions, 29 per cent , pleural effusion, 17 0 per cent , ascites, 8 0 per cent , 
jaundice, 6 pei cent, itching, 29 0 per cent, cutaneous lesions, 13 8 per 
cent, herpes zoster, 4 0 per cent, neuiologic lesions, 12 0 per cent, and 
osseous lesions, 18 0 pei cent Sacks presented a case of reticulo- 
endothehosis and from an analysis of the literature on the subject sug- 
gested that the condition is a clinical and pathologic disease entity It 
resembles Hodgkin’s disease and the aleukemic variety of monocytic 
leukemia, but morphologic and histologic differences are demonstrable 

LEUKEMIA 

Leavell analyzed the recoids of 136 cases of leukemia in Boston, 
New York and Philadelphia For 87 patients with chronic myelogenous 
leukemia the average duration of life was three and one-fifth years and 
for 49 patients with chronic lymphatic leukemia three and three-fifths 
years Patients with chronic myelogenous leukemia who had a low 
leukocyte count, marked anemia or evidence of bleeding had a shorter 
course than those without these symptoms Marked anemia in lym- 
phatic leukemia indicated an early fatal outcome 

Leukemia, at the extremes of life, has been noted by several authoi s 
Varela and Gambirassi described a subacute blast stage of leukemia 

341 Finzi, N S The Roentgen Treatment of Lymphadenoma, Am J 
Roentgenol 39 261, 1938 

, 342 Graver, L F Local and General Irradiation in Hodgkin’s Disease 

Radiology 31 42, 1938 

343 Sacks, M S Systemic Proliferation of the Reticuloendothelial System 
(Reticuloendotheliosis) Report of a Case and Comments on the Literature, Arch 
Path 26 676 (Sept ) 1938 

344 Leavell, B S Chronic Leukemia A Study of the Incidence and Factors 
Influencing the Duration of Life, Am J M Sc 196 329, 1938 

345 Varela, M E, and Gambirassi, A C Mielosis leucemica subaguda a 
paramieloblastos con metaplasia mieloidea del sistema Imfatico, en un mho de 18 
meses, Arch argent de pediat 8 1139, 1937 
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(myelogenous) m an 18 month old infant Hart reported data on 
acute leukemia m childhood, and Schmid and De and Tnbedi made 
similar observations Simonson anatyzed 16 cases of leukemia in 
childhood Weil, Isch-Wall, Perles and Aschkenasy described cases 
of leukemia m old age 

Spigel analyzed 19 cases of leukemia in children (12, acute lym- 
phatic, 2, chronic lymphatic, 5, acute myelogenous) The ages ranged 
from l )/2 to 14 years, and 60 pei cent of the patients were females and 
40 per cent males Spigel considers that leukemia is a condition second- 
ary to a frequently hidden specific infection m hereditarily susceptible 
persons 

Rhamy studied the blood and tissues of a newborn infant who 
showed a blood picture with marked erythroblastosis, similar to that m 
myelogenous leukemia Death was due to i upture of the enlarged spleen 
(125 Gm ) during delivery 

From the point of view of causation, Naponen noted points of 
similarit} between myelogenous leukemia and panmyelophthisis Sim- 
ilar etiologic factors, including seveie septic piocesses and bone marrow 
poisons (benzene, roentgen rays and radium), are postulated 

Struthei s reported the details of 7 cases of acute leukemia in 
China Of these, 4 were cases of lymphatic and 3 of myelogenous leu- 
kemia Although leukemia was considered rare in China, the incidence 
was 1 per six hundred admissions to the medical waids Evans’®®® 
summary of the evidence of the neoplastic nature of leukemia was as 
follows 1 Cases are cited in which a tumor became evident before 
changes m the blood occurred 2 Blood cells in mitosis are seen more 
fiequently in the organs than m the peripheral blood, 3 Invasion of the 
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tissues by the leukemic cells occurs 4 The cells are sensitive to roent- 
gen and radium irradiation 5 The tendency to skin and bone metas- 
tases IS marked 

Articles on the relation of industrial poisons, mostly benzene, to the 
pioduction of leukemia weie summarized in the section on “Queries and 
Minor Notes” in The Jownal of the Amencan Medical Association 
While the disease has appealed occasionally in persons exposed to ben- 
zone 01 radioactive substances, no relation to exposure to war gas has 
been reported A case of leukemia following exposure to benzene was 
desciibed by Periin, Kissel and Pieiqum A case of benzene poisoning 
m a patient with malaiial splenomegaly (Richon, Veraiii, Girard and 
Devin and the case of a workman handling betanaphthol (naphthol) 
(Rolland were leported Cantoni described a case of acute aleu- 
kemic lymphadenosis following paratyphoid Lenski leported myelog- 
enous leukemia following splenectomy m a patient with malarial splen- 
omegal)’’ associated with polycythemia Conen’s patient first showed 
lymphatic leukemia aftei an infection with Streptococcus vindans 

Maingot, Guard and Bousser^®^ studied the blood of a woman who 
had been a radiologist’s assistant for fifteen years and m whom chronic 
myelogenous leukemia developed In the thud yeai mild leukocytosis 
(11 000 to 14,000 leukocytes) was noted In the eighth year the leu- 
kocyte count reached 19,000 and m the eleventh yeai 95,000, by the thir- 
teenth year it had reached 120,000 per cubic millimetei Splenomegaly 
was present A good result was obtained with roentgen therapy 

Mallick, All and Singh noted myeloid leukemia m patients with 
eailier tuberculous infection In the case described, marked benefit 

356 Industrial Poisons, War Gas and Leukemia, Queries and Minor Notes, 
JAMA 110 1508 (April 30) 1938 

357 Perrin, M , Kissel, P , and Pierquin, L Leucose aigue benzolique. Pans 
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Union med du Canada 67 262, 1938 

360 Cantoni, O Discussione diagnostica di gra\i e oscure emopatie Linf- 
adenosi acuta leucemica postinfettiva, Haematologica 18 1019, 1937 

361 Lenski, M Myeloid Leukemia Following Splenectomy in a Patient 
with Malarial Splenomegaly Associated with Polyglobulia, Polska gaz lek 17 
339, 1938 
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f Kinderh 112 150, 1937 
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followed high voltage roentgen theiapy over the bones The authors 
believe that roentgen rays aftect the hemopoietic tissue directly and 
that the neoplastic formation is checked 

Rosenheim described the case of a 56 year old woman in whom 
pernicious anemia developed The blood, achlorhydria and symptoms 
were charactei istic, and the i espouse to liver therapy was adequate The 
white blood cell count then increased, and typical chronic myelogenous 
leukemia developed (leukocytes, 93,500 per cubic millimeter) Ihe 
patient also had tertiary syphilis, but the author considers that the 
progress of the disease was independent of this and more of the nature 
of that typical of the disease denoted b}'- the older term leukanemia 

The familial aspects of leukemia have been emphasized by Gott- 
Jebe,^®® Boggian and Shipton 

Complications were illustrated by the cases described by Askan- 
azy (diabetes due to leukemic metastases) and by Rachmilewitz 
(polyc 3 hhemia) 

Teng and Chung found that Leishman-Donovan bodies are phago- 
cytized tn vtt) o by neutrophils beyond the myeloblastic stage in leukemic 
blood and occasionally by eosinophils Davidsohn noted low titers of 
isoagglutinms in chronic leukemia, particularly m those cases m which 
roentgen therapy had not been given Most patients with acute leu- 
kemia 01 those with chronic leukemia who have received intensive 
roentgen therapy show noimal or slightly elevated titeis 

De Lucia and Russo found that in acute leukemia there was a 
diminution of the total, acid-soluble and hpoid phosphorus fractions, 
with no change in the inorganic phosphorus In chronic leukemia all 
the phosphoi us fractions were definitely increased, m spite of the anemia 

365 Rosenheim, M L M>eIoid Leukaeinia Following Pernicious Anemia and 
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Poole and his associates described in detail the history of a man 
with chronic myelogenous leukemia, covering a peiiod of nine years 
He was treated at intervals with solution of potassium arsenite U S P , 
roentgen rays or benzene The authors commented on the fact that it 
was easier to maintain the white blood cell count within reasonable limits 
during the hot summer weather than during the winter, but ultraviolet 
radiation from aitificial souices appeared to do harm rather than good 
Chemically, the serum minerals were found to be normal The values 
for plasma lipids were increased above normal (hpemia) The plasma 
phospholipid and free cholesterol components were within the normal 
lange The neutral fat fraction was high, and the cholesterol esters 
^^ele strikingly low, suggesting a derangement in fat metabolism The 
lipid content of the red blood cells was normal, but the sodium and 
chloiide levels were elevated 

Iwatsuru and Nanjo found a phosphatase content of leukemic 
blood that was higher than normal, in proportion to the increase m the 
number of leukocytes In myelogenous leukemia, phosphatase is liber- 
ated into the seium on destruction of the leukocytes, especially after 
roentgen therapy The phosphatase content of the urine increases after 
roentgen therapy 

In lymphatic leukemia Turner, McAlpin and DeLamater reported 
an mciease in the iodine content of the blood, in contrast to the decrease 
in myelogenous leukemia Meyer-Bornsen noted that there was not 
a considerable difference m the sulfur content of the leukocytes m the 
various types of leukemia Studies of the bone marrow m leukemia were 
reported by Tuohy 

Meyer found achlorhydria m 13 per cent of the patients with 
chronic myelogenous leukemia, in 53 per cent of those with chronic lym- 
phatic leukemia and in 33 per cent of those with aleukemic leukemia In 
acute leukemia 2 of 5 had achlorhydria The average ages of the patients 
with the different types of leukemia were 44, 60 and 51 and one-half 

373 Poole, M W , Erickson, B N , Williams, H H , Burkholder, H J , 
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years, respectively Isaacs correlated histologic changes in the lymph 
nodes in various types of lymphopathy with the clinical featuies cor- 
responding to them 

The neurologic features of leukemia were emphasized m a case 
described by Nordenson A man aged 66 yeais had diabetes and 
acute aleukemic myelogenous leukemia Paralysis of the legs developed, 
followed 111 two days by paralysis of the hands The terminal picture 
was marked by severe anemia, leukocytosis (83,000 cells), a predom- 
inance of myeloblasts in the blood and bone marrow, fever, stomatitis 
and hemoiihagic softening of the central ganglions and the anterior 
hoi ns of the spinal cord Gandelhni desci ibed a case of acute leu- 
kopenic leukemia m which neurologic symptoms weie piominent 
Touw, Nieuwenhuis and Nauta described 2 cases of leukemia char- 
acterized by tumoi formation They fa^^oi the neoplastic causation of 
the disease 

Gibson studied the retinal changes in 22 cases of leukemia The 
most characteristic featuies vere venous changes, with hemorihages and 
exudates The degree of retinal hemoirhages had a prognostic import 
Theie vas close coi relation between the amount of retinal hemorrhage 
and the degree of anemia Gibson feels that therapy should be directed 
piimaril} against the anemia rather than the leukocytosis 

In Aylesworth’s case of l 3 unphatic leukemia, unusual ocular 
symptoms vere noted Cases of chloroma weie studied by Fiost,®®® 
Baisoum,®®® Horsfall and Dustin and Thomas Cookson and Mac- 
Rae reported a case marked by a lymphoid tumoi of the lacrimal 
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gland Alvis desciibed leukemic infiltration of the retina and chor- 
oid in an infant treated with roentgen rays Dacryocystitis was the first 
symptom in Stokes’ case of lymphatic leukemia m a 68 year old man 
Thiodet’s patient with acute lymphatic leukemia (leukocytes, 193,- 
600 per cubic millimeter, blasts, 81 per cent) showed predominately 
abdominal symptoms Subocclusion of the intestine appeared to be the 
cause, possibly as a result of lymphatic hypertrophy or of primary pres- 
sure from enlai ged mesenteric nodes or secondarily through interference 
with nerve function Steinbrinck’s patient showed infiltration of the 
gastric wall Waitz and Weber reported a case m which phlebitis 
of the veins of the leg was the first symptom 

Biunner and Schnierer and Brunner and Fischei emphasized 
the pait played by the tonsils in myelogenous and lymphatic leukemia 
Cutaneous manifestations have been described by Goldsmith and 
by Riehl m myelogenous leukemia and by Kusunoki and Kuwa- 
bara,^®'* Milbradt and Barney in lymphatic leukemia 

Kost and Rachman described 2 cases of lymphatic leukemia , in 
1 case the prominent features were splenomegaly and mediastinal lym- 
phadenopathy, while enlargement of the mesenteric nodes characterized 
the other Histologically, however, the features were those of sarcoma 
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In these cases there were possible conditions representing forms of 
lymphosarcoma cell leukemia 

Aleukemtc Leukemia — Renewed attention has been given to the 
aleukemic forms of leukemia Cases have been desciibed by Lmde- 
boom,'“'® Fujimoto/®‘ Halbion, Lenoimand and Jais/“® Ba7an and 
Maggi/“® Keeler^'”' and Christen and Gieif Cabot case 24062^°“ 
belongs in this group Millei and Seymoui studied 5 cases of leuko- 
penic leukemia and analyzed IS cases lepoi ted in the hteratuic There was 
a striking lack of involvement of organs othei than the bone marrow 
The myeloid tissue showed gross immaturity Tiansfusion was the only 
therapeutic agent of at least tempoiaiy value Weil and Aschkenas}’’ 
described a case of “cryptoleukemia’’ with an aleukemic blood picture 
and no splenomegaly or glandulai enlargement The case appeared to 
be one of severe aplastic anemia, but sternal punctuie showed its true 
nature — aleukemic lymphatic leukemia 

Monocytic Leukemia — Montgomcr}' and Watkins’^* desciibed 4 
cases of monocytic leukemia. Schilling type, in w'hich exfoliative derma- 
titis w^as a manifestation A case of monocytic leukemia in a man aged 
39 years was described by Beclc*^® The peculiar configuiation of the 
rosette of vacuoles in the Ilof of the nucleus on supiarital staining, was 
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confirmed as a specific test of the moncytic cells Plum and Thom- 
sen, in describing 3 cases of monocytic leukemia, noted that this dis- 
ease may be confused at times with infectious mononucleosis or with 
agranulocytosis They emphasized the points m the differential diag- 
nosis Bouchut, Guichard, Moreau and Mathieu described a case of 
monocytic leukemia with an acute evolution In cases of monocytic 
leukemia Wyckoff reported the results of studies of the cells m the 
blood or bone marrow by means of supravital stains The monocytic 
cells showed a nucleus with reticulai chromatin and one or tv o nucleoli 
The peroxidase test gave reactions which varied from heavy to negative 
Newns and Signy leported on the clinical and histologic aspect of 
monocytic leukemia m 2 children, 2 and 2^4 years old, respectively 
The course was acute, with death m ten and six ond one-half days, 
respectively Waitz and Hoenier"*^® described an aleukemic leukemoid 
blood pictuie m a man whose bone marrow contained many large leticu- 
luni cells The internal organs and the eyes showed hyperplasia of the 
“i eticuloendothelial” cells Symniers described 4 cases of giant fol- 
licular l 3 ''mphoblastoma Clinically the symptoms resembled those of 
Hodgkin’s disease, certain forms of lymphosarcoma and lymphatic leu- 
kemia Histologicall}'’ there was dimensional hyperplasia of the lymph 
follicles of the lymph nodes and spleen The author consideis the con- 
dition to be of “toxic” or “inflammatory” origin and amenable to mild 
roentgen therapy Transformation to polymorphous cell sarcoma, 
Hodgkin’s disease and the changes of lymphatic leukemia may be 
sequelae The previously undescnbed phase of the evolution of the 
disease is necrotic folliculitis of the lymph nodes and spleen 

Isaacs placed the cell called promyelocyte m the monocytic senes 
and described it as typical of the stage after the monocyte blast (meta- 
monoblast) 
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Leukemia and Pi egnancy — Erf and Fine reported the thirty-first 
case lecorded m the literature of a pregnant woman with leukemia 
This patient with chronic myelogenous leukemia received intensive 
1 oentgen therapy while she was five and one-half to six months pregnant 
Six weeks later laboi was induced surgically and a noi mal boy delivered 
The mother died seven months later in the stage of myeloblastic leu- 
kemia Although the uterus leceived at least 200 loentgens, the child 
did not show any ill effects Repeated studies of the bone marrow weie 
made on the mother and child 

Forkner'*'- discussed the i elation of leukemia to pi egnancy and the 
puerperium 

Tieatment of Leukemia — Cooke tieated patients with acute leu- 
kemia with extracts of fiesh led bone marrow The patients also 
leceived blood transfusions and other symptomatic treatment Two 
patients had complete remissions for fiom two to four months, 2 had 
1 emissions foi shoiter periods, 2 show^ed an increase in the maturation 
stage of the polymoiphonuclear cells, 4 show^ed airest of the disease 
clinically for from thiee to six months, and 2 show^ed a decrease m the 
size of the leukemic lymph nodes and spleen Other patients, how^evei, 
show'ed no effect The author believes that the course of the disease 
was influenced definitely m some cases but gave a i ather guai ded opinion 
as to the pait played by the mariow’^ extract 

Foi the aleukemic foims of leukemia, Fiicke and Watkins lec- 
ommend radium therapy over the region of the spleen lathei than 
1 oentgen theiapy Fifteen of 16 patients (leukopenic phases of chronic 
myeloid and lymphatic leukemia, monocytic leukemia and subleukemic 
splenic reticuloendotheliosis) show'ed impiovement m the condition of the 
blood and symptoms Gosio transfused blood from pat.ents wuth m} e- 
logenous leukemia into patients w'lth lymphatic leukemia and vice \ersa 
When normal blood w^as used in a transfusion to a patient w ith lymphatic 
leukemia, the number of led blood cells increased, when blood from a 
patient wnth lymphatic leukemia was given to a patient wath lymphatic 

421 Erf, L A , and Fine, A Serial Blood and Bone Marrow Findings of 
an Eight Month Premature and Its Roentgen Ray Treated Chronic, Myeloid 
Leukemic Mother, Am J M Sc 195 8, 1938 

422 Forkner, C E The Relationship of Leukemia to Pregnancy and the 
Puerperium, Internat Chn 2 29, 1938 

423 Cooke, J V Experimental Therapy of Acute Leukemia with Extiacts 
of Bone Marrow, J Pediat 13 651, 1938 

424 Fricke, R E , and Watkins, C H The Radium Treatment of Rare 
Forms of Leukemia, Proc Staff Meet, Mayo Clin 13 193, 1938, Minnesota 
Med 21 96, 1938 

425 Gosio, R Le trasfusiom interleucemiche dal punto di vista della regola- 
zione biologica dei tessuti iperleucoplastici, Pohclmico (sez med ) 45 285, 1938 , 
Ulteriore contributo alio studio della fisiopatologia del leucemico Ricerche com- 
plementari alle transfusioni interleucemiche, ibid 45 42, 1938 
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leukemia, the leukocytosis became more marked When the blood from 
a patient with myelogenous leukemia was used, the leukocytosis 
lemamed unchanged The myeloid cells disintegrated, and their pro- 
ducts disappeared fiom the blood stieam m from eighteen to twenty 
hours The lymph nodes served as the filtering mechanism A num- 
ber of other transfusion experiments with leukemic blood have been 
described Galan Conesa and Montero used polyc3'^themic blood in 
treating leukemia Ravma used leukemic blood in the treatment of 
agranulocytosis A lasting therapeutic result was noted only m their 
last patient 

Mauro noted little therapeutic effect when ascorbic acid was given 
to patients with Werlhof’s disease, myelogenous leukemia or acute or 
chronic lymphatic leukemia The amount of ascorbic acid m the urine 
gave no definite information about the condition m these diseases 
Thiele found no lasting effect on the leukocyte count when vitamin C 
was given intravenously, although there was a temporary increase in the 
number The medication had no effect on chronic myelogenous leu- 
kemia 

Leitkemoid Conditions — DuBois^^® described the leukemoid con- 
dition produced m a man of 53 years by carcinoma of the bladder with 
metastasis to the lungs and prostate The leukocyte count was 119,437 
per cubic millimeter, with 73 75 per cent mature polymorphonuclear 
neutrophils Theie were no metastases to the bone marrow 

An eosinophilic leukemoid reaction appeared m Recchia’s case of 
acute colitis In Leibowitz’ patient, tubeiculous sepsis was accom- 
panied by a myeloblastic blood picture 

Leukemia in Animals — Morton and Mider noted lymphomatosis 
in 10 of 48 mice painted with methylcholanthrene m solution m commer- 
cial benzene In 2 cases the leukocyte count rose to 90,000 and 139,000 

426 Galan Conesa, E , and Montero, R Contnbucion al estudio de las tras- 
fusiones de globulos Un caso de leucemia dinfoide temporalmente convertido en 
policitemico, Bol Soc cubana de pediat 9 547, 1937 

427 Ravma, A Agranulocytose Traitement pai la transfusion de sang leu- 
cemique, Presse med 45 1760, 1937 

428 Mauro, E L’acido ascoibico in alcune emopatie, Minerva med 2 613, 
1938 

429 Thiele, W Die Wirkung des Vitamin C auf das weisse Blutbild und 
die chromsche myeloische Leukamie, Klin Wchnschr 17 150, 1938 

430 DuBois, A H Leucocytose carcmomateuse pseudo-leucemique, Sang 12 
317, 1938 

431 Recchia, F Reazione leucemoide ad impronta eosinufila in corso di cohte 
acuta, Policlimco (sez prat ) 45 369, 1938 

432 Leibowitz, S Tuberculous Sepsis with Myeloblastic Blood Picture, Arch 
Path 25 365 (March) 1938 

433 Morton, J J , and Mider, G B The Production of Lymphomatosis in 
Mice of Known Genetic Constitution, Science 87 327, 1938 
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per cubic millimeter, lespectively No tumois appeared m 50 control 
mice 

Lewis was able to transplant, through twelve generations of mice, 
three sarcomas induced by the injection of 1, 2, 5, 6-dibenzanthracene 
The tumors could not be propagated by means of the injection of blood 
plasma or with centrifuged tumor extracts 

Lits, Kirschbaum and Strong noted i egression of a malignant 
lymphoid tumor m mice, with prolongation of life (fifty and one-half 
instead of thirty-one and one-half days) aftei the injection of colchicine 
A series of “caiyoclasic shocks,” with pyknosis and death of the lympho- 
cytes of the tumoi, was observed Normal thymic lymphocytes were 
also destroyed Engelbi eth-Holm and Frederiksen produced leu- 
kemia m 36 of 59 mice 4 weeks old by the injection of a cell-free 
extract of tissues fioni leukemic mice The material was prepaied bv 
a special anaerobic technic, being reduced with cobalt-cysteine This 
experiment seemed to indicate that mouse leukemia, like fowl leukemia, 
may be transmitted by a chemical rather than a cellular medium These 
authors concluded that the agent of fowl leukosis is inactivated by 
oxidation If the piocess is interrupted before it is complete, it is pos- 
sible to reactivate the material almost to its original potency with a 
cysteine cobalt sulfate i educing system These data are interpreted to 
favor a chemical lather than a living (micro-organism) causative agent 
of fowl leukosis 

Potter, Ta3dor and MacDowell were able to transmit immunity 
to mouse leukemia from cell-immunized mice to normal mice by implan- 
tation of tissue from actively immunized mice Hall and Knocke weie 
able to transmit chloroleukemia in mice by the intravenous injection of 
a suspension of leukemic cells While subcutaneous inoculation pro- 
duced a slowly growing tumor, intravenous injection was followed by 
generalized leukemia The greenish color of the lymph nodes was not 

434 Lewis, M R Transplantable Lymphosarcoma m Mice, Am J Cancer 
34 399, 1938 

435 Lits, F J , Kirschbaum, A , and Strong, L C Action of Colchicine on 
a Transplanted Malignant Lymphoid Neoplasm in Alice of the C3H Stiain, Am 
J Cancer 34 196, 1938, Action of Colchicine on a Malignant Lymphoid Neoplasm 
in Alice of an Inbred Strain, Proc Soc Exper Biol 5^ Aled 38 555, 1938 

436 Engelbreth-Holm, J , and Frederiksen, O The Transmission of Alouse- 
Leucaemia to Healthy Animals by Aleans of Cell-Free Substance, Acta path et 
microbiol Scandinav , 1938, supp 37, p 145 

437 Engelbreth-Holm, J , and Frederiksen, O The Reactivation of the Fowl- 
Leukosis Agent After Inactivation by Oxydization, Acta path et microbiol 
Scandinav , 1938, supp 37, p 138 

438 Potter, J S , Taylor, M J , and AlacDowell, E C Transfer of Acquired 
Resistance to Transplantable Leukemia in Alice, Proc Soc Exper Biol & Aled 
37 655, 1938 

439 Hall, J W , and Knocke, F J Transmission of Chloroleukemia of Alice, 
Am J Path 14 217, 1938 
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due to eosinophils After exposuies to roentgen rays, the immunity of 
mice to subcutaneous inoculations was decreased 

Breedis and Furth were able to preserve mouse leukemic cells at 
— 70 C for as long as four hundred and thirty days and pioduce lesions 
on mtiavenous or subcutaneous inoculations The types used included 
lymphoid leukemia (eight to four hundred and forty days), myelocytic 
leukemia (twenty to four hundred and forty days), chloi oleukemia (one 
to thirteen days) and monocytic leukemia (two to four hundred and 
thiity days) Breedis and Furth consider that it is the living leukemic 
cell which IS preserved, and not only a virus They noted that the cells 
can be inactivated by loentgen rays while in the frozen state, a feature 
not characteiistic of a viius Bichel was able to cultivate cells of 
mouse leukemia m vitro for at least five months by adding actively 
gloving cultures of fibi oblasts A single addition of fibroblasts enabled 
the cells to giow actively for ten to twelve generations Division was by 
mitosis The cells were easily injured but when injected into mice pro- 
duced the disease Yudina gave weekly injections of a 0 5 per cent 
solution of 1, 2, 5, 6-dibenzanthracene subcutaneously to 45 chickens for 
five months Of these, 1 had leukemia, 3 had aleukemic myelosis, 1 of 
Avhich also had saicoma, and 1 had uncomplicated sarcoma The con- 
dition 111 1 chicken recalled that of a patient of Ahlstrom’s who had 
reticular cell saicoma and lymphatic leukemia 

Clapham observed that leukemic fowl showed forty times heavier 
infestation with tapeworm than normal fowl Clapham mterpieted this 
to indicate a reduced resistance to tapeworm as a manifestation of the 
leukemia Rask-Nielsen studied the transmission of a neoplasm which 
consisted of pathologic myeloblasts The white rats died after about 
twenty-three days and showed multiple tumors in the abdominal organs 
Stasney and Feldman studied the evolution of leukemic lympho- 
hlastoma in a 3 month old calf There was general lymphadenopathy, 
and the histologic details of the tissues resembled those of lymphatic 
leukemia of man The leukocyte count was 24,000 per cubic milh- 

440 Breedis, C , and Furth, J The Feasibility of Preserving Neoplastic Cells 
in the Frozen State, Science 88 531, 1938 

441 Bichel, J Dauerzuchtung von leukamischen Zellen m vitro, Ztschr f 
Xrebsforsch 48 92, 1938 

442 Yudina, N D Leukosis of Chickens Induced by Injections of Canceri- 
senic Agent 12 5 d-rfiBcnzanthracene, Med zur 7 819, 1937 

443 Ahlstrom, C G Gleichzeitiges Vorkommen eines Retikelzellsarkoms und 
einer lymphatischen Leukamie, Virchows Arch f path Anat 301 49, 1938 

444 Clapham, P A The Relation of Helminthiasis to Leukaemia in Domestic 
Powls, J Helminthol 16 53, 1938 

445 Rask-Nielsen, R Experimental Studies on a Transplantable Aleukemic 
Myelomatosis in White Rats, Acta path et microbiol Scandinav 15 285, 1938 

446 Stasney, J , and Feldman, W H Leukemic Lymphoblastoma in a Calf 
A Hematologic and Histologic Study, Am J Cancer 34 240, 1938 
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meter, with 68 per cent immature lymphocytes Furth and Furth 
noted monocytic leukemia m 9 of 96 mice which were given 1, 2 
benzpyrene intrasplenically The incidence of myelogenous leukemia was 
greater than that in the controls, although a causal relation was not 
definite The Rask-Nielsens were unable to demonstrate a specific 
agent by the injection of killed leukotic cells into irradiated and non- 
irradiated mice Lanza pioduced myelogenous leukemia in rats by 
the injection of 1, 2 benzpyrene into the bone marrow, Pikovski and 
Doljanski leported similar results 

The basal metabolic rate was found by Olson and Dukes to be 
slightly increased m transmissible fowl leukosis and fibrosarcoma and 
greatly increased in lymphosaicoma 

Victoi and Potter found that the serum dextrose value (heart 
blood) foi leukemic mice (ether anesthesia) varied from 38 to 129 
mg per hundred cubic centimeters, as compared with 159 to 284 mg 
m normal and immune mice Neither the administration of dextrose 
noi that of adienal cortical extract prolonged the life of leukemic mice 
These authois also found that the respiratory rate of normal lymphatic 
tissue and seveial transmission lines of lymphatic leukemia is depressed 
by dextrose The amount of depression varied with the transmission 
line There appeared to be no correlation between the changes m the 
respiiatory quotient produced by dextrose and in the glycolytic rates of 
cells of lymphatic leukemia tissue 

^^ctor and Pottei noted that a\ hen 0 2 per cent dextrose was 
added to cells of mouse Ij'inphatic leukemia m leukemic serum, anaeiobic 
glycolysis was about three times greatei than when normal serum 
was used When no dextrose was added, the oxygen consumption was 

447 Furth, J, and Furth, O B Monocjtic Leukemia and Other Neoplastic 
Diseases Occurring in Mice Following Intrasplenic Injection of 1 2-Benzpyrene, 
Am J Cancer 34 169, 1938 

448 Rask-Nielsen, H C , and Rask-Nielsen, R Further Studies on a Trans- 
missible Mye’oid Leukosis in White Mice, Acta path et microbiol Scandinav 
15 169, 193’8 

449 Lanza, G Quadri leucemici nei ratti da inienzioni intramidollari di 1 2 
benzopirene Effetti della inoculazione di saiigue ed organi di ratti con leucemie 
da 1 2 benzopirene in ratti normall, Pathologica 30 185, 1938 

450 Pikorski, M, and Doljanski, L Leukaemia Produced by Cancerogenic 
Substance Prehminarv Note, Haiefuah 14 xi, 1938 

451 Olson, C, and Dukes, H H The Basal Metabolic Rate of Chickens 
Affected with Fowl Paralysis, Transmissible Fowl Leucosis and Certain Spon- 
taneous Neoplasms, Folia haemat 60 57 1938 

452 Victor, T , and Potter, J S Low Serum Glucose in Leucemic Mice, 
Am J Cancer 33 578, 1938 

453 Victor, T , and Potter, J S The Respiratory Quotients of Normal and 
Leukemic Mouse Lj'mphoid Tissue, Am J Cancer 32 554, 1938 

454 Victor, J , and Potter, J S Leukemic Cell Metabolism in Serum of 
Normal, Immunized and Leukemic Mice, Am J Cancer 33 568, 1938 



STURGIS ET AL— BLOOD 


205 


greater than the carbon dioxide elimination This is just the reverse 
of the condition in normal or immune serum In normal sei um, leukemic 
and noimal lymphoid cells have highei lespiratory lates than m Ringei’s 
solution, while the anaerobic gl3^colytic rates aie the same in the two 
mediums Butler and Warien^®° noted quick recoveiy from paralysis 
and a letuin of the blood picture to normal in leukemic fowls given injec- 
tions of 1 or 2 cc of cold pressed wheat germ oil m the breast Cole,^®^ 
howevei, was unsuccessful m this respect when he injected wheat geini 
oil intraperitoneall)'' 

NIEMANN-PICK DISEASE SCHULLER-CHRISTIAN DISEASE, GAUCHER 
DISEASE, AND LIPOID IIISTIOC\ TOSIS 

An extensive review of the clinical and physiologic featuies of the 
xanthomatous diseases, including Niemann-Pick disease, Gauchei’s dis- 
ease and Hand-Schullei -Christian disease, was given by Thannhauser 
and Magendantz The data are illustiated with mateiial on 22 cases, 
and a bibhogiaphy of one hundred and fifty-nine articles is given Gen- 
eral consideration of the pathologic features of the lipoidoses has also 
been given by Epstein and Muller 

Naegeh analyzed the geographic distribution of vaiious hemopoi- 
etic dysciasias In addition to the more common diseases, data on some 
of the moie unusual foims weie given A gioup of over 100 cases of 
ovalocjte anemia were leported from Danzig, and 11 cases of Hand- 
Schullei -Christian disease were leported from Debiecen, Hungary 

Sternal puncture material may be of aid in the diagnosis of Gaucher’s 
disease Schaitum-Hansen demonstrated the chaiactenstic cells in the 
mariow of 2 patients The marrow itself was hyperplastic, with a rela- 
tive increase m “macroblasts” and an increase in the relative percentage 
of erythroblasts as compai ed in ith that of the leukopoietic cells Erf 

455 Butler, W J, and Warren, D M Fowl Leucemia and Vitamin E A 
Preliminary Report, J Am Vet M A 45 204, 1938 

456 Cole, R K Vitamin E and Avian Neurolymphomatosis, Science 88 
286, 1938 

457 Thannhauser, S J, and Magendantz, H Different Clinical Gioups of 
Xanthomatous Diseases A Clinical Physiological Study of Twenty-Two Cases, 
Ann Int Med 11 1662, 1938 

458 Epstein, E Beitrage zur Pathologic der allgemeinen Lipoidosen, Ergebn 
d allg Path u path Anat 33 280, 1937 

459 Muller, H Ueber die sogenannten pnmaren Lipoidosen, Ztschr f 
Kinderh 59 476, 1938 

460 Naegeh, O Geographisch-medizinische Erforschung der Anaemien, in 
Comptes rendus de la troisieme Conference international de pathologic geo- 
graphique, Helsingfors, Mercators Tryckeri, 1937, p 81 

461 Schartum-Hansen, H Sternalpunktion bei Morbus Gaucher, Folia 
haemat 61 180, 1938 

462 Erf, L A Studies of Gaucher Cells by the Supravital Technique Am 
J M Sc 195 144, 1938 
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found Gaucher cells in sternal puncture mateiial from 5 patients, 1 
patient had myelocytes and myeloblasts in the blood stream, 1 had no 
palpable enlaigement of the liver or spleen and 1 was severely jaundiced 
On supravital staining, the Gaucher fibrils m the cell cytoplasm weie 
often S shaped, with tapered extiemities, they were 5 to 10 microns in 
length and 0 5 to 1 0 microns m width 

Clinical and chemical studies of Gaucher’s disease are leported by 
Zehnder and by Pachman Webster described a case of 
Gaucher’s disease m a 6 yeai old giil The spleen vas remo\ed Six 
and a half yeai s later the patient appeared well, although there was some 
increase in pigmentation The patient reported on by Pack and Silver- 
stone also shov ed improvement aftei splenectom}’- 

Freudenberg made studies of the blood and tissues of identical 
twins d}ing of Niemann-Pick disease Increased esterase and high 
phosphatase values were found for the blood serum The findings did 
not suggest that the hpoid abnormality depended on deficient enzyme 
action 

Teunissen and den Ouden concluded that the phosphatide stored 
m the spleen in Niemann-Pick disease is sphingomyelin and that the 
lecithin increase is secondary and smaller Cases vere described by 
Lignac and Teunissen,‘‘°° Loebell and Atkinson 

Kato studied a 9 month old girl with Niemann-Pick disease 
Symptoms were noted at the age of 3 months Dried splenic substance 
showed 3 08 per cent lecithin From the spleen in Niemann-Pick 

463 Zehnder, M Klinischer und cliemischer Beitrag zum Studium des Alor- 
bus Gaucher, Deutsche Ztschr f Chir 250 422, 1938 

464 Pachman, D J Chronic Gaucher’s Disease, Am J Dis Child 56 248 
(Aug) 1938 

465 Webster, R Pathological Reports from Children’s Hospital, Melbourne 
V Gaucher’s Disease, J Australia 2 22, 1938 

466 Pack, G T , and Silverstone, S M Gaucher’s Disease Report of a 
Case Improved After Splenectomy, Am J Surg 41 77, 1938 

467 Freudenberg, E Klinische Beobachtungen und Untersuchungen an einem 
Zwilhngspaar mit Niemann-Pickscher Krankheit (NPK), Ztschr f Kinderh 
59 313, 1937 

468 Teunissen, P H , and den Ouden, A Contributions to the Study of 
Phosphatide Lipoidosis (Niemann-Pick’s Disease), Nederl tijdschr v geneesk 
84 2406, 1938 

469 Lignac, G O E , and Teunissen, P H Beitrag zur Kenntnis der 
Lipoidosis phosphatidica, Beitr z path Anat u z allg Path 101 139, 1938 

470 Loebell, H Niemann-Picksche Erkrankung und Ohr, Hals-, Nasen- u 
Ohrenarzt (Teil 1) 29 119, 1938 

471 Atkinson, F R B Niemann-Pick’s Disease, Brit J Child Dis 34 
245, 1937 

472 Kato, S A Case of Niemann-Pick’s Disease, Acta paediat japon 44 
533, 1938 



STURGIS ET AL— BLOOD 


207 


disease, Chargaft isolated a substance \\ Inch had marked anticoagulant 
properties Chemicall)'- the material was a sulfuric acid ester W ood ‘ ^ 
described a case of Niemann-Pick disease m an 8 month old white girl 
At autopsy theie was, m addition to the generalized xanthomatosis, 
piimaiy caicmoma of the liver (hepatic cell type) 

Kenned}'- summarized the clinical features of 8 cases of Schuller- 
Chiistian disease The xanthomatous changes were widespread m the 
organs and tissues, and the skull was involved m all the cases The 
blood hpoid values did not vary significantly from noimal Rapid heal- 
ing followed radium oi roentgen therapy Cases of Schuller-Christian 
disease Aveie described by Aboulker, Bertrand-Guy and Faraggi,‘‘‘“ 
Benedek,^"' Haller\oiden,^'*^ Marmescu, Draganesco, Stroesco and 
Palade,'*''’ Vampie, ^’lllaca and Delape,-*®” Miyaji,-*®^ Shea,"*^^ van 
Bogaert,-*®^ Warbuig,-*®-* ^^’'elSsenbol n and Wuim,**®® Wynkoop and 
Hadley and Hankey ■‘®' 

473 Chargaff, E Studies on the Chemistry of Blood Coagulation VIII 
Isolation of a Lipid Inhibitor of Blood Clotting from the Spleen in a Case of 
Niemann-Pick’s Disease, J Biol Chem 125 677, 1938 

474 Wood, H Generalized Essential Xanthomatosis (Type Niemann-Pick) 
Associated %vith Primary Carcinoma of the Liver in an Infant, Arch Path 26 
873 (Oct ) 1938 

475 Kennedy, R L J Xanthomatosis Schuller-Christian’s Disease, Proc 
Staff Meet, Majo Clin 12 776, 1938 

476 Aboulker, H , Bertrand-Guy and Faraggi Deux cas de maladie de 
Schuller-Chnstian, Bull et mem Soc de radiol med de France 25 721, 1937, 
Algerie med 42 36, 1938 

477 Benedek, L Hand-Schuller-Christian Syndrome, Or\osi hetil 82 211, 
1938 

478 Hallervorden, J Gehirnbefunde bei Christian-Schullerscher Krankheit 
und allgemeinen Cholestennosen, Ztschr f d ges Neurol u Psychiat 161 384, 
1938 

479 Marmescu, G , Draganesco, S , Stroesco, G , and Palade, G Examen 
anatomo-clinique d’un cas atj pique de la maladie de Schuller-Christian, Ann 
d’anat path 14 673, 1937 

480 Vampre, E , Villaca, C M , and Delape, J B Molestia de Hand- 
Schuller-Christian, Rev Assoc paulista de med 11 293, 1937 

481 Miyaji, S Experimentelle Beitrage zur Frage der xanthomatosen 
Erkrankungen, Arch f klin Chir 192 190, 1938 

482 Shea, J J Xanthomatosis (Schuller-Christian’s Disease) Report of a 
Case with Radiosensitive Pathology in Mastoid, Laryngoscope 48 589, 1938 

483 van Bogaert, L Les aspects neurologiques des cholestennoses generah- 
sees. Bull Acad roy de med de Belgique 3 206, 1938 , Progres med , Alay 28, 
1938, p 785 

484 Warburg, E Case of Hand-Schuller-Chnstian’s Disease, Ugesk f 
l^ger 100 749, 1938 

485 Weissenborn and Wurm, H Lipoidgranulome des Schadeldachs ohne 
allgemeine Lipoidgranulomatose (Hand-Schuller-Chnstiansche Krankheit) bei 
generalisierter Tuberkulose, Chirurg 10 462, 1938 
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BONE MARROW 

Weil and Perles published an illusti ated monograph on the 
findings for different diseases on sternal puncture Reiter called atten- 
tion to the nonhomogeneous distribution of the marrow m the sternum 
111 aplastic anemia, granulocytopenia and myelophthisis, as compared to 
the uniform changes in leukemia and pernicious anemia In those cases 
111 which there is irregular distribution of the marrow, sternal puncture 
may give misleading pictures and result m misinterpretation Osgood 
proposed a nomenclature for blood and hone marrow cells The differ- 
ential points 111 the identification of each type of cell vere given in 
analytic tables The new names differ from the standard nomenclature 
(e g, led blood cell is akaryocyte, and polymorphonucleai neutiophil 
IS lobocyte) hut all hematologists have not yet accepted the changes 
Cultuies of bone marrow cells were used by Osgood to determine 
the method of action of sulfanilamide The drug had no effect on 
phagocytosis but appealed to neutralize the toxins of beta hemolytic 
sti eptococci 

Huggins and Smith found that intiaAenous injections of colloidal 
thoiium dioxide caused no significant changes m the cellular elements 
of venous blood Thorium was fixed b} the cells of the i eticuloendo- 
thelial system Anemia or plethoia did not cause migration of the cells, 
and m new h foi med marrow^ the macrophages w ere fi ee from thoi inm 
Grow'th m the thickness of the hone marrow occurs at its ciicumfeience 
Fitz-Hugh,'^'^ in summaiizmg the action of certain diugs on the 
blood and bone mariow'’, noted reports of aplastic anemia (I), hemolytic 
anemia (II), thiombopenic purpura (III), agranulocytic angina (IV) 

486 Wynkoop, E J , and Hadley, L Schullcr-CIiristian’s Disease Report 
of a Case, Arch Pediat 55 417, 1938 

487 Hankey, G T Three Unusual Affections of the Jaw Fibro-^Iyxo- 
Sarcoma of the Mandible, Multilocular Cvst Arising fioin Maxillary Dental Cyst, 
Xanthomatosis or Lipoid Granulomatosis of the Mandible (Schuller-Christian’s 
Syndrome), Proc Roy Soc Med 31 1137, 1938 

488 WCil, P E, and Perles, S La ponction sternale Precede de diagnostic 
cvtologique, Pans, Masson &. Cie, 1938 

489 Reiter, B Anatomische Untersuchungen zur Frage der Inhomogenitat 
des Knochenmarkes im Hmblick auf die Auswertung der Sternalpunktion, Ztschr 
f d ges exper Med 103 694, 1938 

490 Osgood, E E The Histogenesis, Classification and Identification of the 

Ce’ls of the Blood and Alarrow Based on Cultures and Hematologic Studies of 
Human Mai row and Blood, Am J Clin Path 8 59, 1938 

491 Osgood, E E Culture of Human Alarrow Studies on the Alode of 

Action of Sulfanilamide, JAMA 110 349 (Jan 29) 1938 

492 Huggins, C, and Smith, K M The Effect of Hypertrophic Caitilage 

on Bone A'larrow Growth, J Exper Med 67 41, 1938 

493 Fitz-Hugh, T Sensitivity Reactions of the Blood and Bone A'larrow to 
Certain Drugs, JAMA 111 1643 (Oct 29) 1938 
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and leukemoid reactions (V) after the use of the following substances 
acetanilid (11), aminopynne (II to V), antipyrine (II), arsphenamine 
(I to V), benzene (I to V), bismuth (III, IV), causalin (IV), 
cinchophen dinitiophenol (IV), ergot (III), gold salts (I, III, IV), 
neostibosan (IV), nirvanol (IV), iiovaldm (IV) , acetophenetidm (IV), 
plasmochin (IV), quinine (II to V), sedoimid (HI) and sulfanilamide 
(I to V) 

Bock and Frenzel ligated the splenic vein in 5 rabbits and pio- 
duced inhibition of the bone marrow The eiythrocytes returned to 
normal in ten weeks, but the leukocytes did not do so until thirty-five 
weeks had passed and only aftei treatment had been given Holdeilm 
injected into labbits a 5 per cent sterile solution of milk casein. Bacillus 
coll vaccine, horse serum and histamine at intervals of three to four days 
When the animals were sensitized, an injection was given and the bone 
inairow examined three to five days later Some specimens showed 
“iriitation’' and others exhaustion Seium was most toxic and milk 
casein and histamine the least There appeared to be no parallelism 
between the condition m the bone marrow and the picture of the 
periphei al leukocytes 

Rhoads and Miller studied 69 patients with idiopathic progres- 
sive anemia and found that the sternal bone inanow suggested a 
pentavalent classification The first gioup showed replacement of 
hemopoietic tissue by a cellular structure composed of megakaryocytes 
m vaiious stages of development In the second group the marrow was 
sclerotic The remaining thiee gioups showed vaiious degrees of cel- 
lularity of the marrow, aplastic, active and hypei plastic In the latter 
groups theie was failure of the hemopoietic cells to mature bejond an 
early undifferentiated stage A i elation to agranulocytosis was 
postulated 

After roentgen thei apy, Meller, Gottlieb and Brauner found, by 
means of repeated sternal punctures, that there is an excitation of the 
young elements of the bone marrow duiing the first few houis, with 
subsequent maturation There is a coiisideiable mciease of adult granu- 
locytic elements (segmented polymorphonuclear neutrophils) The 
increase in 1 case was from 284 per thousand to 628 per thousand 

494 The roman numerals after the names of the drugs refer to the diseases 
that have ]ust been listed 

495 Bock, H E, and Frenzel, B Splenogene Knochenmarkhemmung Tier- 
expenmentellen Beweis, Klin Wchnschr 17 1315, 1938 

496 Holderlin, H Knochenmark und Blutbild bem sensibihsierten Tier, Vir- 
chows Arch f path Anat 302 118, 1938 

497 Rhoads, C P , and Miller, D K Histology of the Bone Marrow in 
Aplastic Anemia, Arch Path 26 648 (Sept) 1938 

498 Meller, O , Gottlieb, F , and Brauner, R The Importance of the Indi- 
cations from Sternal Puncture m Roentgen Therapy, Radiology 31 149, 1938 
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twent}-four hours after irradiation The authors feel that the myelo- 
gram IS a valuable guide during the course of roentgen therapy 

In 13 cases of multiple m3^eloma, Rosenthal and Vogel found no 
characteristic blood picture Thrombocytopenia was present m 5 cases 
In m}^elocytic myeloma, myeloc3'tes and myeloblasts appeared m the 
blood stream V^hile roentgen observations, hyperprotememia, the 
“formol gel” leaction and Bence Jones proteinuria were of diagnostic aid 
m some cases, the finding of myeloma cells on steinal puncture revealed 
the underh mg condition 

HEMATOLOGIC METHODS 

The time of erythrocyte legeneration after hemorrhage from peptic 
ulcei IS constant according to Schi^dt being thirt3f-thiee da3"S The 
rate of mciease varies with the level of the red blood cell count after 
hemorrhage ceases but the rate of production is always that noimall3" 
required for balance The late of destruction is decreased m propoition 
to the amount of blood lost, since old as v ell as 3 oung cells are removed 
b^ bleeding and the nev cells enteimg the circulation are not ripe for 
destruction 

Ettoii and Grangaud ha-\e modified the Ponder and Saslow 
method of estimating the total cell Aolume \\hich depends on determina- 
tion of the concentiation of a known quantit3 of free hemoglobin added 
to a known Aolume of whole blood Their "s allies for normal subjects 
\aried betw'een 40 and 50 per cent, with an eiior said to have been 
within 1 per cent 

Studies of the blood volume haie been leported b3’^ Gibson and his 
associates,®®- emplo3Mng the azo d3e Eians blue the spectrophotometer 
and the Evel3ai photoelectric miciocoloiimeter The method w’^as said 
to give constant values for plasma lolume watliin a range of plus 01 
minus 2 5 per cent For clinical lesearch the microcoloiimetei w’as pre- 
feried b3 the authors to the specti ophotometer, because of its relative 
simphcit3q speed, econom3'^ and absence of subjective erioi An analysis 
of colorimetric methods of obtaining plasma volume determinations w^as 

499 Rosenthal N, and Vogel, P Value of the Sternal Puncture in the 
Diagnosis of Multiple ^Mjeloina, J Mt Sinai Hosp 4 1001, 1938 

500 Schiffdt, E A Standard for Estimating Blood Regeneration After Hem- 
orrhage, Acta med Scandinav , 1938, supp 89, p 157 

501 Ettori, J , and Grangaud, R Sur la determination du volume globulaire 
influence des anticoagulants sur le volume globulaire mesure par photometric, 
Compt rend Soc de biol 128 181, 1938 

502 Gibson, J G , Jr , and E^ans, W A, Jr Clinical Studies of the Blood 
Volume I Clinical Application of a Method Employing the Azo Dj'e “E^ans 
Blue” and the Spectrophotometer, J Clin Ini estigation 16 301, 1937 Gibson, 
J G, Jr, and Evelyn, K A Clinical Studies of the Blood Volume Adaptation 
of the Method to the Photoelectric Microcolorimeter, ibid 17 153, 1938 Thom- 
son, Hirsheimer, Gibson and Evans 
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published by Gregei sen He criticized, on grounds of inaccuiacy, the 
ordinary dye and coloi imetric methods and advocated the use of the 
blue dye T-1824, ^^lth spectrophotometric determinations 

A calibrated miciopipet with a 50 cubic millimeter capacity has been 
devised b} Kato It is adapted for small quantities of blood and is 
applicable to a number of hematologic procedures, including determina- 
tions of the sedimentation rate and the volume of packed cells and micro- 
precipitation tests for syphilis 

A number of papeis dealing with the factors influencing sedimenta- 
tion of erythrocytes and questioning methods of so-called correction of 
the rate for changes in cell volume have been published during the past 
yeai Tiffeneau and Gysm separated plasma, by ultiafiltiation, into 
u\o fi actions The rate of settling of the red blood cells was decreased 
in the nonprotein fraction, whereas it was increased m the protein frac- 
tion In the case of specimens of blood possessing different sedimen- 
tation rates, the rates of settling become the same when the nonprotein 
plasma fractions are used but vary when the protein fractions are 
employed in accordance with the lates of the specimens from which the 
fractions were obtained On the other hand, the use of cells from differ- 
ent specimens of blood does not influence the rate The authois also 
concluded that plasma protein accelerates the sedimentation rate in 
accordance with its molecular size Schustei reported his observations 
m 121 cases and found that polycythemia retaids the sedimentation 
rate, i\hereas anemia accelerates it but that no chaited system of coi- 
rection for changes m the blood count is satisfactory He advocated 
adjustment of the count to a standard concentration by removal or 
addition of plasma Bouton,'^®* howevei, stated, fiom his observations on 
patients after malaria inoculation that the relative number of erythrocytes 
in the plasma has a negligible effect per se on the rate of settling of 
the red blood cells and that such an effect as may exist is inconstant 
He concluded that attempts at compensation for anemia represent 
pseudoaccuracy and that the unmodified sedimentation curve, graphi- 

503 Gregersen, M I An Analysis of Colorimetric Methods m Relation to 
Plasma Volume Determinations, J Lab & Clin Med 23 423, 1938 

504 Kato, K Combination Microhemopipette for Determination of the Sedi- 
mentation Rate, Packed Cell Volume and Fragility of Erythrocytes, Especially 
Adapted for Use in Children and Small Laboratory Animals, J Lab & Clin 
Med 23 980, 1938 

505 Tiffeneau, R , and Gysin 0 Role des protides plasmatiques dans la 
Vitesse de sedimentation des hematics Influence du volume des molecules proti- 
diques, Compt rend Soc de biol 126 1160, 1937 

506 Schuster, N H Sedimentation Rate in Relation to the Red Cell Count 
The Problem of Correction, Tubercle 19 529, 1938 

507 Bouton, S M , Jr Erythrocyte Sedimentation and Anemia A Pre- 
liminary Report, J Lab & Clin Med 23 519, 1938 
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cally recorded, is a valuable diagnostic aid Hambleton and Christian- 
son studied the sedimentation rate of blood adjusted with isotonic 
solution of sodium citrate to cell volumes of 25, 29, 35, 40 and 45 per 
cent Then results indicated to them that correction for the cell volume 
IS, in general, of advantage for blood with a volume of packed cells in 
excess of 45 per cent but that correction was undesirable when the 
volume was subnormal Cutler, Park and Herr stated that anemia has 
little or nothing to do with the aggregation or sedimenting phase of the 
sedimentation phenomenon but that it is concerned with the terminal or 
packing phase Consequently, according to these authors, correction for 
anemia by chaits or by adjustment of plasma to obtain a normal cell 
volume IS inaccurate, and interpietation should be based on the shape 
of the sedimentation curve, as well as on the extent of the fall at one 
hour Hynes and Whitby,^^'’ on the other hand, have supported the 
principle of the Wmtrohe and Landsberg method of correction of the 
sedimentation rate for anemia by means of a logarithmic chart but have 
put forward a new correction chart based on a wider range of rates than 
that employed by Wmtiobe and Landsberg They advocated expiessing 
the sedimentation rate m geneial terms rather than as an exact figure 
Obseivations of the sedimentation rate for children with nutritional 
anemia led Smith to conclude that the blood in these cases does not 
behave as does diluted normal blood A furthei report w'as published 
by Lee on an automatic photogiaphic recorder of erythrocyte 
sedimentation 

508 Hambleton, A , and Christianson, R A A Simplified Aletliod of Cor- 
recting the Sedimentation Rate for the Effect of Cell Volume, J Lab & Clin 
Med 23 860, 1938 

509 Cutler, J W , Park, F R , and Herr, B S The Influence of Anemia 
on Blood Sedimentation, Am J M Sc 195 734, 1938 

510 Hjmes, M , and Whitby, L E H Correction of the Sedimentation Rate 
for Anaemia, Lancet 2 249, 1938 

511 Smith, C H Sedimentation Rate in Nutritional Anemia of Infants and 
Children Its Response to Treatment with Iron (Ferrous Sulfate), Am J Dis 
Child 56 510 (Sept ) 1938 

512 Lee, T The Sedimentometer A Photographic Recorder of the Suspen- 
sion Stability of the Erythrocyte, Am J M Sc 195 729, 1938 



News and Comment 


Biological Photographic Association — The ninth annual convention of the 
Biological Photographic Association will be held Septembei 14 to 16 at the 
Mellon Institute for Industrial Research, Pittsburgh The piogram will he of 
interest to scientific photographers, scientists who use photography as an aid in 
their work, teachers in the biologic fields, technical experts and serious amateurs 
It will include discussions of motion pictuie and still photography, photo- 
micrography, color and monochrome films and processing, all m the field of 
scientific illustrating Up-to-date equipment will be shown m the technical exhibit, 
and the print salon will display the work of many of the leading biologic pho- 
tographers in the United States and abroad 

The Biological Phofogiaphic Association Joinnal is published quarteily and 
constitutes a volume of about 250 pages, which is furnished free to members 
Membership privileges include an authoritative question and answei service and 
the right to borrow loan albums and exhibits of scientific prints for study and 
display 

Furthei information about the association and the convention may be obtained 
bj writing the secretary of the Biological Photographic Association, University 
Office, Elizabeth Steel Magee Hospital, Pittsburgh 


213 



Book Reviews 


Kvantitativet unnsediments bestemmelser Et bidrag til belysning af 
protemspdrgsmaalet ved nefritisdiaten Bv Asger Naeraa Pp 191 
Copenhagen Nyt Nordisk Forlag-Arnold Busck, 1936 

The author gives in this book, or thesis, for which he was awarded the degree 
of Doctor of Medicine at the University of Copenhagen, an illustration of the 
effect of the protein diet in the treatment of nephritis He calls the work 
“Quantitative Determinations of Urinary Sediments ” 

In the introduction he mentions the three generally accepted types of Bright’s 
disease, their characteristic symptoms being (1) hematuria, (2) albuminuria and 
(3) hypertension But it is on the classification made by Addis (hemorrhagic, 
degenerative and arteriosclerotic), with some modifications of his own, that he 
bases his clinical experiments With sediment counts he finds it possible to follow 
the course of inflammatory renal conditions from day to day 

He soon found much uncertainty concerning the following phases of the problem 
of sediment counts (1) the fluctuation of the sediment contents under different 
normal physiologic conditions, (2) the quantity of sediment in persons with benign 
albuminui la and (3) the influence of the usual hospital medicaments, especially 
salicyl prepaiations 

The first part of the book is devoted to the examination of these problems, the 
discussion of the organic components of the sediment and the description of the 
technic used by the author 

The second part deals with the mam issue, the significance of the diet during 
the treatment of acute hemorrhagic nephritis, with special reference to the possible 
injunousness of protein Naeraa points out that the uncertainty m regard to the 
influence of the diet has caused most patients with acute nephritis to be kept on 
a general diet for a feveiish condition and that a remarkable number of physicians 
sti 1 adhere to the slogan of Crestien “Lc lait oit la vwttc" The result is that 
many patients suffer from undernourishment 

After examination of many discussions of the problem, the author finds that 
the mam reason for disagreement is that the writers do not keep its different 
phases separate He therefore classifies the main questions as follows (1) the 
possible injunousness and irritating effect of protein during acute inflammation 
of the kidney, (2) the possible injurious effect of protein during chronic nephritis, 
especially arteriosclerotic nephritis, and (3) the possible injurious influence of 
protein when renal insufficiency is present, as shown by the nonprotein nitrogen 
of the blood The only one of these questions on which all agree is that protein 
must not be given during acute renal msufficiencj' 

After a short review of the importance of the different symptoms, followed bv 
an outline and diagrams of the course of hemorrhagic nephritis, the author 
describes his experiments with a number of patients Only males were selected, 
in order that urine free from other elements might be obtained He first gave 
9 patients a diet of 2,750 calories, with a protein content of 40 Gm After the 
hematuria became constant a change was made to 3,000 calories, with 125 Gm 
of protein The two diets were thereafter given alternately, the period of each 
lasting from eight to nineteen days One patient was given the high protein 
diet only, and 3 were kept on the usual low protein nephritic diet Daily counts 
of the urinary sediments were kept m all cases The description of each of the 
experiments is illustrated by graphs and tables, and an abstract of each case is 
printed at the end of the book 
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In conclusion, Naeraa gives the following summary of his studies and experi- 
ments 

1 The Addis method of counting the number of cells and casts in the urine, 
as well as the author’s modification of it, gives a true estimate of these elements 

2 When the urine has been separated and Quensel’s color fluid added, the 
formed elements (if the urine is concentrated) will keep for several days 

3 Sediment determinations for 70 apparently well persons aged from 20 to 
40 gave the following values for twelve hour night urine 

Erythrocytes Leukocytes and Epithelial Cells Casts 

0 1,100,000 ^ 48,000 4,000,000 0 8,700 

130,000 1.000,000 1,900 

All casts were hyaline 

In the case of 10 persons aged from 55 to 90 the sediment deviated from 
normal Casts were found in great number, up to 15,000 

4 Examination of the day urine from 21 of the 70 persons mentioned did not 
show any difference m the amount of formed elements from that of the night 
urine The nephritic patients gave indication of greater bleeding during the day 
than at night 

5 Examination of the sediments from normal persons exposed to great exer- 
tion gave no indication of any exertion hematuria On the other hand, the number 
of casts may rise as high as that found m patients with nephritis All casts are 
hyaline, even though the precipitation of crystals may give them a deceptive 
resemblance to granular casts The number of casts seems to increase with the 
duration of the exertion 

6 Salicyl preparations, even in ordinary therapeutic doses, will cause an 
increase in the number of casts After onlv I Gm of magnyl has been given 
there may be as many as 50,000 casts in twelve hour night urine After a salicyl- 
ate has been taken daily for a longer time, this number may inciease to several 
hundred thousand The casts are all hyaline It is presumed that the casts 
increase in number because the salicyl radical disengages the protein substance 
normally contained in the urine There is no indication that salicyl preparations 
damage the kidneys 

7 Examination of the night and day mine of 11 boys with benign albuminuria 
showed that the sediment did not contain an abnormal number of erythrocytes or 
leukocytes, but that off and on the number of hyaline casts was increased 

8 The highest recorded number of erythrocytes found in the night urine during 
the acute stage of hemorrhagic nephritis is 10,000,000,000, which means about 
2 cc of blood 

During the acute stage of hemorrhagic nephritis the patients have real pyuria 
Sometimes they secrete as many white as red blood corpuscles 

10 A graph for sediment counts carried out daily during the course of hemor- 
rhagic nephritis shows great fluctuation m the number of erythrocytes, even when 
they are decreasing The white corpuscles, on the other hand, show less fluctua- 
tion Great increase of erythrocytes is often seen, but does not mean any 
aggravation of the process An increase of the white blood corpuscles accompanies 
aggravation The activity of the renal inflammation ought therefore always to 
be estimated from the number of leukocytes and epithelial cells m the urine, and 
not from the degree of hematuria 

11 The number of casts during the course of hemorrhagic nephritis varies , 
yet this IS not a measuring stick of renal inflammation The number of hyaline 
casts, on the other hand, is always in a certain proportion to the degree of 
albuminuria 

12 Hyaline casts may be formed as soon as the urine is sufficiently concen- 
trated The proteins which appear in the urine under normal circumstances will 
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be disengaged at the isoelectric point This disengagement takes place where the 
urine is concentrated by retrograde resorption, namely, in the tubules where the 
casts are formed 

13 General clinical impressions, laboratory examinations and daily sediment 
counts made on patients with hemorrhagic nephritis who have received diets 
alternately poor and rich in proteins have not indicated that a diet rich in meat 
has damaged the kidney 

The general impression during the experiments was that the renal disease 
seemed to improve with food rich in proteins 

This monograph contains a large store of information concerning the signifi- 
cance of sediment counts of the urine and the influence of various factors on them 
The careful studv of the course of patients with nephritis requires some method 
of measuring the inflammation in the kidnej A study of the problem as outlined 
by Naeraa is desirable and profitable 

The Clinical and Experimental Use o£ Sulfanilamide, Sulfapyridme and 
Allied Compounds By Perrin H Long, kl D , Associate Professor of 
Medicine, The Johns Hopkins University, and Eleanor A Bliss, Sc D , Fellow 
in Medicine, The School of Medicine, The Johns Hopkins Universit} Price, 
§3 50 Pp VH -[- 319, with 6 charts New York The Alacmillan Companj, 
1939 

The entire medical profession is indebted to the authors of this monograph 
For in It Drs Long and Bliss ha\e piescnted a clear and interesting statement of 
current opnjion regarding the clinical usefulness of sulfanilamide and allied com- 
pounds Their own knowledge of the subject is, of couise, authoritative 

The book represents an amaring bit of work, for it must ha^e been written 
during a time when the authors W’ere under great pressure when new knowledge 
was coming to light almost every day and w'hcn current literature, wdiich had to 
be read and sifted critically, w'as grow'ing with prodigious speed Evidently the 
authors ha\e felt a strong sense of responsibilitj for making the information which 
they have released as recent as possible The first printing appeared in June, and 
vet a special addendum was inserted so late as April 25, and the preface w^as 
wmitten on February 14 The book, therefore, is as up-to-date as they could 
make it 

It begins wnth a delightfullv written chapter gning the historj of sulfanilamide 
therapy Then follow' seven chapters w'hich deal with the chemotheraps of experi- 
mental bacterial infections, the comparative pharmacology' of sulfanilamide and 
allied compounds, the mode of action of these drugs, then clinical use and, finally, 
their clinical toxic manifestations At the end of each chapter is a bibliography, 
tow'ard the end of the book, an index of authois, and at last, an unusually com- 
plete subject index 

The part of the volume w'hich deals w'lth clinical treatment will appeal most 
to practicing physicians The authors show admirable restraint and take care to 
be conseivative rather than too enthusiastic Thej' mention the variety of diseases 
W'hich are being treated with sulfanilamide, the customary dose of the drug in 
common use and the therapeutic results w'hich seemingly have been obtained in 
their ow'n experience or in that of others ' 

They discuss debatable matters in connection w'lth sulfanilamide therapy frankly 
and with open mind , thej' point out gaps in present know'ledge , thej look to the 
future Not only do they make anv reader sense the importance of the discovery 
of sulfanilamide and explain how he may use the drug or its allied compounds 
W'lth reasonable intelligence, but they stimulate imagination by suggesting tbe 
diverse ways by w'hich, in the future, chemotherapy is likelv to become increasingly 
significant On the whole, the book is one of the most important books of the 
year Everj phvsician should read it 
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EFFECT OF DIHYDROTACHYSTEROL IN TREAT- 
MENT OF PARATHYROID DEFICIENCY 

EDWARD ROSE, MD 

AND 

F WILLIAM SUNDERMAN, MD, PhD 

PHILADELPHIA 

Tachysteiol is one of seveial sterols derived fiom ergosteiol by 
iriadiation with ultraviolet light Its relation to the other sterols can 
best be illustrated by the scheme modified by Bills ^ from that of Setz 

Ergosterol 

4 - 

Lumisterol 

4 

Tachysterol 

4 

Calciferol (vitamm D) — — , 

4 

Substance 248 ? 

(To\isterol) 


I 1 

Suprasterol I Suprasterol II 

Experimentally tachysterol has been found to cause an increase in 
absorption and urinary excietion of calcium, and a rise in the 
concentration of calcium in the seium Theie is no evidence that 
paiathyroid function is affected An orally effective derivative, dihydio- 
tachysterol (antitetanic preparation no 10, or “A T 10”), was first 
used in the treatment of parathyroid tetany by Holtz,^ m Germany, 
in 1933 Since then it has been extensively used, chiefly in Geimany, 
and Its effects have been repoited on in considerable detail The litera- 
ture has recently been reviewed by Albright and his associates ^ Fiom 

From the William Pepper Laboratory of Clinical Medicine, the Endocrine 
Section of the Medical Clinic and the Department of Research Medicine, Hospital 
of the University of Pennsylvania 

1 Bills, C E The Chemistry of Vitamin D, J A M A 110 2150 (June 25) 

1938 

2 Holtz, F Die Behandlung- der postoperativen Tetanie, Arch f khn Chir 
177 32, 1933 

3 Albright, F , ^Bloomberg, E , Drake, T , and Sulkowitch, H W A Com- 
pans6n of the Effeffts of A T 10 (Dihydrotachy sterol) and Vitamm D on 
Calcium and Phosphorus Metabolism in Hypoparathyroidism, J Clin Investmation 
17 317, 1938 
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their review the principal data concerning dihydrotachysterol may be 
summarized 

Most writeis agree that dih 3 'diotach} sterol has no antirachitic eflfect 
The chief effects noted have been inciease m the concentration of 
seium calcium and decrease in the concentration of inorganic serum 
phosphorus The urinary calcium has been found to be inci eased and 
the fecal calcium decreased Both the ionized and the piotein-bound 
fraction of the serum calcium have been reported to be increased, with 
a moie maiked effect on the ionized fraction in cases of tetany Holtz, 
Gissel and Rossmann ‘ concluded that the calcium bound by piotein was 
the first to become increased, with a subsequent increase in the diffusible 
fraction (Their conclusions, howevei, do not appeal to be tenable, for 
reasons which will be ref cried to later ) If the calcium intake is low, 
the inciease in seium calcium is effected by withdrawal of calcium 
from the skeletal stores No detailed studies of the effect of dihydro- 
tachysteiol on calcium and phosphorus metabolism appear to have been 
made prioi to those leported by Albright and his associates ’’ They 
compared the effects of vitamin D, dihydrotachysterol and parathyioid 
extract (solution of parathyroid) in 3 cases of hypoparathyroidism and 
concluded that the fundamental actions of vitamin D and dihydrotachys- 
teiol are similar an increased absorption of calcium from the intestine 
and an increased excretion of phosphorus m the urine, the ratio of the 
latter to the former being greater with dihydrotach} sterol They con- 
cluded that the effect of dihydrotachysterol on the concentrations of 
calcium and phosphorus in the serum is secondary to these fundamental 
actions Their observations indicate that the action of vitamin D is 
slower in onset and more piolonged than that of dihydrotachysterol 

Excessive doses of dihydrotachysterol may produce fatal intoxication 
with hypercalcemia and extensive calcification, especially in the urinary 
tract, where calculi may occui The preparation used clinically is a 
0 5 per cent solution of dihydrotachysterol in sesame oil It is adminis- 
tered 01 ally The optimal dose vanes Mudely, depending on the seventy 
of symptoms and the degiee of hypocalcemia An initial dose of 5 to 
10 cc daily for three or four days usually results m a marked rise in 
concentration of serum calcium m from three to nine days after the 
first dose is given — ^much larger doses are occasional^ necessai}% how- 
ever The maintenance dose is usually between 2 and 6 cc weekly in 
cases of mild involvement Theie is a cumulative effect, and periodic 
determinations of the serum calcium are essential to avoid dangerous 
hypercalcemia There is no evidence of harmful effect from piolonged 
administration of the substance in proper doses The requirement is 
increased during menstruation, pregnancy and periods of great physical 

4 Holtz, F , Gissel, H , and Rossmann, E Expenmentelle und klinische 
Studien zur Behandlung der postoperativen Tetanic mit A T 10 Deutscl e Ztschr 
f Chir 242 521, 1934 
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01 emotional actnity Castration b)^ loentgen ii radiation is said to 
decrease the lequiiement in women The action of dihydrotachysterol is 
said to be antagonized by estiogen and androgen Lenticular cataract, 
a common complication of pai athyroid deficiency, is said to be prevented 
by dihydrotachysteiol but not to be affected once it has begun 

Dihydrotachysteiol has been shown to be highly effective in conti oi- 
ling and preventing the manifestations of parathyioid deficiency a laige 
number of cases m which it was successfully used having been lepoited, 
chiefly 111 the Geinian literature MacBiyde,® Arnold and Blum" and 
Si\ niton® have lecently repoited on its use in the United States It 
has also been used in the management of a numbei of other conditions 
— the tetany of sprue, asthma, urticaria, hemophilia, impetigo herpeti- 
f 01 mis and a vaiiety of peiipheral circulator} distuibances At piesent 
the chief advantages of the drug iii ti eating parath)aoid tetany appear 
to be (1) Its prompt and continued efficacy by peroral administration in 
maintaining normal concentrations of serum calcium and controlling 
S3aiiptonis without the necessity of dietary restiiction (low phosphoius 
diet) or adjuvant therapy (calcium or vitamin D), and (2) the small 
maintenance dose usually necessary The principal objections to its 
use appeal to be (1) its cost and (2) the necessit} of guaiding against 
hypercalcemia 

W e wish to report the effects of dihydrotachysterol on 5 patients with 
parathyroid deficiency following thyroidectomy and ranging from five 
months to thirteen years in duration The method of study in general 
tollowed the plan described by Bauer and Aub ® The patients were 
given a diet the calcium content of which was appioximately 1 Gm 
daily All rejected food was weighed and the calcium content calculated 

The total period of study was divided into periods of thiee days 
as follows (a) two to four periods during which the patient continued 
to receive the medication previously necessary to conti ol symptoms (one 
of oui patients, M R, had received no previous theiapy) , (b) two 

5 Symposium Die Tetanie (Nebenschilddruseninsuffizienz) und ihre 
Behandlung, Med Klin 32 656, 1936 Atartim, P , and Heymer, A Beitrag 
zur Behandlung der postoperativen Tetanie mit dem antitetanischen Praparat 10 
(A T 10-HoItz), Munchen med Wchnschr 80 1864, 1933 Winterstein, O 
Zur Behandlung schwerer und leichter Tetanien mit A T 10, Deutsche med 
Wchnschr 60 1831, 1934 

6 MacBryde, C The Treatment of Parathyroid Tetany with Dihydro- 

tachysterol, J A M A 111 304 (July 23) 1938 

7 Arnold, C H, and Blum, H The Control of Hypoparathyroidism, West 
J Surg 44 546, 1936 

8 Swinton, N W Postoperative Parathyroid Tetany, New England J Med 
217 165, 1937 

9 Bauer, W, and Aub, J C Studies of Inorganic Salt Metabolism I 
The Ward Routine and Methods, J Am Dietet A 3 106, 1927 
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periods during which all medication was omitted, (c) one period dur- 
ing which dih} drotachysterol was given alone m doses of 10 cc daily, 
and (d) one to five periods during which dihydrotachysterol was given 
alone m doses of 2 cc daily One patient (L H ) received viosterol 
alone in doses of 2 cc daily for two periods prior to the administration 
of dihydrotachysterol A greater number of control periods without 
calcium or viosterol therapy would have been desirable (except m the 
case of M R , who had received no such therapy) However, the 
4 patients who had received this therapy had such severe parathyroprival 
S3TOptoms that they could not safely be carried longer than for two 
periods (six days) without treatment All urine and feces were col- 
lected for each period, the limit of the periods for collection of feces 
being determined by the appearance of carmine in the stools 

Determinations at the end of each period were made of the following 
the total of serum calcium, by the method of Clark and Colhp , the 
diffusible fi action of serum calcium, from ultrafiltrates of serum 
obtained through collodion sacks according to a modification of the 
method of Greenberg and Gunther, the inorganic phosphorus of the 
serum, by the method of Fiske and Subbarow , the total serum 
protein, and the calcium contents of the urine and feces, which were 
pooled for each period The calcium of the urine and that of the feces 
were measured by modifications of the methods of Shohl and Pedley 
and McCrudden,’-'* respectively 

REPORT or CASES 

Case 1 — L H, an unmarried white woman aged 44, underwent a subtotal 
thyroidectomy for hj^perthyroidism m another hospital in 1923 This was fol- 
lowed by bilateral paralysis of the recurrent larjngeal nerves, necessitating a 
tracheotomy, and by severe sjmptoms of parathyroid deficiency The patient 
w'as first seen by us in 1927, at which time bilateral lenticular opacities were 
found There has been little change in these The patient has been under con- 
tinuous observation since 1927 Two parathyroid transplants w^ere made in 1928, 

10 Clark, E P , and Colhp, J B The Tisdall Method for Determination of 
Blood Serum Calcium, with a Suggested Modification, J Biol Chem 63 461, 1925 

11 Greenberg, D M , and Gunther, L On the Determination of Diffusible and 
Nondiffusible Serum Calcium, J Biol Chem 85 491, 1930 

12 Fiske, C H, and Subbarow, Y The Colorimetric Determination of 
Phosphorus, J Biol Chem 66 375, 1925 

13 Shohl, A T, and Pedlej--, F G A Rapid and Accurate klethod for 
Calcium in the Urine, J Biol Chem 50 527, 1922 

14 McCrudden, F H The Quantitative Separation of Calcium and Alag- 
nesium in the Presence of Phosphates and Small Amounts of Iron, Devised Espe- 
cially for the Analysis of Foods, Urine and Feces, J Biol Chem 7 83, 1909, 
The Determination of Calcium in the Presence of Magnesium and Phosphates , the 
Determination of Calcium in the Urine, ibid 10 187, 1911 
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with little benefit Therapy had included large doses of calcium, vitamin D, para- 
thyroid extract (solution of parathyroid), desiccated thyroid and a diet low in 
phosphorus The patient had become anemic, and electrocardiographic evidence of 
myocardial damage had appeared Dihydrotachysterol was given from March 27 to 
Sept 17, 1937, with resulting improvement From September 17 to November 8, she 
leceived 15 teasiioonfuls of calcium lactate and 10 minims (0 62 cm) of viosterol 
daily with a low phosphorus intake Her symptoms were only partially controlled by 
th s therapy She was under observation in the hospital from November 8 to Decem- 
ber 9, 1937 Since that time she has remained under observation m the outpatient 
clinic and has been kept fairly comfortable by large doses of calcium lactate 
combined with small doses of dihydrotachysterol (adequate doses of the latter 
were not possible because of the cost) The potency of dihydrotachystei'ol is 
illustrated by the fact that the patient showed severe symptoms of intoxication 

Table 1 — Recoid of Patient L H 



Total 

Diffusible 

Inorganic 

Serum 



Calcium, 

Calcium, 

Pliosphorus, 

Protein, 


Date 

Mg per Cc 

Mg per Cc 

Mg per Cc 

Gm per Cc 

Comment 

11/12/37 

84 


44 

72 

Calcium lactate and viosterol 

11/20/37 

5 7 

27 

50 

50 

Viosterol only for 5 days, marPcd 
symptoms of parathyroid deflcieney 

11/23/37 

58 




Ail medication withdrawn, soiere 



25 



symptoms 

11/20/37 

53 

57 

54 


11/29/37 

04 




Dihydrotachysterol begun 11/27/37 






(10 cc daily) 

12/ 2/37 

84 

38 

49 

60 

Marked clinical improvement, 34 cc 

12/ 0/37 





dihydrotachysterol to date 

92 

43 

40 

59 

Dihydrotachysterol, 2 cc daily 

12/ 9/37 

86 




Dihydrotachysterol, 2 cc every other 

12/20/37 





day, left hospital 

89 




Dihydrotachysterol, 2 cc every other 
day 

1/ 5/38 

83 




1/21/38 

78 




Calcium lactate added 

4/29/38 

10 2 





7/12/38 

15 7 


31 


Severe symptoms of hypercalcemia 

9/15/38 

98 


39 


1 cc dihydrotachysterol every other 






day, 10 teaspoonfuls calcium lac 
tate daily, low phosphorus diet, 
no tetany, but some miscellaneous 
symptoms 


(vertigo, tinnitus, thirst, polyuria, nausea and abdominal cramps), with a rise 
of total serum calcium to 15 7 mg per hundred cubic centimeters, after taking 
8 teaspoonfuls of calcium lactate and 2 cc of dihydrotachysterol daily from 
June 12 to July 8 The significant data relating to this patient are shown m 
table 1 

Case 2 — ^J J , a married mulatto woman aged 38, underwent a subtotal 
th 3 Toidectomy for hyperthyroidism in another hospital in 1927 Severe symptoms 
of parathyroid deficiency, including convulsive seizures, began several months later 
and continued intermittently until we first saw the patient, in 1935 At this time 
there was evidence of mild recurrent hyperthyroidism and bilateral cataracts 
There was a questionable history of syphilitic choroiditis Since first entering this 
clinic, the patient had received calcium lactate, viosterol, parathyroid extract, a 
low phosphorus diet and intermittent iodine therapy At the time of admission 
to the hospital she was taking 16 teaspoonfuls of calcium lactate and 10 minims of 
viosterol daily, with only partial relief of symptoms She was studied m the 
hospital from Sept 8 to 30, 1937 Subsequently she was under observation in 
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the outpatient clinic Dihydrotachysterol was omitted from Jan 14 to Oct 13, 1938, 
because she could not afford it During this period her general condition was 
about as it was before dihydrotachysterol therapy was started, and a convulsion 
occurred in September, despite a diet low in phosphorus and administration of 15 
teaspoonfuls of calcium lactate daily After the resumption of dihydrotachysterol 
the symptoms disappeared within four days, and the total serum calcium rose to a 
normal level The cataracts progressed The significant data relating to this 
case are shown in table 2 

Case 3 — H E , a white man aged 40, underwent a partial thyroidectomy for 
nontoxic nodular goiter in another hospital in 1918 This was followed immedi- 
ately by parathyroid tetany, which was manifested by intermittent syncopal 
attacks or convulsive seizures until the patient was first seen by us, in April 1937 

Table 2 — Record oj Paiicui J J 



Total 

Diffusible 

Inorganic 

Scrum 



Calcium, 

Oolcium, 

Phosphorus, 

Protein, 


Date 

Jig per Ce 

Mg per Cc 

Mg per Cc 

Gm per Cc 

Comment 

0/13/37 

83 

4 3 

39 

7 5 

J lostcrol and calcium lactate 

9/17/37 

G 5 




Therapy stopped 9/15/37, set ere 
tetanj 

Sjmptoms incrensingh severe 

9/20/37 

5 6 

26 

50 

71 

9/21/37 

0 0 




Dihjdrotachystcrol 9/21 to 9/24/37 

9/24/37 





(10 cc daily) 

04 




Cl meal improvement, dlhydro 

9/23/37 





tachj sterol, 2 cc daily 

92 

37 

4 2 

7 7 

^o sjmptoms 

9/29/87 

94 

44 

40 

71 

Discharged 9/30/37, dihydrotncbys 






tcrol reduced to 2 cc tv ice vecAlj 
unrestricted diet 

10/ 9/37 

93 





11/20/37 

80 




Minimal symptoms, dihydrotachys 






terol, 2 cc twice weekly 

12/13/37 

70 




Dihydrotnchvsterol increased to 3 ce 
tv Ice weekly 11/30/37, discontinued 
1/14/3S 

3/21/38 

91 




4/19/38 

77 





9/20/38 

82 


38 


Convulsion 9/21/3S, symptoms onlj 





partially controlled 

10/17/38 

97 


40 


On 10/13 1 cc diliydrotachysterol 





cverj other day added to 10 tea 






spoonfuls of calcum lactate dadj 
no symptoms at time of writing 


At this time the concentration of calcium was 5 6 mg and that of inorganic 
phosphorus 5 5 mg per hundred cubic centimeters of serum There was no ew- 
dence of lenticular cataract The symptoms were partially controlled by 6 tea- 
spoonfuls of calcium gluconate daily The patient was under observation in the 
hospital from Dec 6 to 26, 1937 Since that time he has been followed in the 
outpatient clinic He has remained free from symptoms, although the concentra- 
tion of serum calcium has remained slightly below the normal level with 2 cc of 
dihydrotachysterol twice a week and no other medication or restriction of diet The 
significant data relating to this case are shown m table 3 

Case 4 — M H , a married white woman aged 30, underwent a partial thy- 
roidectomy for nontoxic nodular goiter m another hospital in 1935 Symptoms 
of parathyroid deficiency developed immediately, with occasional convulsions 
There was also evidence of hypothyroidism Therapy had included small doses 
of calcium lactate, parathyroid extract (solution of parathyroid) and desiccated 
thyroid She was first seen by us on Feb 4, 1938, when the concentration of serum 
calcium was 7 5 mg per hundred cubic centimeters She was under observation in 
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the hospital from February 7 to March 5 A parathyroid transplant was made on 
March 18, subsequent observations indicated that this was without effect The 
patient has remained under observation m the outpatient clinic since leaving the 
hospital She has remained free from symptoms and without evidence of cataract 


Table 3 — Recoid of Patient H E 



Total 

Diffusible 

Inorganic 

Serum 


Calcium, 

Calcium, 

Phosphorus, 

ProteiUi 

Date 

Jig per Cc 

Mg per Cc 

Mg per Cc 

Gm per ( 

32/13/37 

78 

32 

55 

71 

32/16/37 

69 




12/20/37 

68 

30 

59 

76 

12/22/37 

7 7 





12/25/37 

1/21/38 

10 3 

90 

40 

49 

4 5 

73 

2/ 4/38 

94 


4 7 


3/18/38 

8 5 


40 


4/20/38 

83 


4 7 


7/15/38 

86 




10/28/38 

74 


4 4 



, Comment 

Calcium lactate 
Calcium withdrawn 12/14/37 

Dihydrotachysterol started (10 cc 
daily for 3 days, thereafter 2 cc 
daily), mild symptoms of para- 
thyroid deficiency 
No symptoms, discharged 12/26/37 
No symptoms, 2 cc dihydrotachys 
terol tw ce weekly 
No symptoms, 2 cc dihydrotachys 
tcrol twice weekly 
No symptoms, 2 cc dihydrotachys 
terol twice weekly 
No symptoms, 2 cc dihydrotachys 
terol twice weekly 

No symptoms, 2 cc dihydrotachys- 
terol twice weekly 
Dihydrotachysterol omitted for 2 
weeks, then resumed for 4 days prior 
to determination, no symptoms 


Table 4 — Record of Patient M H 



Total 

Diflusible 

Inorganic 

Serum 



Calcium, 

Calcium, 

Phosphorus, 

Protein, 


Date 

Jig per Cc 

Jig per Cc 

Mg per Cc 

Gm per Cc 

Comment 

2/13/38 

75 

32 

48 

68 

Tetany of moderate seventy, calcium 

2/16/38 

62 

26 



lactate plus viosterol 

Tetany more marked, no medication 

2/19/38 

5 7 

0 5 

6 5 

Tetanv no medication 

2/22/38 

70 




10 cc dihydrotachysterol daily 2/20 

2/25/38 





to 2/23/38 

9 5 

4 2 

37 

69 

2 cc dihydrotachysterol daily 2/23 

3/ 3/38 

91 


41 


to 2/21/38, marked improvement 

2 cc dihydrotachysterol every other 

5/10/38 





day 2/27 to 3/5/38, left hospital 
3/5/38 

89 


34 


2 cc dihydrotachysterol 3 times a 

6/11/38 

91 




week, no symptoms 


38 


2 cc dihydrotachysterol 3 times a 
week 

Dihydrotachysterol stopped 6/11/33, 

6/24/38 

7 5 


4 5 


7/22/38 

8 5 




recurrence of symptoms 


3 5 


Dihydrotachysterol resumed (2 cc 

10/14/38 

101 




twice a week) 7/4/38 


3 5 


No symptoms, 2 cc dihydrotachys- 






terol twice weekly 


under treatment with 2 cc of dihydrotachj'-sterol two or three times a week 
This medication was stopped from June 11 to July 4 to permit evaluation of 
the parathyroid transplant , there were a fall in the concentration of serum calcium 
and recurrence of symptoms at this time The significant data relating to this case 
are shown in table 4 

Case S — M R, a married white woman aged 30, was first seen m the out- 
patient clinic in July 1937, at which time a diagnosis of toxic diffuse goiter was 
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made A subtotal thyroidectomy was done in this hospital on August 20 The 
postoperative con\alescence was without incident The patient was not seen bj 
us after her discharge until Jan 5, 1938, when she presented evidence of para- 
thyroid deficiency , the concentration of serum calcium at this time was 6 3 mg 
per hundred cubic centimeters She was studied in the hospital from January 14 
to Februarj 11 She has received no dihydrotachysterol since leaving the hos- 
pital but has continued on a low phosphorus diet, with varying doses of desiccated 
thyroid and calcium lactate At the time of writing (November 1938) the con- 
centration of serum calcium was normal (9 mg per hundred cubic centimeters), 
three weeks after calcium lactate was stopped The significant data relating to 
this case are showm in table S 

COMMENT 

Our experience confirms the pievious reports of the effectiveness of 
dih} drotach} sterol in relieving the s}mptoins of parathyroid deficiency 


T^vble S — Rccoid of Patiait M R 



Total 

DilTusible 

Inorganic 

Scrum 



Calcium, 

Calcium, 

Phosphorus, 

Protein, 


Date 

Mg per Ce 

Mg per Cc 

Mg per Cc 

Gm Per Cc 

Comment 

1/18/3S 

61 

23 

07 

75 

Ko thcrapj, moderate symptoms of 

1/21/8S 





tetanj 

60 


07 


^o tlicrapj, moderate sjmptoms of 






tetanj 

1/24/3S 

G j 




10 cc dihjdrotachysterol dally 1/22 

1/27/3S 





to 1/24/SS 

76 


61 

71 

2 cc dihydrotacbj sterol daily 1/25 to 
2/8/38, gradual improvement m 
sjmptoms 

2 ce dihydrotachysterol daily 


1/30/SS 

78 

34 

64 

72 

2/ 2/38 

84 




2 cc dihjdrotachysterol daiij 

2/ 5/3S 

so 

37 

38 

7 4 

2 ce dlhydrotachj sterol dallj 

2/ 8/38 

87 




Diliydrotnchj sterol stopped 

2/ 9/3S 

90 

3 4 

5 4 

7 7 

Almost no symptoms, left hospital 






2/11/38 

11/ S/33 

10 6 


4 2 


No dihydrotachysterol since 2/11/33, 






no calcium since 10/4/3S, no e\i 
dence rf tetany 


and increasing the concentration of serum calcium The danger of pro- 
ducing toxic symptoms and hypercalcemia is indicated by our experience 
with patient L H It should be emphasized again that the seventy of 
S}mptoms in 4 of our patients precluded the possibility of longer 
periods of observation without therapy In 4 of our patients the 
response to dihydrotachysterol was relatively prompt, the concentration 
of total serum calcium returned to normal, with corresponding relief of 
S}’mptoms, in from four to nine da3’^s after the beginning of treatment 
The fifth patient (M R ) had received no previous treatment and 
piesented lelatively mild symptoms, she showed a slow, piogressive 
increase in concentration of serum calcium, with corresponding giadual 
clinical improvement, over a period of eighteen days during which she 
received doses of dihydrotachysterol identical wuth those given the other 
patients 
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Oui experience also confirms previous observations as to the lack 
of coi relation between the degree of hj^pocalcemia and the seventy of 
symptoms The case of patient H E illustrates this fact particularly , 
his symptoms, which were largely episodic, were often absent when 
the concentration of serum calcium was decreased (7 4 mg per hundred 
cubic centimeteis) Patient J J , on the other hand, had a generalized 
convulsion the day after the concentration of serum calcium r\as detei- 
mined to be 8 2 mg per hundred cubic centimeters 

In table 6 are given the results of the fractionations of the serum 
calcium The total calcium in the serum was calculated m terms of 
milhmols pei kilogram of water by means of the conveision factors 


Table 6 — Swnmaty of Studies of Semin Calcium 


Subject 

Date 

Specific 

Gravity, 

20 0 /20 G 

Total 

Calcium, 

znM/Kg 

HcO 

Diffusible Ca++(Cnl- 
Calcium, culated), 
mM/Eg mJl/Kg 
HaO HaO 

Nondif 

fusible 

Calcium, 

mM/Kg 

HaO 

Diffusible 
Calcium 
Diffusible Total 
Calcium- Calcium 
Oa++ Ratio Ratio 

J J 

£)/10 

10287 

2 22 

108 

100 

1 14 

1 OS 

0 49 


9/20 

10276 

1 49 

0 65 

0 61 

0 84 

107 

0 44 


9/26 

1 0294 

2 47 

0 93 

1 00 

1 54 

0 93 

0 38 


9/29 

1 0277 

2 51 

111 

110 

1 40 

100 

0 44 

L H 

11/14 

11/20 

10279 

1 0232 

225 

1 51 

0 68 

0 97 

0 65 

0 83 

1 05 

0 45 


11/26 

10228 

1 40 

063 

0 70 

0 77 

090 

0 45 


12/2 

10245 

2 23 

0 95 

109 

1 28 

0 97 

0 43 


12/6 

1 0241 

2 44 

108 

1 20 

1 30 

0 90 

0 44 

H E 

12/13 

10276 

2 09 

080 

090 

119 

0 89 

0 33 


12/20 

1 0291 

1 82 

0 75 

0 74 

107 

101 

0 41 


12/25 

1 0282 

2 75 

100 

120 

175 

0 87 

0 36 

M R 

1/18 

1 0288 

1 63 

058 

0 66 

105 

0 88 

0C6 


1/2? 

1/30 

1 0286 
10281 

2 04 

209 

0 85 

0 89 

0 90 

124 

0 94 

0 41 


2/5 

10285 

2 30 

093 

0 97 

1 37 

0 96 

0 40 


2/9 

10293 

2 42 

0 85 

100 

157 

0 85 

0 35 

M H 

2/13 

10269 

200 

0 80 

0 88 

1 20 

0 91 

0 40 


2/19 

1 0200 

1 52 

0 65 

0 67 

0 87 

0 97 

0 43 


2/25 

10272 

2 54 

105 

113 

1 49 

0 93 

0 41 


obtained from measurements of specific gravity The diffusible calcium 
in the ultrafiltrate was calculated in terms of milhmols per kilogram 
of water, the average room temperature being assumed to be 22 5 C 
and the piesence of other solids being disregarded Calculations then 
were made for the concentration of calcium ions from the concentration 
of seium protein and total calcium according to the relation derived 
by McLean and Hastings It will be seen in the table that within 
the limits of error of the method the ratio of the diffusible calcium 
to the calculated calcium ions is 0 95 dz 0 02 (standard error) It is of 

15 Sunderman, F W Studies on Serum Electrolytes X The Water of 
Serum, J Biol Chem 113 111, 1936 

16 McLean, F C , and Hastings, A B The State of Calcium m the Fluids 
of the Body Conditions Affecting the Ionization of Calcium, J Biol Chem 
108 285, 1935 
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especial interest to note that the latio of diffusible calcium to total 
calcium IS fairly constant for each person There is no evidence to 
suggest that either the diffusible oi the nondiffusible portion of the 
seium calcium is selectivel}'' affected by dihydi otachysterol This 
obseivation is at variance with the conclusions of Holtz, Gissel and 
Rossmann,^ who stated that under the action of dihydi otachysterol the 
“colloidal” (nondiffusible) fraction was the first to mciease and that 
later an increase occurred in the calcium of the ultrafiltrate These 
authors failed to calculate the concentration of serum calcium on a 
water basis and obtained their figuie foi “colloidal” calcium by sub- 
tracting the value for the diffusible fraction from that for the total 
calcium They furnished no data concerning serum protein, total solids 


Table 7 — Snmmaiy of Studies of Calcium Balance 


Subject 

Number of 
Three Day 
Periods 

'ihcrapj 

A\ crnee 
Intake for 
re lod, Gin 

A\ crafio 
Urinary 
Calcium for 
Period Gm 

Average 
iecal Col 
clum for 
Period, Gm 

Average 
Calcium 
Balance for 
Period, Gm 

J J 

2 

Vlosterol, calcium 

1C 30 

0C5 

15 70 

+0 15 


2 

None 

0 90 

OSS 

1 13 

—0 91 


3 

Dihjdrotachjstciol 

0 90 

0 11 

0 71 

-0 25 

L H 

2 

Viostorol, calcium 
Vlosterol (only) 

17 21 

0 97 

13 23 

+1 01 


2 

2 14 

0 19 

2 11 

-0 11 


2 

Non. 

2 70 

on 

2 05 

—0 00 


4 

Dihjdrotachy sterol 

2 70 

o:i 

2 77 

— 0 51 

M H 

2 

Vlosterol, calcium 

799 

012 

7 70 

-019 


2 

None 

323 

0 22 

2 05 

+0 91 


2 

Dihj drotachj sterol 

3 33 

1 20 

1 G9 

+0 ,1 

H E 

2 

Vlosterol, calcium 

9 20 

0 20 

8 02 

+1.01 


2 

None 

3 41 

0 12 

33S 

—0 09 


2 

Dihj drotachysterol 

3 35 

0 75 

2 15 

+0 45 

M R 

2 

None 

2 05 

0C5 

0 79 

+1 21 


6 

Dihydrotachysterol 

2 71 

0 03 

051 

+1 51 


or specific gravity from which values for nondiffusible calcium may be 
recalculated on a watei basis We aie unable to confirm their lesults 
Within the limits of erior of our method, it appears that there is no 
evidence of the presence of diffusible nonionized calcium in the serum in 
significant amounts 

In general, an inverse relation was observed between the concen- 
tration of total calcium and that of inorganic phosphorus in the serum 
When the concentration of serum calcium returned to normal levels after 
the administration of effective amounts of dihydrotachvsterol, the concen- 
tiation of inorganic phosphoius also tended to return to the normal range 

In table 7 are summarized the data relating to calcium balance in our 
patients It will be seen that the average fecal calcium was less during 
the periods of dihydrotachysterol therapy than in the control periods 
without any therapy in 4 of the 5 patients It will also be seen that 
urinary excretion of calcium was greater during the periods of dihydro- 
tachysterol therapy than in the control periods without theiapy in 4 of 





ROSE-SUNDERMAN— PARATHYROID DEFICIENCY 


227 


the 5 patients These data, so far as they permit conclusions, tend 
to support previous observations that dih}'drotachy sterol leads to 
increased urinary excretion of calcium at the expense of fecal calcium 

SUMMARY 

Obsen^ations are lepoited on 5 patients with parathyroid deficiency 
following thyroidectomy who were tieated with dihydrotachysterol 
These observations included determinations of calcium balance, total 
and diffusible serum calcium, serum protein and inorganic serum phos- 
phorus before and during the administration of dihydrotachystei ol 

Dihydiotachysterol is highly effective m increasing the concentration 
of serum calcium and in relieving the symptoms of parathyroid 
deficiency 

In excessive doses it is capable of producing h} percalcemia with 
toxic s}mptoms 

The diffusible and the nondiffusible fraction of the seium calcium 
share about equally in the rise in concentration of total seium calcium 
which follows the administration of dihydrotachystei ol 

Insofar as the data permit conclusions, the trend of changes m the 
urinary and the fecal calcium in our cases supports previous opinion 
that dihydrotachysterol increases urinary excretion of calcium at the 
expense of fecal calcium 

Part of the dihydrotachysterol used was donated by the Wmthrop Chemical 
Co, Inc, New York 



EVALUATION OF SULFANILAMIDE IN THF IREAT- 
MENT OF PATIENTS WITH SUBACUTE 
BACTERIAL ENDOCARDITIS 


WESLEY W SPINK, MD 

AND 

F HUGHES CRAGO, MD 

MINNFAPOLIS 

Sulfanilamide (paiaammobenzenesulfonamide) is eftective in the 
treatment of infections due to beta liemol3'^tic streptococci Clinical and 
expel imental observations indicate that this chemotheiapeutic agent may 
be of value in the treatment of infections caused by the less virulent 
classes of stieptococci The hemolytic streptococci designated as the 
alpha group include Streptococcus viridans Bliss, Long and Femstone ^ 
observed that the growth of foity-two of foity-five stiains of alpha 
hemolytic stieptococci was inhibited by a 1 10,000 concentration of 
the diug- Long and Bliss ^ found that sulfanilamide exerted a definite 
bacteriostatic effect m urine cultures of alpha streptococci It ^\ould 
be desirable to ascertain the effect of sulfanilamide on the lesions 
of animals infected with the less virulent groups of streptococci, but 
such infections are not easily produced Muether and Kinsella * stated 
that they established bacterial endocarditis with persistent bacteremia in 
dogs, using a cultuie of nonhemolytic streptococci Aftei daily oial 
administiations of sulfanilamide, 4 of 5 dogs made a complete recovery 

Read in part at a meeting of the Minnesota Society of Internal Medicine, 
June 4, 1938 

From the Department of Medicine, University Hospitals, University of 
Minnesota Aledical School 

1 Bliss, F A , Long, P H , and Femstone, W H The Differentiation 
of Streptococci and Its Relation to Sulfanilamide Therapj', South AI J 31 
303 (March) 1938 

2 Dr Perrin Long informed us that these 45 strains of alpha streptococci 
were isolated from 45 patients with subacute bacterial endocarditis The 3 strains 
for which sulfanilamide was not bacteriostatic were Str viridans, but belonged 
to the enterococcus group, as do about 10 to 15 per cent of the viridans strains 
which are recovered from the blood of patients with subacute bacterial endocarditis 

3 Long, P H , and Bliss, E A Observations upon the Mode of Action and 
the Clinical Use of Sulfanilamide in Urinary Tract Infections, South M J 31 
308 (March) 1938 

4 Muether, R O , and Kinsella, R A Sulfanilamide in the Treatment of 
Experimental Endocarditis, JAMA 110 603 (Feb 19) 1938 
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from the infection In a discussion of these results, Muether expressed 
the opinion that sulfanilamide is of no value in the tieatment of sub- 
acute bacteiial endocaiditis m man 

Theie are few available data in the liteiature concerning the results 
of sulfanilamide therapy in patients with infections due to Str viridans 
At the Johns Hopkins Hospital ^ 2 patients with infections of the soft 
tissues lesponded quickly to sulfanilamide, and 2 patients with infections 
of the urinary tiact made piompt lecoveiies Love ^ has reported a 
case of meningitis due to a gi am-negative nonhemolytic streptococcus 
which lesponded favorabl} to sulfanilamide and prontosil ® 

The etiologic agent m subacute bacteiial endocarditis is usually 
Sti vindans Theie is consideiable uncertainty as to whether sulfanil- 
amide is of any value m this disease Bliss, Long and Femstone ^ treated 
3 patients vith massive doses of the diug, with the result that cultuies of 
the blood lemamed sterile, but the couise of the disease was not alteied 
Klee and Komer ‘ administered piontosil ® to 5 patients with subacute 
bacterial endocarditis, with no beneficial results On the other hand, 
Hussey ° reported in detail a case of bacterial endocarditis in which the 
patient was apparently cuied by sulfanilamide The causative organism 
in his case was a beta hemolytic sti eptococcus More recently. Major and 
Leger have recorded in detail a case of subacute bacterial endocarditis 
with Str vindans as the etiologic agent They stated that recovery 
followed the use of prontosil,® but that the patient died of heart failure 
twenty-nine days after the temperature had become normal and twelve 
days after prontosil ° had been discontinued A microscopic section 
of the aortic valve, obtained at autopsy, showed clumps of gram-positive 
diplococci deep beneath the healed surface Cultures of material from 
excised portions of the mitral and aortic valves were sterile 

5 Love, J W Nonhemolytic Streptococcus Meningitis Report of a Case 
Successfully Treated with Sulfanilamide and Prontosil, J Lab & Clin Med 
23 482 (Feb ) 1938 

6 The preparation used was disodium 4-sulfamidophenyl-2'-azo-7'-acetylamino- 
l'-hydroxynaphthalene-3',6'-disulfonate This is now known as neoprontosil 

7 Klee, P , and Romer, H Prontosil bei Streptokokkenerkrankungen, 
Deutsche med Wchnschr 61 235 (Feb 15) 1935 

8 The formula is not given in the report The preparation used was probably 
the original prontosil (4-sulfamido-2',4'-diaminoazobenzene hydrochloride), a com- 
pound that has been little used in this country 

9 Hussey, H H Probable Bacterial Endocarditis Apparently Cured with 
Sulfanilamide Report of a Case, M Ann District of Columbia 6 275 (Sept ) 

1937 

10 Major, R H , and Leger, L H Recovery from Subacute Infectious 
Endocarditis Following Prontosil Therapy, JAMA 111 1919 (Nov 19) 

1938 
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Our interest in treating several patients with subacute bacterial endo- 
carditis with sulfanilamide was the result of a sequence of events 
observed in 2 patients (cases 1 and 2) which followed administration 
of the drug, and of the paucity of detailed clinical studies available in 
the literature In initiating this study, we were fully aware of the nature 
of the endocardial lesion in this disease Before the introduction of 
sulfanilamide, Swift “ stated the pioblem of therapy foi subacute 
bacterial endocarditis as follows 

When one recognizes that the vegetations are thick masses of material m which 
the bacteria are actively gi owing, and that many of the bacterial agglomerations 
are situated at a considerable distance from any circulating blood, ’t is difficult to 
understand how anj therapeutic agent introduced into the blood stream can have 
a completely effectne bactericidal action throughout the entire extent of the 
vegetation 

We also recognized that there is an accumulating body of evidence 
that patients with subacute bacterial endocarditis may occasional!} 
recover from the disease In the event of such an outcome in a well 
established case there might be a considerable temptation to asciibe 
the result to the use of certain therapeutic agents 

METHOD OF STUD\ 

During the past year 12 patients with subacute bacterial endocaiditis 
have been treated with sulfanilamide While a correct diagnosis of this 
disease is attended with difficulty, we relied principally on (1) the 
history, (2) the piesence of an organic cardiac murmur, which changed 
in intensity from time to time, (3) the manifestations of embolic phe- 
nomena, and (4) the demonstration of persistent bacteremia Though 
instances of subacute bacterial endocarditis without bacteremia do occui,^® 
we recovered organisms repeatedly from the blood of all 12 patients 
The patients included 10 females and 2 males Their ages varied between 
18 and 70 years Six patients, all females, had a congenital cardiac 
lesion Three had a patent ductus arteriosus, 2 had a patent interven- 
tricular septum, and 1 had coarctation of the aorta with a bicuspid 
aortic valve There weie 4 patients with rheumatic heart disease Thiee 
had mitral stenosis, and a fourth had an aortic lesion in addition to 

11 Swift, H F Subacute Bacterial Endocarditis, in Nelson Loose-Leaf 
Living Medicine, New York, Thomas Nelson & Sons, 1937, vol 4, p 323 

12 Libman, E A Further Report of Recovery and Recurrence in Subacute 
Bacterial Endocarditis, Tr A Am Physicians 48 44, 1933 Weiss, S , and Rhoads 
C P Healing and Healed Vegetative (Subacute Bacterial) Endocarditis, New 
England J Med 199 70 (July 12) 1928 Hamman, L Healed Bacterial Endo- 
carditis, Ann Int Med 11 175 (July) 1937 

13 Keefer, C S Subacute Bacterial Endocarditis Active Cases Without 
Bacteremia, Ann Int Med 11 714 (Nov ) 1937 
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initial stenosis One elderly patient had aortic stenosis thought to be 
due to arteriosclerosis, but while he was under observation a persistent 
diastolic murmur became audible over the aortic area One patient had 
bacterial vegetations on an otherwise normal cardiac valve, the condition 
being demonstrated at autopsy The etiologic agent was Str viridans 
in 11 cases and Staphylococcus albus m 1 All eleven strains of Str 
viridans showed the typical green type of hemolysis when streaked out on 
blood agar plates and when studied by the pour plate technic Veal 
infusion agai with a of 7 4 to 7 6 was used throughout this study 
Sulfanilamide was given orally, whenever possible, in daily divided doses 
totaling between 45 and 100 grains (2 91 and 648 Gm ) As a pre- 
cautionary measure against the development of acidosis, 5 to 15 grains 
(0 32 to 0 97 Gm ) of sodium bicarbonate was given orally with each 
dose of sulfanilamide 

REPORT OF CASES 

Case 1 — E L , a 35 year old white woman, was admitted to the hospital on 
March 27, 1937 She was in good health until seven months before entry, when 
she noticed unusual fatigue, weakness, fever and chills Her appetite was poor, 
and she noted a progressive loss of weight The symptoms continued unabated 
until admission to the hospital There was no history of rheumatic fever or of 
chorea, and she had no knowledge of an organic cardiac lesion prior to her 
present illness 

Physical examination showed that the patient was emaciated and poorly 
developed and appeared chronically ill The skin of the face and arms exhibited a 
diffuse brownish pigmentation There were no petechiae on the mucous membranes 
of the eyes or mouth The lungs were normal The blood pressure was 88 mm 
of mercury systolic and 56 mm diastolic On percussion the heart was found to 
be enlarged to the left The apical impulse was prominent A diastolic thrill was 
palpable at the apex On auscultation over the apex an early systolic thrill following 
the first sound was detected The second sound was obscured by a high-pitched 
diastolic murmur The pulmonic second sound was accentuated The cardiac 
rhythm was regular The spleen was firm and slightly tender and was palpable 
3 cm below the costal margin The liver was not felt No peripheral edema 
was present 

Laboratory examination showed that the value for hemoglobin was 57 per 
cent (16 5 Gm per hundred cubic centimeters, equivalent to 100 per cent [Sahli ^^]), 
for erythrocytes 2,600,000 per cubic millimeter and for leukocytes 4,900 per cubic 
millimeter Examination of the urine revealed numerous leukocytes in the sediment 
Serologic tests of the blood for syphilis gave negative results A culture of 
the blood taken on each of four successive days yielded Staph albus, with 4 to 11 
colonies per cubic centimeter of blood 

The patient was given 4 Gm of sulfanilamide a day by mouth Within a 
few days there was a marked decrease in her temperature (fig 1), and she felt 
considerably improved It is of interest, in the light of subsequent findings, that 
a teleroentgenogram taken at this time showed a heart shadow with both right 
and left ventricular enlargement The esophagus was slightly displaced posteriorly 
in the region of the left atrium 

14 This value was used throughout our studies 



232 


ARCHIVES OF INTERNAL MEDICINE 


On the seventeenth day after admission the patient’s condition became suddenly 
worse She was drowsy and responded only to painful stimuli The pupils were 
dilated, and definite rigidity of the neck was noted The reflexes were hypoactive 
but equal A lumbar puncture showed the pressure of the spinal fluid to be 24 
mm of mercury The fluid was cloudy and contained 350 cells per cubic mlh- 
meter, 75 per cent of which were polymorphonuclear neutrophils and 25 per 
cent lymphocytes The value for total protein was 151 6 mg per hundred cubic 
centimeters Smears and cultures of the fluid showed Staph albus on several 
occasions The blood culture at this time yielded the same organism For seven 
days the patient was given a total of 4 Gm of sulfanilamide a day This was 


Vccks 1 2 3 4 9 37 3S 39 40 41 42 43 43 



Chart 1 — Subacute bacterial endocarditis and meningitis due to Staph albus 
(case 1) After the administration of sulfanilamide the patient became afebrile 
and gained weight, and the blood cultures were sterile 

administered subcutaneously and intrathecallj' Her condition improved rapidlj^ By 
the twenty-sixth day of hospitalization her temperature was normal In the mean- 
time, cultures of the blood and spinal fluid were sterile The patient’s weight on 
admission to the hospital was 80 pounds (363 Kg ), and when she was discharged, 
on June 24, she weighed 91 pounds (41 3 Kg ) The cardiac findings remained 
essentially the same 

She returned home and was able to assume her household activities In 
August 1937 her weight was 120 pounds (54 4 Kg), representing a gam of 40 
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pounds (18 1 Kg ) She was instructed to take her temperature three times a 
day, and at no time did she have fever, until December 15, when she contracted an 
infection of the upper respiratory tract Because the fever persisted, she was 
advised to enter the hospital on Jan 4, 1938 There was an increase in cardiac 
dulness as compared with the finding m the previous examination A systolic 
and a diastolic thrill were present over the apex Harsh systolic and diastolic mur- 
murs were heard over the same area On auscultation the lungs were found to be 
clear The liver was just palpable, and the spleen was felt 2 cm below the costal 
border There was no peripheral edema The value for hemoglobin was 70 per 
cent The blood count showed 3,400,000 erythrocytes and 8,700 leukocytes per cubic 
millimeter The urine contained a trace of albumin, and there w^ere many leuko- 
cytes in the sediment Staph albus w'as persistently present in several blood cultures 
A teleroentgenogram and an esophogram show'ed a definite displacement of the 
esophagus to the right and posteriorly m the region of the left auricle 

During the first nine days after admission she w'as febrile in the afternoon 
On the tenth day sulfanilamide therapy was again instituted After this her 
temperature returned to normal and blood cultures w'^ere sterile After sulfanilamide 
had been given for one w'cek, marked anorexia developed The drug was then 
given subcutaneously as an 0 8 per cent solution m physiologic solution of sodium 
chloride, but the anorexia continued, with nausea and vomiting Sulfanilamide 
therapy w'as then discontinued The patient continued to have anorexia, though 
the nausea and vomiting abated On the twenty-sixth day of hospitalization signs 
of cardiac failure appeared for the first time There was edema of the face and 
extremities There was evidence of pulmonary congestion The liver w'as now 
palpable 6 cm below the costal margin and was tender After the use of diuretics 
the signs of congestive heart failure diminished The temperature became elevated, 
and Staph albus was isolated from the blood cultures Sulfanilamide was given 
subcutaneously, and again the temperature became normal and the blood cultures 
sterile The nausea and vomiting returned, howerer, and no further attempts were 
made to give sulfanilamide The signs of cardiac decompensation returned and 
became progressively more marked The patient died on March 25 

Autopsy was done by Dr Robert Hebbel The heart weighed 360 Gm The 
epicardium and myocardium appeared normal The valvular abnormalities were 
limited to the mitral valve There were multiple small, reddish, friable vegeta- 
tions on its auricular surface, most of which were at some distance from the free 
margin The vegetations were more numerous above the posterior than above the 
anterior leaflets There were a few scattered vegetations through the wall of 
the left auricle A few vegetations were observed on the ventricular surface of the 
anterior mitral leaflets, near the line of closure Staph albus was cultured from 
the vegetations The leaflets were not thickened There was slight atherosclerosis 
of the coronary vessels 

The spinal cord was exposed and appeared normal A stained section of 
the thoracic portion of the spinal cord, examined microscopically, showed no 
abnormality 

The pathologic diagnosis was subacute bacterial endocarditis , congestive heart 
failure, infarcts of the lungs and kidneys, thrombosis of the right pulmonary 
artery, bronchopneumonia, and subacute splenitis 

The clinical course of the second patient (case 2) merits a detailed 
description because when fiist seen she presented a definite clinical pic- 
ture of severe subacute bacterial endocarditis She has been free of 
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an}'^ evidence of infection for nine months after her discharge from the 
hospital 

Case 2 — B G , an 18 year old white girl, single, entered the hospital nn 
Sept 27, 1937 All her life she had had dyspnea on exertion She had never 
been cyanotic Seven months before admission she became increasingly weak and 
observed pallor of her features Five months later she had a sudden onset of 
pain in the right lower quadrant of the abdomen and the left side of the chest 
Her temperature was 103 F She had a cough productive of blood-tinged sputum 
These symptoms subsided in a week, but left her feeling tired and listless Prior 
to admission, she had been confined to bed for three weeks At this time she 
noted “blood blisters” over the skin of the lower extremities These ruptured 
and became crusted Two weeks before admission she had several tarry stools 
She felt drowsy and had severe headaches Edema of the ankles was observed 
She had lost 20 pounds (9 1 Kg ) in weight over a period of four months The 
menses had been regular until one year before her present illness, but since then 
had been scanty and irregular She had never had rheumatic fever, chorea or 
scarlet fever 

Physical examination revealed an apathetic, undernourished girl with a peculiar 
3 'ellowish pallor There was no icterus of the scleras Cyanosis was not present 
There were no petcchiae of the mucous membranes of the scleras and mouth 
The lungs were normal The heart did not appear enlarged on percussion The 
blood pressure was 112 mm of mercury systolic and 60 mm diastolic The heart 
sounds were distant and regular There was a systolic murmur over the 
pulmonic area which radiated to the left clavicle, and at times a faint diastolic 
murmur was heard in the same region A blowing systolic murmur was heard 
at the apex The liver was palpated 5 cm below the costal margin and was tender 
and soft The spleen was tender and soft and was felt 2 cm below the costal 
margin There was edema of the lower parts of the legs Numerous small 
reddish brown pigmented areas were present in the skin of the lower extremities, 
which were the sites of the previously mentioned “blood blisters ” 

Examination of the urine showed albuminuria on two occasions, and there were 
numerous erythrocytes in the sediment The value for hemoglobin on admis'^ion 
was 30 per cent, there were 1,600,000 erythrocytes per cubic millimeter The 
leukocytes numbered 6,200 per cubic millimeter Occasional reticuloendothelial 
cells were seen in stained blood films The value for the total plasma proteins 
was 6 7 Gm per hundred cubic centimeters The sedimentation rate was 97 mm 
in one hour (Westergren) Str viridans was obtained several times from cul- 
tures of the blood Colony counts showed 30 colonies per cubic centimeter on one 
occasion and 200 colonies on another The stools did not contain occult blood 

A teleroentgenogram taken shortly after entry was interpreted as showing 
questionable enlargement of the left ventricle and an area of either consolidation 
or infarction of the lower left pulmonary field However, later fluoroscopic exami- 
nation showed definite prominence of the cardiac shadow in the region of the 
pulmonary conus These observations, in addition to the physical examination, 
led us to believe that the patient had a patent ductus arteriosus with bacterial 
vegetations at that site 

She was given a transfusion of SOO cc of citrated blood Because of the 
severity of her illness and because sulfanilamide had appeared to have a tem- 
porary beneficial effect on the patient in case 1 she was given the drug by mouth 
(fig 2) Coincident with the administration of sulfanilamide there was a decline 
in the temperature, and the blood cultures remained sterile, with one exception 
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The patient exhibited no untoward reactions to the drug The hematuria, which 
was present for several days after admission, gradually subsided, with no reduc- 
tion in renal function Five weeks after entry, two additional transfusions were 
necessary because of a fall in the erythrocyte level Three months after entry 
the value for hemoglobin was 82 per cent and the erythrocyte count 5,300,000 per 
cubic millimeter The leukocyte count remained normal or slightly elevated 
throughout the course An intradermal test made with a nucleoprotem fraction 
of hemolytic streptococcus gave a negative reaction on admission, but five weeks 
later, when the test was repeated, the result was strongly positive There was 


Weeks 1234567 11 IS 



Chart 2 — Subacute bacterial endocarditis due to Str viridans The patient 
became afebrile and gained weight, and the blood cultures remained sterile 
The patient remained well nine months after sulfanilamide therapy 

gradual improvement in the patient’s general condition The liver and spleen 
were no longer palpable The systolic and diastolic murmurs over the pulmonic 
area became more prominent, but no change was demonstrable in the size of 
the heart The patient’s weight two weeks after entry was 104 pounds (47 2 Kg ), 
and when she was discharged from the hospital, on December 14, her weight was 
124 pounds (56 2 Kg) 

She was seen again nine months after leaving the hospital She weighed 130 
pounds (59 Kg ) Her only complaint was dyspnea on exertion She was work- 
ing daily in a truck garden On examination the systolic and diastolic murmurs 
were found to be slightly more pronounced ovei the pulmonic area The pulmonary 
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conus still showed enlargement when examined fluoroscopically The spleen was 
palpable 2 fingerbreadths below the costal margin She had not taken sulfanilamide 
during the intervening time 

The observations made in the preceding 2 cases lead one to assume 
an optimistic outlook concerning the value of sulfanilamide in the 
therapy of subacute bacterial endocarditis We were foitunate in being 
able to study 10 additional patients and to observe less favorable results 

The following case is that of a patient with a congenital cardiac lesion, 
probably a patent intei ventricular septal defect with supenmposed bac- 
terial vegetations Although she had a lelatively mild clinical course, 
prolonged administration of sulfanilamide failed to sterilize the blood 
stream and did not appear to benefit hei Dr Ruth Boynton, director of 
the Universit}’- of Minnesota Health Service, and hei associates gave us 
the opportunity of obseiving this patient 

Case 3 — L J, a 20 j ear old woman, single, entered the University of Minne- 
sota Health SerMCc on Feb 14, 1938, complaining of weakness and fatigue She 
had had dyspnea on exertion since early childhood When she first entered grade 
school she was told that she had a cardiac murmur On Jan 6, 1938, she first 
noted lack of appetite and felt very tired These symptoms were followed by 
headaches, generalized weakness and a slight fever Rest m bed did not alleviate 
her symptoms, and she was advised to enter the hospital 

Physical examination showed her to be well developed and w’ell nourished but 
apathetic and listless Results of further examination w’ere wuthin normal limits 
except for a harsh s}'Stohc murmur at the apex She presented a difficult 
problem m diagnosis Pelvic and neurologic examination gave normal results 
The spinal fluid showed no abnormality The value for hemoglobin w’as 74 per 
cent There w'ere 4,470,000 erjthrocjtes and 12,900 leukocjtes per cubic milli- 
meter of blood Culture of the blood on admission to the hospital showed no 
growth The dail}’" temperature ranged between 98 6 and 101 5 F Approximately 
three weeks after admission she complained of pain at the base of the right great 
toe, and at this time small hemorrhagic areas appeared in the o\erlying skin 
on the plantar surface Shortlj' thereafter the blood cultures contained Str 
viridans, with 1 to 14 colonies per cubic centimeter of blood A cutaneous test 
with the nucleoprotein of Streptococcus haemolyticus gave a negative result 

Since the illness appeared to be of short duration and the patient did not 
seem to be m serious condition, it wms felt that sulfanilamide should be adminis- 
tered She was given a total of 276 Gm of the diug by mouth over a period 
of sixty-seven days The daily dose varied betw'een 60 and 75 grains The cardiac 
murmur increased in intensity There was no improvement in the clinical con- 
dition There was continued evidence of bacteremia, although the cultures were 
occasionally sterile The drug appeared to make the patient more lethargic and 
listless In spite of anorexia she maintained her nutritional status She had 
only moderate hypochromic anemia No toxic manifestations w^ere noted except 
for increased lethargy It w'as apparent that sulfanilamide had been of no value 
to this patient, and she was sent home on May 17 

We had the opportunity in the follownng case of administering two 
different chemical compounds, to ascei tain then effects The patient was 
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first given sulfanilamide (paiaaminobenzenesulfonamide) and then 
4 (4'-aminobenzenesulf onamide ) benzenesulf ondimethylamide 

Case 4 — N N , a 25 j'ear old white, single woman, entei ed the hospital on 
Sept 10, 1937 She had been in good health up to four months previously, when 
she had a sore throat and seveie occipital headaches The soie throat persisted 
for tl ree \\ eeks and was accompanied bj^ fever and progressive weakness On 
three or four occasions she observed small red spots on her arms, which remained 
a few davs and then disappeared She had a cough productive of blood-streaked 
sputum and at one time had pain in the right lower part of the chest She had 
never been known to have a cardiac lesion before her present illness She had 
never had rheumatic fever or chorea 

On physical examination she appeared fairly well developed, but poorly 
nourished There was marked pallor of the features and mucous membranes 
The heart was found to be slightlj' enlarged on percussion A systolic thrill was 
felt at the apex and another thrill just to the left of the sternum, in the third 
interspace A loud, blowing systolic murmur was heard over the apex, which 
obscured the heart sounds and was transmitted to the axilla A loud, rough 
systolic murmur was present in the third interspace, just to the left of the sternal 
border The second pulmonic sound was accentuated The rhythm was regular, 
and the blood pressure was 96 mm of mercury systolic and 70 mm diastolic 
The lungs were within normal limits The spleen and liver were not palpable 
There was no edema of the lower parts of the legs 

The value for hemoglobin on entry was 57 per cent There were 3,200,000 
erythrocytes and 9,800 leukocytes per cubic millimeter of blood Streptococci of 
the viridans type were cultured from the blood, and a pour plate showed 10 
colonies per cubic centimeter of blood 

Fluoroscopic examination of the heart showed slight enlargement of the 
right and left ventricles, without any other demonstrable enlargement There 
was no displacement posteriorly of the esophagus as obser\ed after filling with 
barium sulfate 

A diagnosis of congenital heart disease with a patent interventricular septum 
was made Because of her poor condition the patient was given three transfusions 
of bood during the first week of observation This was followed by some improve- 
ment During the third week she was given 45 to 60 grains (2 91 to 3 88 Gm ) 
of sulfanilamide a day There was no appreciable change in her clinical condi- 
tion during administration of the drug, although the blood cultures were sterile 
She was then given 4(4'-aminobenzenesulfonamide) benzenesulfondimethylamide in 
smaller doses Although her temperature approached normal, streptococci were 
isolated from the blood She became extremely ill, with signs of congestive 
heart failure and jaundice The medication was discontinued She was given a 
transfusion of blood, but her condition became progressively worse, and she died 
on November 7 Autopsy was not performed 

The patient m the following case had maiked bacteremia and an 
unusual type of cardiovascular lesion After the oral administration of 
sulfanilamide the blood stream was sterilized and she became afebrile 
Nevertheless, her illness teiminated fatally The case is reported in more 
detail elsewhere 

15 Hallock, P , and Hebbel, R Coarctation of the Aorta, Nonchnical Tj’^pe, 
Associated with Congenitally Bicuspid Aortic Valve A Method for Its Recognition, 
Am Heart J 17 444 (April) 1939 
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Case 5 — E W , a 31 year old white woman, married, first entered the hospital 
on Aug 14, 1937, complaining of pain in the left flank and intermittent ch 11s and 
fever of about five months’ duration Physical examination showed that she 
was poorly developed and appeared chronically ill There was a systolic pulsation 
in the suprasternal notch, with a systolic thrill The heart did not appear enlarged 
on percussion A soft midsystohc murmur was heard at the apex Over the 
aortic area there was a low-pitched s^stohc murmur, follow'ed first by an accen- 
tuated aortic second sound and then by a high-p'tched, short diastolic murmur 
The blood pressure was 104 mm of mercury systolic and 70 mm diastolic Ten- 
derness was elicited in the left flank on deep palpation, but no mass was felt 
Fluoroscopic examination of the heart and great vessels by Dr Philip Hallock 
showed dilatation of the aorta in the region of the common carotid and subclavian 
arteries, with a constriction between this dilatation and the ascending aorta 

It was thought that the patient had coarctation of the aorta and a congeni al 
bicuspid aortic valve She w'as febrile wdiile under observation On September 2 
before further studies could be undertaken, she left the hospital, against advice 

She reentered the hospital on November 7 There had been no remarkable 
change in her condition until one w'eek before, wdien sbe suffered from a sudden 
and sharp pain over the precordium, w'hicli radiated to the left shoulder and dowm 
the left arm Such attacks, which w’ere transient, occurred several times She 
had had severe chills and a temperature of 104 F At the time of admission she 
had petechiae of both conjunctivas and of the skin over the abdomen and chest 
She complained of pain in the tips of her fingers A harsh diastolic murmur was 
now heard over the aortic area and w-as transmitted dowm the left border of the 
sternum The blood pressure was 130 mm of mercury systolic and 60 mm 
diastolic The pressure was essentially the same in all four extremities The 
margin of the liver w'as tender and w'as palpated 3 cm below the right costal 
margin The spleen w'as not felt 

The urine contained albumin, w’lth leukocytes and erjthrocjtes in the sedi- 
ment The value for hemoglobin was 58 per cent The erjthrocjte count W'as 
2,600,000 and the leukocyte count 6,000 per cubic millimeter A blood culture on 
entry show'ed Sti vindans, w'lth 100 colonies per cubic centimeter of blood 

The patient was given 90 grams (5 82 Gm ) of sulfanilamide a day for eleven 
days The free sulfanilamide m the blood varied between 7 and 8 6 mg per 
hundred cubic centimeters Under this regimen the temperature approached normal 
and the blood cultures were sterile, but the patient’s condition grew progressiveh 
w'orse She died on November 27 

An autopsy, done by Dr Robert Hebbel, disclosed a bicuspid aortic valve w-ith 
soft, friable vegetations on the margins and scattered vegetations on the ventric- 
ular margins below the right cusp Coarctation of the aorta was present There 
were multiple infarcts of the kidneys and spleen 

Four patients were studied who had rheumatic heart disease with 
superimposed bactenal endocaiditis The patient in the following case 
was given small doses of sulfanilamide in order that the effect on the 
bacteremia and on the clinical course might be observed 

Case 6 —A S , a 23 year old white wmman, married, entered the hospital on 
Nov 4, 1937 Eleven years previously she had had acute rheumatic fever with 
resultant mitral valvulitis Three years later she had congestive heart failure, 
followed by another attack of rheumatic fever Four months before her present 
admission she noticed anorexia, weakness and dizziness She became dyspneic 
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on exertion Two months before admission she had chills and a temperature of 
103 F Profuse nocturnal sweats were present for two months There was a 
recent loss of 25 pounds (113 Kg) in weight 

On examination she appeared fatigued and chronically ill and showed evidence 
of recent loss of weight There was marked pallor of the features and mucous 
membranes Petechiae w'cre present in the skin of the abdomen The veins of 
the neck were distended On percussion the heart was found to be enlarged, 
particularly m the region of the pulmonary conus A systolic thrill was felt over 
the precordial area, with a loud, harsh systolic murmur on auscultation No 
diastolic murmur was heard The blood pressure was 110 mm of mercury 
systolic and 70 mm diastolic The edge of the liver was felt 3 cm below the 
costal margin, and the spleen was tender and easily palpable 

Laboratory data included the finding of erythrocytes and leukocytes in the 
sediment of the urine The value for hemoglobin was 67 per cent, there were 
3,500,000 erythrocytes and 19,400 leukocj'tes per cubic millimeter of blood Cultures 
of the urine and blood yielded Str viridans There were 2 colonies per cubic 
centimeter of blood 

During her entire stay m the hospital the patient suffered from excruciating 
pain due to emboli Her temperature ranged between 98 6 and 104 F She per- 
spired profusely Sulfanilamide was given orally in doses of 40 grains (2 59 Gm ) 
daily for eleven days The free sulfanilamide content of the blood varied between 3 3 
and 4 mg per hundred cubic centimeters In addition, she was given two blood 
transfusions Her condition became progressively worse We wished to con- 
tinue the administration of sulfanilamide in larger doses, but on December 18 
she left the hospital against advice She died at home three months later Autopsy 
was not performed 

The patient in the following case had a severe form of iheumatic 
valvulitis involving the mitral and aortic valves Coincident with the 
administration of sulfanilamide he became afebrile and felt gieatly 
improved, but the blood cultures continued to show Str viiidans in laige 
numbers 

Case 7 — R S , a 36 year old white man, single, entered the hospital on 
Sept 14, 1937 The patient had had his first attack of rheumatic fever nine 
years before entry, and since that time he had had recurrent attacks He was 
known to have rheumatic involvement of both the aortic and the mitral valve 
Five months before his present admission he had polyarthritis with chills and 
fever, which persisted until entry He had progressive weakness, anorexia, 
nausea and vomiting 

On examination he appeared ill and poorly nourished He had pallor and a 
suggestive icterus of the scleras Petechiae were present m the conjunctivas 
On percussion the heart was found to be enlarged to the left, with marked prom- 
inence of the conus Systolic and diastolic murmurs were present over the apex 
There was a diastolic murmur over the aortic area, which was transmitted 
down the left border of the sternum The blood pressure was 124 mm of 
mercury systolic and 50 mm diastolic The liver and spleen were not palpated 

The urine showed persistent albuminuria, with red blood cells, leukocytes and 
granular casts m the sediment The value for hemoglobin uas 56 per cent, 
there were 3,300,000 erythrocytes and 9,200 leukocytes per cubic millimeter of 
blood A blood culture showed 65 colonies of Str i iridans per cubic centimeter 
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The patient’s temperature varied between 98 6 and 102 F before the administra- 
tion of sulfanilamide He was given 60 grams (3 88 Gm ) of sulfanilamide 
daily for twenty-three days Two blood transfusions were also given After 
receiving the drug he became afebrile for nine days prior to leaving the hospital 
He felt considerably improved However, the organisms in cultures of the blood 
remained, quantitative studies showing 200 per cubic centimeter of blood He was 
instructed to take the drug at home in doses of 60 grains (3 88 Gm ) After 
his discharge from the hospital, on October 14, his condition became worse, 
and he died at home three months later Autopsy was not performed 

The patient in the following case had rheumatic heait disease with 
involvement of the mitial valve Although the level of fiee sulfanil- 
amide in the blood was 13 mg per hundred cubic centimeters for seveial 
days, the bacteremia persisted, and the course terminated fatally 

Case 8 — L R , a 29 year old white woman, married, entered the hospital 
on July 13, 1938 She had scarlet fever at the age of 6 years, which was followed 
by “leakage of the heart ’’ She had led a normal life and had four pregnancies, 
without any complications Eight months before entry she had weakness, followed 
by many attacks of pleuntis Five months later she had a persistent cough, 
severe anemia, swelling of the ankles and red spots on her arms and legs Six 
weeks before entry she had hematuria, chills and fever 

On examination she appeared chronically ill The mucous membranes were 
pale Percussion showed that the heart was enlarged in the second and third left 
interspaces A loud systolic murmur was heard over the entire precordium and 
was transmitted to the axilla and the back There was no sj'stohc murmur The 
blood pressure was 168 mm of mercury systolic and 65 mm diastolic Rales were 
heard at the bases of both lungs The liver was palpable The spleen was not 
felt 

Specimens of urine showed persistent albuminuria, with erj throcytes, leuko- 
cytes and cellular and granular casts in the sediment The value for hemoglobin 
was 45 per cent, there were 3,800,000 erythrocytes and 15,000 leukocytes per 
cubic millimeter of blood Cultures of the blood showed Str viridans, with 360 
colonies per cubic centimeter of blood 

The patient was given 60 grains (3 88 Gm ) of sulfanilamide orally each day 
for thirty-four days She also reveived seventeen transfusions The level of free 
sulfanilamide in the blood remained at 13 mg per hundred cubic centimeters for 
several days She continued to Ime bacteremia Her temperatuie remained 
elevated Her condition became progressively worse, and she died on August 27 

Autopsy — The heart weighed 445 Gm The leaflets of the mitral vahe were 
destroyed by large fungating and ulcerating vegetations A few vegetations were 
present on the aortic valve There were infarcts of the spleen and left kidney 
The kidneys showed acute proliferative glomerulonephritis 

The fourth patient with rheumatic heart disease and subacute bac- 
terial endocarditis also received laige amounts of sulfanilamide The 
level of free sulfanilamide in the blood reached 18 3 mg pei hundred 
cubic centimeters, without any beneficial effect on the clinical course 

Case 9 — W B , a 66 year old white man, entered the hospital on July 21, 1938 
Three months before entry he had a gastrointestinal disturbance and vomited 
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several times After this he became weak and dyspneic and lost considerable 
weight He had no chills or fever There was no history of rheumatic fever, 
chorea or scarlet fever. His wife and one daughter had died of pulmonary 
tuberculosis 

The patient was emaciated and had rhythmic tremors of the arms and facial 
muscles There were no petechiae of the skm or mucous membranes On percussion 
the heart did not appear enlarged There was a systolic murmur at the apex, 
which was transmitted to the axilla The blood pressure was 112 mm of mercury 
systolic and 62 mm diastolic The lungs were essentially normal The spleen 
and liver were not palpable 

The urine persistently contained albumin, and leukocytes and erythrocytes 
were present m the sediment The value for hemoglobin was 54 per cent, the 
erythrocyte count was 2,910,000 per cubic millimeter, and the leukocyte count 
was normal throughout the period of observation 

The diagnosis was doubtful until a culture of the blood showed Str viridans, 
with ISO colonies per cubic centimeter Roentgenologic examination of the patient’s 
chest revealed enlargement of the left ventricle, with fulness in the region of the 
pulmonary conus 

The patient was given from 60 to 100 grains (3 88 to 6 48 Gm ) of sulfanilamide 
daily In addition, he received five transfusions The level of free sulfanilamide 
m the blood varied between 10 and 18 3 mg per hundred cubic centimeters 
The bacteremia persisted, and he continued to have a high fever He showed 
no improvement The cardiac murmur became louder, petechiae appeared m the 
mucous membrane of the eyes He died on August 26 

Autopsy — The heart weighed 375 Gm There were large ulcerating lesions 
on the leaflets of the mitral valve Smaller vegetations were seen on the leaflets 
of the aortic valve The right lung had infarcts, and active tuberculosis was 
present in the apex of the left lung 

The following case is of considerable interest in that the patient was 
an elderly man with endocarditis involving the aortic valve He had the 
^igns and symptoms of subacute bacterial endocarditis Sulfanilamide 
was administered, and severe anemia resulted Although his blood 
became free of bacteria, there was no apparent change in the clinical 
course 

Case 10 — J M, a 70 year old white man, entered the hospital on Feb 4, 1938 
He had been examined two years previously in the hospital because of gastro- 
intestinal symptoms At that time no significant cardiac lesion was noted Five 
months before his present admission he had dysuria, frequency, nocturia, anorexia 
and loss of weight Three months later he had pain in the lower part of the back, 
fever, diarrhea and transient paralysis of the right side of the body 

Examination revealed the patient to be emaciated and dehydrated, with marked 
pallor On percussion the heart appeared slightly enlarged to the left The 
rhythm was regular A systolic murmur was heard over the entire precordium 
A faint diastolic murmur was heard over the third left interspace, close to the 
sternum Marked peripheral arteriosclerosis was present The blood pressure 
was 130 mm of mercury systolic and 64 mm diastolic The edge of the liver 
was palpated 4 cm below the costal margin The spleen was not felt The 
prostate was slightly enlarged 
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The urine contained albumin, casts, red blood cells and leukocytes in the sedi- 
ment The value for hemoglobin was 65 per cent The erythrocyte count was 
3,100,000, and the leukocyte count, 12,700 per hundred cubic centimeters of blood 
Cultures of the blood showed Str viridans, with 200 colonies per cubic centimeter 

During the period of observation the patient’s temperature ranged between 
97 and 104 F He was given 75 grains (4 88 Gm ) of sulfanilamide per day 
for one week , during this time cultures of the blood were sterile, but the tempera- 
ture remained elevated and his general condition became worse The diastolic 
murmur became more pronounced The value for free sulfanilamide m the blood 
was 6 mg per hundred cubic centimeters At the end of one week of sulfanilamide 
therapy the value for hemoglobin was 36 per cent and the red blood cell count 
1,950,000 per cubic millimeter There was no icterus The drug was discontinued 
The patient’s condition appeared hopeless Arrangements for transfusions were 
undertaken, but his family took the patient home, against advice He died one 
\\ eek later Autopsy was not performed 

The last 2 patients included in this series had congenital heart disease 
with a patent ductus arteriosus It is of interest to compare the results 
of sulfanilamide therapy m these cases with the results in case 2, as the 
same type of lesion was present Sulfanilamide was administered 
to both patients over a long period without any appreciable beneficial 
effects 

Case 11 — L M, a 40 year old w’hite, single woman, entered the hospital 
on March 25, 1938 At 14 years of age she was told that she had “leakage of 
the heart” For years she had had djspnea on exertion Four months before 
entry she noticed progressive weakness One month later a phjsician observed 
that she had fever and stated that she had pulmonary tuberculosis Two months 
before entry she suffered from chills, fever and loss of weight Another physician 
advised care at a sanatorium for tuberculosis She entered a sanatorium, where 
she was observed for one month, but there was no evidence of pulmonary tuber- 
culosis She was then transferred to the Universitj Hospitals 

Examination showed the patient to be pooily developed and poorly nourished 
Petechiae were present in the mucous membranes of both eyes Crepitant rales 
were heard over the lower lobe of the left lung posteriorly The heart was 
found to be enlarged on percussion, particularly m the region of the pulmonarj 
conus A systolic thrill was felt over the region of the conus, and on ausculta- 
tion a “machinery-like murmur” was heard The pulmonic second sound was 
loud and snapping The blood pressure was 130 mm of mercury systolic and 
C8 mm diastolic The liver and spleen were not palpable There was no peripheral 
edema 

Fluoroscopic examination of the heart and great vessels showed enlargement 
of the pulmonary artery and the right ventricle A roentgenogram was interpreted 
as showing an infarct of the left lung 

The value for hemoglobin was 62 per cent There were 3,400,000 erythrocytes 
and 22,000 leukocjtes per cubic millimeter of blood The initial blood culture con- 
tained Str vindans, with over 100 colonies per cubic centimeter 

The patient was under observation in the hospital for eighty-three davs She 
was given a total of 4,140 grains (2682 Gm ) of sulfanilamide in fifty-eight 
days The average daily dose was about 70 grains (4 53 Gm ) The free sulf- 
anilamide in the blood averaged 6 6 mg per hundred cubic centimeters The 
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highest level was 10 4 mg per hundred cubic centimeters, observed while she was 
receiving 100 grams (6 48 Gm ) a day Shortly after sulfanilamide was given, the 
blood cultures were sterile When the drug was discontinued on two occasions 
for short periods, Str viridans was isolated from the blood The drug had no 
apparent effect on the temperature, as the patient was febrile throughout the 
period of observation She was listless and had marked anorexia, which was 
apparently due to sulfanilamide She lost 20 pounds (9 1 Kg ) in weight It was 
apparent that the drug had only a temporary effect on the bacteremia, since she 
desired to go home, she left the hospital, unimproved, on June IS 

In the following case a patient with patent ductus arteriosus and 
bacterial vegetations was pregnant The administration of sulfanilamide 
was deferred until a living child was born because of the possible toxic 
effects of the drug on the fetus 

Case 12 — F O , a 27 year old white woman, entered the hospital on May 21, 
1938 She was known to have had a cardiac lesion since childhood, having had 
symptoms of dyspnea on exertion, fatigability and palpitation About three months 
before entry she had an acute infection of the upper respiratoiy tract Since that 
time she had complained of weakness, malaise and headache She entered the 
hospital because of a threatened miscaruage She was in the fifth month of 
pregnancy There had been no previous pregnancies 

On examination she appeared chronically ill and poorly nourished The mucous 
membranes of the eyes and mouth were pale, and no petechiae were observed On 
percussion the heart was found to be enlarged m the region of the pulmonary 
conus A continuous thrill was felt over the left second interspace A typical 
“machinery-like murmur” was heard over this area with both a systolic and a 
diastolic phase The murmurs were transmitted to the left clavicle The pulmonic 
second sound was accentuated The lungs presented no abnormality The blood 
pressure was 140 mm of mercury systolic and 80 mm diastolic The fundus of 
the uterus reached the level of the umbilicus The liver and spleen were not felt 
Theie was no edema of the extremities 

Laboratory examination showed that the urine contained albumin, with eryth- 
rocytes and leukocytes in the sediment The value for hemoglobin was 66 per 
cent, the erythrocyte count was 2,810,000 and the leukocyte count 18,900 per 
cubic millimeter of blood Str viiidans was isolated from the blood on many 
occasions, with 1 to 181 colonies per cubic centimeter 

Roentgenologic examination of the heart showed definite enlargement of the 
pulmonary conus and of the right ventricle Prior to delivery the patient was 
given several transfusions She had frequent chills and was febrile She suffered 
from severe pulmonary infarcts Approximately two and one-half months after 
entry she had spontaneous labor, and a living child was born Shortly after 
delivery, a culture of the patient’s blood showed Str viridans, the cord blood 
of the infant was sterile After several transfusions the patient improved slightly, 
but she continued to have pulmonary infarcts About one week post partum she 
was g.ven sulfanilamide by mouth The doses varied beUveen 45 and 60 grains 
(2 91 and 3 88 Gm ) a day The free sulfanilamide in the blood averaged 3 mg 
pe hundred cubic centimeters She tolerated the drug poorlj, suffering from 
anorexia and vomiting She remained febrile The bacteremia persisted Under 
the circumstances, sulfanilamide therapy was discontinued, and she was sent 
home on September 1 
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COMMENT 

The primary purpose in the study of these cases was to evaluate 
the effect of sulfanilamide on the clinical course of subacute bacterial 
endocarditis Although the numbei of cases is small, it appears that 
the diug had a definite beneficial effect on 2 of the 12 patients In 
case 1 there was evidence of meningitis in addition to bacterial endo- 
carditis The clinical and anatomic evidence indicates that there was no 
residue of the acute attack of meningitis We are not aware of any 
reports in the literature of cases in which sulfanilamide has been of 
any value m the treatment of meningitis due to Staph albus Block 
and Pacella^® reported a case of staphylococcic meningitis in a child 
17 da} s old, m which a cure was apparentl} obtained with sulfanilamide 
No statement was made as to ^\hether the organism isolated was Staph 
albus or Staphylococcus aureus B}' permission of Dr Irvine 
McQuarne and his associates, of the department of pediatrics at the 
University Hospitals, we had the opportunity of observing a 3 year old 
child who had meningitis due to Staph albus Sulfanilamide was given 
to this patient for a long peiiod, but the disease terminated fatall} 
Another child, 17 months old, had meningitis due to Staph aureus He 
also had hydrocephalus Administration of sulfanilamide was fol- 
lowed b} reco\eiy from the meningitis 

After the diagnosis of bacterial endocarditis had been established 
in case 1, the patient was apparentl} “cured” and remained so for 
seven months Of considerable interest were the minimal changes 
observed m the endocardium at autopsy Bacterial endocarditis was 
apparently engrafted on a previousl} normal vahe The lack of exten- 
sive damage to the mitral valve o\er such a long period might be 
explained on the basis of invasion of tissues by an organism of low 
virulence or by the bacteriostatic effect of sulfanilamide It is interesting 
to speculate on the outcome of this patient’s illness if sulfanilamide had 
been prescribed for a long period aftei her first discharge from the 
hospital 

At the time of Avnting, the second patient in this series has been 
in good health for nine months after sulfanilamide therapy Whether 
there is only a remission in her disease or whether she is cured will 
be answered only by a prolonged period of observation It is impor- 
tant that before sulfanilamide was given a quantitative study of blood 
cultures showed 30 colonies of Sti viridans per cubic centimeter of 
blood on one occasion and 200 colonies on another In the remaining 
10 cases we do not believe that sulfanilamide therapy had any desirable 
effect on the course of the disease 

16 Block, H, and Pacella, B L Stapln lococcic Meningitis Report of a 
Case in a Seventeen Day Old Infant Successfully Treated with Sulfanilamide, 
JAMA 110 508 (Feb 12) 1938 
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There is little doubt that in some patients the administration of 
sulfanilamide will rendei the blood stream sterile, as determined by 
cultures of venous blood This was tiue of 6 of the 12 patients in this 
senes However, this bactericidal effect appealed to be only tempoiary, 
except in cases 1 and 2 We obseived 2 patients in whom the blood 
was rendered free of bacteria by sulfanilamide, but when administration 
of the diug was discontinued for forty-eight hours bacteremia was again 
established In 6 patients the prolonged admmistiation of sulfanilamide 
did not steiilize the blood It is likely that the organisms in the vegeta- 
tions aie protected from the action of sulfanilamide, even though the 
(li ug may have a bactei icidal effect on those that reach the blood stream 
It may be that certain stiains of Str viridans aie more readily destroyed 
by sulfanilamide than others We haA'e initiated a study of this 
pi oblem 

All of the 12 patients n ere febrile during their illnesses In 4 there 
was a definite decline of the temperature, coincident with the administra- 
tion of sulfanilamide The temperatuie became noimal or was only 
slightly elevated In 5 patients the drug did not appear to affect 
either the temperature or the bacteremia The patient in case 3 had 
only a low grade fever thioughout the period of observation, and there 
were only 1 to 14 colonies of organisms per cubic centimeter of blood 
Yet sulfanilamide therapy had no effect on either the fever or the 
bacteremia The patient m case 6 had a high fever and persistent 
bacteremia, neither of which was affected by sulfanilamide In 1 
patient (case 7 ) after sulfanilamide was given the temperature became 
and remained noimal but the bactei emia was unaffected In 2 patients 
(cases 10 and 11) sulfanilamide therapy was accompanied by steril- 
ization of the blood, but was without effect on the temperature We 
did not observe any instance of “drug fever,” as desciibed by Hageman 
and Blake 

Although all the patients had some degree of anemia dunng then 
illness, in only 1 could a rapid decline in the hemoglobin and erythrocyte 
levels be attiibuted to sulfanilamide In case 10 5 Gm of the drug 
was given daily for one week Duiing this time the value for hemo- 
globin dropped from 51 to 36 pei cent, and the erythiocyte count, from 
2,500,000 to 1,950,000 per cubic millimeter There was no further 
decline when the drug was discontinued In no instance did sulfanil- 
amide cause a depiession of the leukoc}te level In 2 patients (cases 
4 and 11) there was a definite and marked inciease of the leukoc 3 ^tes 
dunng the administration of sulfanilamide 

17 Hageman, P O , and Blake, F A Specific Febrile Reaction to Sulfanil- 
amide, JAMA 109 642 (Aug 28) 1937 
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The level of free sulfanilamide m the blood of these patients was 
determined at fiequent intervals We could find no definite relation 
between the amount present m the blood and its effect on the bacteremia 
The highest level was 18 3 mg per hundred cubic centimeters (case 9) 
In the patient who was appaiently cured (case 2) the sulfanilamide 
level varied between 5 3 and 8 5 mg per hundred cubic centimeters 
In 1 patient the blood cultures remained sterile when the sulfanilamide 
level of 3 1 mg per hundred cubic centimeteis was reached Tests 
in vitro showed that sulfanilamide had a marked bacteriostatic effect 
on the organisms m this case Another patient continued to have bac- 
teremia with a level of 10 6 mg of sulfanilamide per hundred cubic 
centimeters of blood 

Difficulty was experienced in evaluating the toxic effects of the diug 
because the disease itself complicated the symptoms A majority of 
the patients had anorexia during the administration of sulfanilamide 
This was so severe m some of the patients that the drug had to be 
discontinued The patients also appeared listless and lethargic in vary- 
ing degrees while taking the drug It is of considerable interest that 
none of the patients exhibited more than a slight degree of cyanosis 
The carbon dioxide-combming power of the patients’ blood was 
observed at frequent intervals, and no patient had acidosis One patient 
(case 1) had nausea and vomiting due to the drug after she had taken 
It for several weeks Anorexia and vomiting were prominent features 
in the illness in case 2, and sulfanilamide had to be discontinued because 
of these symptoms 

SUMMARY 

Sulfanilamide was administered to 12 patients with subacute bac- 
terial endocarditis The etiologic agent was Str vindans in 11 patients 
and Staph albus in 1 Of the 2 patients who appealed definitely 
improved after receiving the drug, 1 eventually died of the disease, and 
at the time of writing the other has been well for nine months 

All the patients had bacteremia Sulfanilamide rendered the blood 
stream sterile in 6 of the 12 patients This bactericidal effect appeared 
to be only tempoiary, except in 2 patients 

In 4 patients there was a decline in the temperature coincident with 
the administration of sulfanilamide Theie did not appear to be any 
relation between the degree of fever and the theiapeutic effect of 
sulfanilamide 

Although the diug was taken for a long period by several of the 
patients, there was a niaiked decline in the erythrocyte level in only 1 
case In none was a depression of the leukocytes obsei ved 

There was no definite relation between the amount of free sulf- 
anilamide in the blood and the effect of the drug on the bacteremia 
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The use of sulfanilamide in the treatment of patients with subacute 
bacterial endocarditis is of doubtful value because of the nature of the 
focus of infection 

CONCLUSION 

It appears from the foregoing observations that the administra- 
tion of sulfanilamide to patients with subacute bacterial endocarditis 
will in some instances render the circulating blood free of organisms 
Except for 2 of the patients, this bactericidal effect was only temporary 
and depended on the continued use of the drug In 2 patients definite 
improvement followed the use of sulfanilamide However, we believe 
that sulfanilamide and its related compounds will be of doubtful value 
m the treatment of patients with subacute bacteiial endocarditis because 
of the very nature of the focus of infection The proliferating mass of 
bacteria situated well beneath the surface of the vegetation is piobably 
protected, at least m pait, from the action of free sulfanilamide in the 
blood, as well as of specific antibodies When the oigamsms approach 
the surface of the vegetation, they are can led off in the circulating blood, 
and under these circumstances may be killed An analogous therapeutic 
situation IS now recognized in the treatment of patients with bacteremia 
due to beta hemolytic streptococci Lockwood stated that in a number 
of instances of infection of the blood stream an infected thrombus in a 
large vessel has prevented satisfactory elimination of the bacteremia 

Since the presence of sulfanilamide in the blood may have a bacterio- 
static effect on some stiains of Str vindans, sulfanilamide probably 
should be administered to any patient with valvular lesions who may 
be subjected to oral surgical piocedures It is well known that after the 
extraction of teeth or after a tonsillectomy tempoiary bacteremia with 
Str vindans may result 

18 Lockwood, J S Observations on the Mode of Action of Sulfanilamide 
and Its Application to Surgical Infections, Ann Surg 108 801 (Nov ) 1938 
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Since Heberden’s ^ famous description of the clinical syndrome of 
angina pectoris and the subsequent finding of associated calcification 
of the coronary arteries by Jenner^ and his pupil Parry,® the contro- 
versy about the etiologic role of narrowing of the coronary arteries in 
Heberden’s syndrome has never ceased to hold interest Until recently 
all objections have been based on the frequent disparity between the 
anatomic and the clinical features The difficulty in correlating morbid 
anatomy, on the one hand, with disturbed physiology, on the other, 
has been epitomized by Aschoff^ Similar discrepancies between the 
location and size of the myocardial infarction and the corresponding 
vascular lesion have been indicated 

The occurrence of major myocardial damage with a minimum or 
even absence of coronary disease is not rare S A Levine ® cited 1 1 
of his own cases studied at autopsy in which major myocardial lesions 
were accompanied by corresponding disease of the coronary arteries 
In a study of 100 cases of myocardial infarction Lisa and Ring ° found 
8 in which the lesions in the vessels were minimal or the vessels were 
normal Barnes and Ball,^ Brown,® Davenport® and others observed 

From the Medical Division and the Laboratory Division of Montefiore Hospital 

1 Heberden, W Some Account of a Disorder of the Breast, Med Tr Roy 
Coll Phys London 2 59, 1786 

2 Jenner, E , cited by Parry ^ 

3 Parry, C H An Inquiry into the Symptoms and Causes of the Syncope 
Angmosa, Commonly Called Angina Pectoris, London, Cadell & Davis, 1799 

4 Aschoff, L, and Tawara, S Die heutige Lehre von der pathologisch- 
anatomischen Grundlagen der Herzschwache, Jena, Gustav Fischer, 1906 

5 Levine, S A Coronary Thrombosis, Baltimore, Williams & Wilkins 
Company, 1929 

6 Lisa, J R , and Ring, A Myocardial Infarction or Gross Fibrosis An 
Analysis of One Hundred Necropsies, Arch Int Med 50 131 (July) 1932 

7 Barnes, A R , and Ball, R G The Incidence and Situation of Myocardial 
Infarction in One Thousand Consecutive Postmortem Examinations. Am J M Sc 
183.215, 1932 

(Footnotes continued on next page) 
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instances of myocardial mfaiction without complete coronary occlusion 
Krumbhaar and CrowelP® reported cases of artei losclerotic heart 
disease associated with lupture of the myocardium m areas where the 
coronary arteries were patent Seveial interesting cases aie recorded 
by Jaffe and Bross These were instances of sudden death due to 
ruptuie of the left ventricle in which the coronary vessels were normal, 
but micioscopically there were numerous areas of focal necrosis They 
concluded that the lesions were due to an acute circulatoiy disturbance 
V Levine studied cases of diffuse myocardial fibrosis with patency of 
the coronary artei les, but in these cases frank infarction was not present 

Our study adds 15 new instances of extensive myocardial infarction 
m which the intimal changes in the coronal y arteries were insignificant 
and the lumens not materially narrow'-ed It is our intention m this 
paper to consider the functional factors wdiich could produce circulatory 
disturbances seveie enough to cause necrosis of the cardiac muscle 
even though the lumens of the coionary artei les remained patent 

There were 8 men and 7 women, the ages ranging fiom 41 to 78 
Five of the patients had an anginal syndiome, 5 others had a history 
of dyspnea on exertion without anginal pain, 1 had rheumatic heart 
disease and 4 had no symptoms referable to the heart 

Hypertension was frequent Blood pressure readings of 150 
systolic and 90 diastolic weie accepted as the upper limits of normal 
A definite history of hypertension was obtained m 9 of the 15 cases In 
4 others, hypei tension w^as probable in view^ of the maiked cardiac 
hypertiophy not explained by other causes In 1 case the blood pressure 
was elevated, though the heait w’^eighed 340 Gm It is obvious from 
either the elevated blood piessure or the iiici eased heart weight that 
the majority of our cases, 13 of 15, were most likely instances of 
present or antecedent hypertension The very fact that this type of 
myocardial damage with a small or no vascular lesion occurs so fie- 
quently with hypei tension is itself of striking interest 

Caidiac hypertrophy w^as deemed to have existed when the heart 
weighed 350 Gm or more or when microscopic slides show'^ed gen- 
eiahzed fibious hypei trophy m a heait W'eighmg less While this figure 
IS m some measuie arbitiaiy, it is generally accepted as the upper 
limit of noimal In 12 cases the heait weighed 350 Gm or more 

8 Brown, MR A Study of the Pathogenesis of Myocardial Fibrosis 
(“Chronic Fibrous Myocarditis”), Am J M Sc 184 707, 1932 

9 Davenport, A B Spontaneous Heart Rupture — A Statistical Summary, 
Am J M Sc 176 62, 1928 

10 Krumbhaar, E B , and Crowell, C Spontaneous Rupture of the Heart, 
Am J M Sc 170 828, 1925 

11 Jaffe, R, and Bross, K Histologische Befunde bei Herzrupturen, Cen- 
tralbl f allg Path u path Anat 56 246, 1933 

12 Levine, V Myocardial Changes m Hypertension, Arch Path 18 331 
(Sept) 1934 



GROSS-STERNBERG— MYOCARDIAL INFARCTION 


251 


Congestive heart failuie was piesent in 7 cases and vaiied in duia- 
tion from thiee months to seven years The aveiage weight of the 
heart in cases of chronic congestive heait failure was 587 Gm The 



Fig 1 (case 13) — Anterior and posterior \jew of the heart, which weighed 810 Gm 

average weight m cases in which theie was no congestive heart failure 
wras 367 Gm Myocardial damage was common to both groups, only 
patients with failuie had great caidiac enlargement 
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CORONARY ARTERIES 

In our 15 cases the vessels, in general, showed only a slight degree 
of arteriosclerosis, with good-sized lumens in all The condition of the 
coronary arteries was comparable to that of a normal group of persons 
of similar ages The need for thorough anatomic dissections in such 
cases is apparent If the vessels are opened lengthwise, it is conceivable 
that a small thrombus may be dislodged and pushed aside If the vessels 
are transected, a small occlusion may be overlooked unless the sections 
are made at minute inteivals In oui senes the blood vessels weie 
sectioned transveisely and checked by microscopic sections of different 
portions of the heart In 4 of the hearts, we made extremely minute 




Figure 2 Figure 3 

Fig 2 (case 14) — ^Anterior new of the heart, which weighed 480 Gm 
Fig 3 (case IS) — Posterior view of the heart, which weighed 290 Gm 

dissections of the coronal }'• arteiies before and after fixation In 1 case 
serial sections of the entire majoi aiteiial tree weie cut In all our 
cases vascular involvement was slight In no instance was there 
appreciable nai rowing of the coionaiy arteries 

In some hearts occasional small intimal plaques were encountered 
Microscopically these showed the usual changes, with fibrosis and 
hpoid-laden mononucleai cells Occasional minute aieas of calcifica- 
tion were found The lumens, however, were nowhere significantly 
reduced, and theie was no evidence of recanahzation, intimal hemor- 
rhage or arteritis at any point The case in wdiich serial sections 
were made is paiticularly pertinent The vessels throughout their 
course were elastic and collapsed, and arteriosclerosis was minimal 
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MYOCARDIAL INVOLVEMENT 

Of the IS patients, 1 showed acute myocardial infaiction, while the 
14 others showed healed myocardial infarction The localization of 
myocardial lesions in this group followed, in general, the same areas of 
predilection observed in patients with coionary sclerosis and thrombosis 
The left ventricle was most frequently involved, namely, in 14, and 
the right ventricle was involved in 1 The area usually supplied by the 
anterior descending ramus of the left coronarj aitery was the most 
frequent site 

The sites of infarction and fibrosis were as follows 


No of No of 

Cases Cases 


Infarction of posterior wall 1 

Infarction of posterior wall , 
fibrosis of left ventricle 1 

Infarction at apex 3 

Infarction at apex, diffuse 
fibrosis 1 

Infarction at apex, diffuse 
fibrosis with aneurysmal dila- 
tation 1 

Posterior wall of right 
ventricle 1 

Interventricular septum 1 


Interventricular septum and 
papillary muscle 1 

Intel ventricular septum and apex 
of left ventricle 1 

Septum and anterior and pos- 
terior walls of right ventricle 1 
Septum, apex, anterior (old) 
and posterior (recent) walls 1 


Apex, left ventricle and septum 1 
Anterior and posterior walls and 
septum 1 


The coronary arteries were essentially normal 


VALVULAR INVOL\rEMENT 

One patient had arteriosclerotic aoitic insufficiency and stenosis 
Another had mitral stenosis and insufficiency and aortic insufficiency 
of rheumatic origin A patient not reported on m this study had 
iheumatic aortic insufficiency with myocardial infarction of the posterior 
wall of the left ventricle 

COMMENT 

The basic physiologic factor in angina pectoris and coronary disease 
as has been maintained by Rothschild and Kissm,^^ Keefer and Resnik 
and others, is a state of imbalance between the myocardial need of 
oxygen and the supply of oxygen This imbalance, depending on its 
severity and its duration, may lead to diffeient phenomena, varying 
from transitory anginal pain to extreme myocardial damage In its 
severest form it may lead to sudden death with or without myocardial 
infarction 


13 Rothschild, M A , and Kissin, M Anginal Syndrome Induced by Gradual 
General Anoxemia, Proc Soc Exper Biol & Med 29 577 , 1932 

14 Keefer, C S , and Resmk, W H Angina Pectoris A Syndrome Caused 
by Anoxemia of the Myocardium, Arch Int Med 41 769 (June) 1928 



Clinical and Pathologic Data in Fificdn Casci of Mvocai dial Infaiction IViihoiit 
Significanl Lesions in the Coionaty Aitciia 


Case Cardiac 


Sex 

Meicht, 

Blood 

Ace 

Gm 

Pressure 

1 

340 

185-190/83 

M 



70 



2 

380 

145/80 


V 


d 270 100/03 

r 

48 


i 330 150/80 

V 

41 


5 350 140 100/00 110 

M 

53 


0 750 170/120 

SI 
54 


7 520 154 100/90 

44 


8 500 145/80 

r 

77 


9 800 130/70 

SI Hypertension 

78 l^nop-n 2 i r 


bMnptoms and Sicns 

Diabetes mellitus 20 yr 
amputation of ripht lea 2 vr 
before admission jranErene 
of left foot 2 mo no 
unt,inal pain no conecstlvc 
heart failure sudden death 
probablv due to cardiac 
failure 

Headaches, 1 jr richt 
bcmiplcEin 1 mo hcpato 
me>,ai\ and splcnomoEalj 
no history of anainal pain 
or conRcstlyc failure polj 
e\thncmla ycra death from 
broncliopnenmonia 

Carcinoma of cer\l\ with 
metastasis to lumbar por 
tion of spine and brain 
taclneardla extrasr stoics 
no anclnnl pain or contes 
tl\o heart failure died m 
uremia 


Collapsed in ancinal sei/urc 
sliorth thereafter djspnea 
and edema of Ices adranecd 
conEost \ c failure 3 mo 
death duo to broncliopncu 
monia 


ItiElit hemiplcEia 8 tr 
pain in loft In pochondrium 
hem incss and discomfort 

3 ir dsspnea on exertion, 

4 ir poltcithacmia ycra 
hepatic and splenic cnlarEC 
ment not in conEcetitc heart 
failure cIcctrocardloEram 
showed prominent Qi and O 2 
Ti Im erted Te flat Ta low 
\oItace death from cerebral 
insult 

Headaches 20 jr djspnea 
on exertion and cardiac 
asthma 1 jr no auElnal 
pain advanced conccstivc 
heart failure 7 vr death 
from cerebral Insult 


Rheumatic fever at 14 and 
atain G mo before admis 
sion mitral stenosis and 
mitral InsuIIlciencv auricul ir 
flbrillntion left hcmipIcEla 
advanced conccstivc heart 
failure, 4 jt ancinal pain, 

2 mo eloctroeardiocram 
showed small Oi Inverted T: 
and To sudden death 


■Weakness dvspnca and 
edema of extremities 5 yr 
no history of ancina pec 
toris death from proercs 
sue conccstivc heart failure 


Left hcmiplcRia 2 yr be 
foro admission several 
ancinal attachs in 2 mo 
death from procresslvc con- 
cestivo failure 


Patholocic Data 

Superficial atheromas of coronary 
arteries with slicht calcification 
lumens of cood size throuchout 
healed Infarct of posteiior wall of 
left ventricle diiluse fibrosis of 
left ventricle arteriosclerotic 
cancreno of left lee thrombosis 
of iliac arteries 

Moderate coronary atheroselero 
sis lumens of cood si/e throuch 
out healed infarct of apex of left 
ventricle splenomccah throm 
bosis of adrenal and pituitary 
veins 


Occasional Intimal plaques in cor 
cnarv arteries 2 healed infarcts 
at middle of posterior wall of 
left vcntr'clc larccst measurinc 
1 3 by 1 5 bv 5 cm papillarj 
evstndenoma of ovary with me 
tastnsis arteriosclerosis of Xid 
nevE uremia 

Slicht coronary athcroscleros’s 
lumens of cood sbe throuchout 
Infarct of apex of left ventricle 
with mural thrombosis cardiac 
hypertrophy and dilatation 
thrombi in both auricles chronic 
passive concestion of viscera 
ascites healed infarcts of spleen 
and Ividnsv 

lew small atheromatous areas in 
coronary arteries with no cn 
cronchment on lumens healed 
infarct of apex of loft ventricle 
with aneurysmal dilatation and 
muial thrombus diiluse fibrosis 
of both ventricles chronic pas 
siv 0 concestion of viscera spleno 
mecalv healed and recent splenic 
infarcts massive infarction of 
adrenals duodenal ulcer arteno 
losclerosis of Xldnevs 

Small plaques scattered in coro 
narv arteries lumens widely pat- 
ent throuchout healed infarct of 
apex of left ventricle 1 5 cm in 
diameter small patches of fibro 
sis elsewhere hvdrothornx hydro 
pericardium healed nnel recent 
infarcts of spleen arteriolo 
sclciosls of kidneys 

A few small plaques in coronary 
irtcries lumens widely patent 
everywhere- healed infarcts at 
upper portion of posterior wall of 
left ventricle, 3 3 cm in diameter 
and at lower portion of Intraven 
tricular septum and anterior two 
thirds of left v cntrlclc old and 
recent rheumatic endocarditis of 
mitral and aortic v alvcs mural 
thrombi of auricular appondace 
healed Infarcts of spleen and 
kidneys cerebral embolism 

A few atherosclerotic plaques in 
coronary arteries lumens of cood 
size throuchout healed Infarct of 
apex of left ventricle 4 bv 3 cm 
atherosclerotic aortic Insufllciencv 
and stenosis bilateral hydro 
thorax ccneralized arteriosclerosis 

Moderate sclerosis at mouths of 
coronary arteries a few small 
plaques in widely patent vessels 
healed infarct of apex of left yen 
triclo involvinc interventricular 
septum emphysema ccneralized 
arteriosclerosis 
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Chmcal and Pathologic Data in Fifteen Cases of Myocaidial Infaictwn Without 
Significant Lesions in the Coiouaiy Aiteiics — Continued 


Sex 

Weight, 

Blood 

Age 

Gm 

Pressure 

10 

6C0 

150-220/110 130 

SI 



49 




Symptoms and Smns 

Dyspnea and cough, 7 yr 
congestive failure ^ vr 
auricular fibrillation no 
anginal pain electrocardio 
gram showed inverted Ti 
flat T- high RTa transition 
slurring of QRS PE inter 
val 0 24 sec sudden death 


Pathologic Data' 

A few atheromatous plaques in 
larger branches of coronary 
arteries lumens patent through 
out healed infarct of posterior 
M all of right ventricle, 1 5 cm 
from apex measuring 4 by 4 5 
cm ascites bilateral hydro- 
thorax generalized arteriosclero- 
sis and renal arteriolosclerosis 


11 470 132/90 

P 

59 


1? 350 115/70 

M 

62 


13 SIO 160/105 

A1 

75 


14 fi-O 136/110 

P 

67 


15 290 

Af 
62 


Dyspnea, 6 mo senile psy 
chosis no anginal pain or 
congestive failure electro- 
cardiogram showed inverted 
Ti high take off of Ti and 
Ta Slurring of all QES com 
plexes intraventricular con 
duction disturbance auricu 
lar fibrillation sudden death 

Pain and burning in left 
leg 6 yr severe pam in 
Tight side of chest and back 
6 mo no congestive failure 
electrocardiogram showed 
auricular fibrillation low 
take off of Ti and Ta which 
were in% erted death from 
gangrene of left leg 

Edema of ankles 5 vr no 
history of angina pectons 
congestive heart failure, 5 
vr exact cause of death not 
known had infection of arm 
recent occlusion of small 
coronary arten' and ulcers 
of duodenum 


Angina pectoris, 2 or 3 yr 
anorexia nausea vomiting 
and dyspnea on exertion 
7 mo no congestive failure 
Grawitz tumor of left kidncv 
with metastasis sudden 
death 


Weakness anorexia and 
cough for 1 vr severe 
anemia no history of 
angina pectoris or conges 
tivo failure 


Coronary arteries thinly atherom 
atous and patent throughout 
healed infarct of interventricular 
septum and apex of left and right 
ventricles, pulmonary infarcts, 
renal arteriosclerosis and arterio 
losclerosis diffuse artenosclcro- 
sis bilateral fibroid tuberculosis 
with cavitation 

Very slight atherosc erosis of cor 
onarv arteries which were patent 
throughout healed infarct of 
interventricular septum near apex, 
1 5 cm bilateral pulmonary 
tuberculosis with cavitation 
thrombosis of left common iliac 
artery gangrene of left leg 


Moderate sclerosis of first 3 cm 
of left anterior descending coro 
nary artery lumen of good size 
throughout small branch of left 
anterior descending artery given 
off 3 cm from origin extended 
diagonally along left ventricle 
and was occluded bv a recent 
thrombus nght coronary artery 
showed slight atherosclsros s with 
lumen of good size throughout 
recent infarction of apex anterior 
and postenor wall of left ventnclc 
and septum, 5 by 4 cm mural 
thrombus old infarct of anterior 
wall of left ventncle 5 bv 6 cm 
recent occlusion near old infarct 
recent infarct not related to recent 
occlusion which was very small 
infarct of spleen artenoloscle- 
rotlc aneurysm of splenic artery 
arteriolosclerosis of kidneys mul 
tiple subacute ulcers of duodenum 
cerebral arteriosclerosis (fig 1) 

Slight thickening of walls of first 
portion of maior branches of 
coronary arteries walls elastic 
and lumens widely patent through 
out areas of thinned out myo- 
cardium m anterior and posterior 
walls of left ventricle old large 
infarct of septum except for 
upper 5 cm extending to anterior 
and posterior walls of left ven- 
tnclo and portion of nght ventri 
clo near septum hypertrophy and 
dilatation of heart Grawitz 
tumor of left kidney fibromas of 
uterus left ovary and stomach 
(fig 2) 

Coronary arteries thin walled and 
elastic lumens widely patent left 
circumflex branch on posterior 
wall of narrow calber but thin 
and elastic w all no occlusion 
2 old infarcts on posterior surface 
of left ventricle including poste- 
nor papillary muscle hyper 
nephroma of nght kidnev with 
metastasis to left kidney, 
adrenals lungs brain and epi 
cardium (fig 31 
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The physiologic mechanisms whereby this delicate balance of oxygen 
need and supply is maintained are widespread and complex The heart 
IS a continuously functioning organ Further, it is unique m that its 
nourishment depends on the coronary flow which it must itself supply 
Its ciucial situation is expressed by the wide variety of physiologic 
phenomena, both cardiac and extracardiac, which, uith few exceptions, 
are directed toward mci easing its blood supply rather than to yielding 
blood for purposes elsewhere Its nourishment and proper function 
depend on reflex and humoral factors involving many organs, including 
the proper surrendering of blood by the depot oigans, the liver, spleen 
and skin 

Failure of any of these compensatory mechanisms may initiate 
myocardial anoxia Such failure may account not only for the cases 
of extreme infarction with minimal coronary disease, such as we have 
reported, but for the frequently observed discrepancy between the degree 
of vascular disease and the condition of the myocardium It is worth 
while therefore to review these physiologic mechanisms, failure of which 
may produce myocardial ischemia m the absence of obvious vascular 
occlusion 

Factois Ajfccting Myocaidtal Nnliition 

I Mechanical Factors 

1 Fall in aortic blood pressure, especially in peripheral shock 

2 Phasic variations in coronary flow 

Aortic insufficiency, arteriovenous fistula 

Aortic stenosis 

Hypertension 

3 Cardiac hypertrophy 

4 Tachycardia 

5 Failure of adequate collateral circulation , anomalies of coronary arteries 

II Changes in Blood 

1 Anemia 

2 Polycythemia 

III Reflex Factors 

(A) Coronary Vasomotor Reflexes 
Anoxemia due to 

(а) Failure of compensatory dilatation due to 

1 Inadequate reflex lesponse 

2 Sclerosis of vascular walls 

(б) Marked vasoconstriction 

These reflexes may be classified as 

1 Reflexes originating in heart and associated structures 

(а) Proprioceptive reflexes adapting coronary flow to increased 
work, etc 

(б) Carotid sinus reflexes 

2 Reflexes originating in different paits of body, especially 

(a) Those arising in abdominal viscera 

(&) Pulmocoronary reflex 
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3 Reflexes originating centrally 

(B) Extracardiac Reflexes Affecting Coronary Flow 

Failure of adequate emptying of depot organs (liver, spleen, skin, etc ) 

1 Digestive state 

2 Variations in temperature 

3 Relaxed abdominal musculature 

IV Humoral Factors 

1 Epinephrine 

2 Histamine 

3 Acetylcholine 

4 Vasopressin, etc 

MECHANICAL FACTORS 

1 Fall m Aoitic Blood P)essuie — In the deneivated heait-lung 
preparation of the dog an inciease in the mean blood pressuie from 
50 to 130 mm of mercury may increase the coionaiy flow from 20 to 
250 cc per minute Convei sely, a marked fall m the head pressure 

in the aorta will cause a gieat decrease in the coronary flow A reduc- 
tion of the coronal y flow resulting fiom a seveie fall in the aortic 
pressure may produce anginal pain and,. conceivably, myocardial infarc- 
tion from anoxia Saphii and his co-woikeis^° believe such falls of 
mtra-aortic blood pressuie to be a causative factor of myocaidial damage 
111 a heart in which the muscular damage is gi eater than the associated 
coronary disease 

Similarly, peiipheial shock associated with a fall in the aortic head 
pressure may seriously impair the coronary flow In surgical shock, 
paralytic ileus and other states of peripheral failure, anginal pain and 
coronary thrombosis are not uncommon occurrences In many cases, 
furthermore, the cardiac symptoms appear for the first time At 
necropsy the myocardial damage is often greater than the associated 
coronary arteriosclerosis While direct clinical evidence is difficult to 
obtain, experimental evidence supports the view that shock may be a 
causative factor in caidiac ischemia If a guinea pig is strapped upright 
to a board, collapse results owing to pooling of blood m the abdomen 
and lower extremities Electrocardiograms taken at this time show 
evidence of myocardial damage, and histologic examination reveals 
multiple necrotic areas in the myocardium, especially in the septum and 
papillaiy muscles of the left ventricle Similar changes have been 
observed in guinea pigs aftei doses of histamine sufficient to cause 
collapse 

15 Wright, S Applied Physiologic ed 5, New York, Oxford University 
Press, 1934 

16 Sapliir, O , Priest, W S , Hamburger, W W, and Katz, L N Coronary 
Thrombosis and the Resulting Myocardial Changes, Am Heart J 10 567, 1935 

17 Meessen, H Ueber Coronarinsuffizienz nach Histamincollaps und nach 
orthostatischem Collaps, Beitr z path Anat u z allg Path 99 329, 1937 
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2 Phasic Vaiiahcnis m the Coionaiy Flow — Aside from the mean 
aortic pressuie, phasic variations in the coronar)^ flow during both 
systole and diastole are of the utmost importance In the normal 
heart the coronary flow is greater during diastole, since this is the 
longer phase of the cardiac cycle Fuithermore, the resistance to flow 
in the coionaiy arteiies arises during systole, as the intramural coronary 
arteries are compressed by the contracting cardiac muscle However, 
even in the normal heart the systolic coronary flow is important, and 
m pathologic states in which the diastolic pressure is decreased, the 
systolic coionary flow may provide the major nutrition of the heart-® 
H D Green has shown experimentally that in conditions asso- 
ciated with low diastolic blood pressuie, such as aortic insufficiency and 
arteriovenous fistula, the coronaiy flow is greatly diminished owing to 
the low aortic diastolic pressure This decrease is partly compensated 
for by elevation of the systolic pressuie An increase in the systolic 
pressure lesults in two diveigent eftects The increased aortic pressure 
tends to mciease the coronary flow, whereas increased compression 
of the intramuscLilai arteiies tends to deciease the coronary flow How- 
ever, as the systolic pressuie is raised, the former outveighs the latter, 
and the coionaiy flow is increased The systolic coronary flow may 
oe increased to double that occuiring normally dm mg diastole In 
patients with compensated aortic insufficiency, an adequate coionary 
flow IS maintained by reflex peripheral vasoconstiiction which elevates 
the systolic pressuie Failuie or inadequacy of this compensatory 
mechanism may initiate seveie myocaidial anoxemia 

In aortic stenosis the coionaiy flow is i educed chiefly during systole 
Because of the high intraventricular piessme dm mg systole, there is 
maiked compiession of the mtramusculai coionary arteries, so that 
the coionaiy flow is impeded In contiadistmction to aortic insuffi- 
ciency, peripheial vasoconstiiction would not be a compensatoiy mecha- 
nism A reflex i eduction of the cardiac late -would, how^evei, augment 
the coronary flow by piolongmg the diastole 

Probably the incidence of anginal attacks in young iheumatic patients 
IS related to these phenomena If the impaiiment of nutiition is great 
enough, paiticulaily if there is superadded arrhythmia, the result of 
distuibances of reflex contiol, even a fatal outcome, is not uncommon 
m association with unobstiucted coronary arteiies 

18 Gregg, D E , Green, H D, and Wiggers, C J Phasic Variations in 
Peripheral Coronal v Resistance and Their Determinants, Am J Physiol 112 
362, 1935 

19 Anrep, G V , and Segall, H N The Regulation of the Coronary Circu- 
lation, Pleart 13 239, 1926 

20 Green, H D Coronary Blood Flow in Aortic Stenosis, in Aortic Insuf- 
ficiency and in Arterio-Venous Fistula, Am J Physiol 115 94, 1936 
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In hypertensive patients, the diastolic and to a lesser extent the 
systolic coronary flow are augmented by increased systolic and diagnostic 
pressures The benefit of an inci eased systolic and diastolic coronary 
flow is, however, evanescent, since the underlying cause persists and 
requiies the heait to do an increased amount of work 

3 Cardiac Hypeitiophy — Caidiac hypertrophy may result also in 
impairment of nutrition owing to the increased amount of tissue 
nourished by the given vascular bed In addition, the fiber is thicker 
than noimal Hill showed that the rate of diffusion of oxygen varies 
inversely as the square of the distance Gioss and Spaik^® observed 
an mveise ratio between the number of capillaries and the thickness of 
the fiber The part of the fiber nearest a capillary will receive ample 
blood, while the innermost part of the fiber will suffer from anoxia 
Harrison demonstrated that in various species of animals the heart 
rate is in inverse proportion to the size of the cardiac fiber but that in 
the hypertrophied heart the pulse rate is not proportionately slowed It 
has, furthermore, been shown that foi a given minute volume, the 
consumption of oxygen is greater per beat but less per minute at slow 
than at fast pulse rates In the thickened fiber, unless diastole is 
prolonged by a slow pulse late, anoxia of the cardiac muscle readily 
develops Since the oxygen need is greater, the nutiitional reserve 
in the hypertrophied heait is less than that m the normal heart It is 
understandable, theiefoie, that in the enlarged heart with an impaired 
nutritional leserve, ischemia from any cause may result in myocaidial 
failure, while m the small heart, only tiansitoiy anginal pain will occur 

4 Tachycai dia — In tachycaidia the coronary flow diminishes owing 
to slioitenmg of the diastole Giegg-^ showed that the systolic flow is 
also 1 educed by tachycardia owing to abbreviation of the systole as well 
as to increased intiamural lesistance In expeiimental hypeithyroidism 
and mechanically induced tachycaidia, Menne, Jones and Jones noted 
a parallelism between the inci eased heart rate and the myocaidial lesions 

21 Gregg, D E Phasic and Minute Coronary Flow During Acute Expeii- 
mental Hypertension, Am J Physiol 114 609, 1936 
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23 Gross, H , and Spark, C Coronary and Extracoronary Factors in Hyper- 
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24 Harrison, T R, Ashman, R, and Larson, R M Congestne Heart 
Failure Relation Between the Thickness of the Cardiac Muscle Fiber and the 
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25 Patterson, S W , and Starling, E H On the Mechanical Factors Which 
Determine the Output of the Ventricles, J Physiol 48 356, 1914 

26 Menne, F R , Jones, O N , and Jones, N W Qianges in the Myo- 
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In the hypertrophied heart with a limited oxygen and nutritional reserve, 
tachycardia will produce failure and more inaiked myocardial damage 
than in the normal-sized heart Conversely, the bradycardia seen in 
some hypertensive patients probably acts as a compensatory mechanism 
to inciease the coronary flow during diastole 

CHANGES IN THE BLOOD 

Anemia also causes a compensatory tachycardia and frequently 
cardiac dilatation The circulation time is simultaneously shoitened 
From severe anemia, howevei, myocaidial fibrosis has been known to 
develop Buchner and von Lucadou showed that if an animal is 
rendeied anemic by bleeding and then exercised, myocaidial fibrosis is 
more diffuse and electrocaidiogiaphic changes aie more marked than if 
the animal is only bled The occunence of tigering, fatty infiltration 
of the m}Ocardium and fibrosis in severe anemia is direct evidence of 
local want of 0x3 gen 

Potycythemia ma}'- produce anoxemia owing to oxygen unsaturation, 
an increased number of cells and increased viscosit}^ The tendency for 
thrombosis to develop in this disease is well known 

REFLEX FACTORS 

Despite consideiable experimental work, there is no unanimity of 
opinion concerning the mechanism 01 the importance of the reflex control 
of the coronar}'’ arteries This is m pait due to the technical difficulty 
of dissociating vasomotor effects from such factois as heart rate and 
blood pressure, which also influence the coionai}’' flow Other factors 
are the dependence of the reaction on the severity of the stimulus and 
the fact that different parts of the same coronar}’- vessel var}’^ as to 
reaction 

When the ox}’gen need of the m}'ocardium is increased, failure of 
compensatory reflex dilatation may lead to insufficiency of the ox}’gen 
supply Such failure may result fiom two situations 1 The com- 
pensatory reflex ma}’^ for some 1 eason fail to occui or ma}'^ be inadequate 
or pathologic changes, such as sclerosis, in the vascular wall ma}' prevent 
adequate dilatation 2 In addition to failuie of compensatory dilata- 
tion, vasoconstriction or its extreme form spasm may play a role in the 
pioduction of myocaidial ischemia Although most vasomotoi coronary 
reflexes produce dilatation, it is conceivable that in certain pathologic 
states, reflex spasm may occui 

27 Buchner, F , and von Lucadou, W Elektrokardiographische Verander- 
ungen und disseminierte Nekrosen des Herzmuskels bei expenmenteller Coro- 
nannsuffizienz, Beitr z path Anat u z allg Path 93 169, 1934 
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Ricker has assumed that the terminal vascular segments form 
more or less autonomous functional units which react typically to 
nervous impulses Weak stimulation produces vasodilatation, medium 
stimulation pioduces vasoconstriction and strong stimulation pioduces 
excessive vasodilatation and paralysis, while the pioximal poitions 
of the arteries remain constiicted or the entire vessel becomes 
dilated In the highest degree this mechanism leads to stasis, during 
which the circulation is actually at a standstill During this state 
necrosis of the involved portion of the organ may conceivably occur 
Lange demonstrated complete paralysis of arterial segments following 
stiong electrical stimuli and stasis in the vasa vasorum of the adventitia 
resulting in necrosis of the musculature of the media He demonstrated 
intimal proliferation in the poststatic period following exudation 

Coiomiy Vasomotor Reflexes — 1 Reflexes Originating in the 

Heait and Associated Structures Important vasomotoi leflexes adapt 
the coronary flow to the increased work of the heait Such propriocep- 
tive leflexes originating m the heait and great vessels produce coionary 
dilatation piobably by vagal inhibition and aie especially important in 
adapting the coronary flow to the increased physical work and to cold 
That vagal inhibition is the cause of such dilatation is proved by the 
fact that the effect is lost after vagotomy but not after stellate ganghon- 
ectomy The reaction makes possible an increase of the minute flow 
and is independent of changes in the diastolic blood pressuie Failure 
of this leflex mechanism could conceivably pioduce myocardial ischemia 
An increased cerebral blood supply, according to Aniep and Segall,^® 
results in a decreased coronary flow This reflex, according to Stella,®® 
IS governed by the carotid sinus Reduction of the caiotid sinus pressure 
augments the coronary flow 

2 Reflexes Originating in Different Parts of the Body A variety 
of vasomotor coronary reflexes originate in widely distributed regions 
of the body C W Greene ®^ has studied these reflexes and has men- 
tioned the universality with which stimulation in different parts of the 
body produces coronary dilatation Mild stimulation and stimulation 
within physiologic limits result in coronary dilatation, with vasocon- 

28 Ricker, G Pathologie als Naturwissenschaft — Relationspathologie — fur 
Pathologen, Physiologen, Medizmer und Biologen, Berlin, Julius Springer, 1924 

29 Lange, F Studien zur Pathologic der Arterien, insbesondere zur Lehre 
von der Arteriosklerose, Virchows Arch f path Anat 248 463, 1924 

30 Stella, G Some Observations on the Effect of Pressure in the Carotid 
Sinus upon the Arterial Pressure and upon the Coronary Circulation, J Phjsiol 
73 45, 1931 

31 Greene, C W Control of the Coronary Flow by Reflexes Arising in 
Widely Distributed Regions of the Body, Am J Physiol 113 399, 1935 
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stnction elsewhere Wiggers concluded that these somatic and visceral 
leflexes represent a provision for reducing the coronary resistance in 
conditions like pain and injury which would otherwise lower the blood 
pressure and decrease the coronary flow Greene has also noted that 
coronary vasomotor reflexes are often diphasic, so that the intial reflex 
dilatation may be followed later by constriction An exaggerated con- 
strictor response following dilatation may easily lead to cardiac ischemia 
It IS noteworthy that profound stimulation directly leads to marked 
coronary constriction which is independent of general sjstemic vascular 
reactions Such responses must be regarded as pathologic 

Of particular interest are coronar}’- vasoconstrictor reflexes originat- 
ing in abdominal viscera Disease of abdominal viscera, especially the 
gallbladder, is often accompanied clinically by an anginal syndrome 
Occasionally the anginal syndrome as well as electrocardiographic signs 
disappear after cholecystectomy Similarly, diaphragmatic hernia at the 
hiatus, as von Bergmann has shown, often produces a clinical picture 
of coronar}'’ disease The anginal symptoms probably represent true 
myocardial anoxia secondary to stimulation of an abdominal viscus 
Sudden death, which sometimes occurs, may be due to cardiac standstill 
resulting from extreme vagal stimulation, but it is also possible that 
such vagal stimulation may produce i eflex coronar} vasoconstriction and 
myocardial ischemia 

Seller f and Schonbiunner and others show that strong stimuli 
originating in the lungs, such as those in pulmonary embolism, may give 
use to the so-called pulmocoronary reflex, resulting in cardiac ischemia 
from reflex coronary vasoconstriction Hochrein and Keller ““ demon- 
strated that in pulmonary embolism there is a diminished outflow from 
the right coronary artery Electrocardiographic changes typical of 
those of myocardial injury result from experimental pulmonary emboli, 
not large enough, however, to cause a significant reduction in the pul- 
monary blood flow The effect seems to be mediated through the vagus 
nerve, for in rabbits, according to Radnai and Mosonyi,^® the phenom- 
enon IS abolished by bilateral vagotomy The view of McGinn and 

32 Wiggers, C J , in Le\w, R L Diseases of the Coronary Arteries and 
Cardiac Pam, New York, The Macmillan Company, 1937 

33 von Bergmann, G Das “epiphrenale Syndrom ” Seme Beziehung zur 
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34 Scherf, D , and Schonbrunner, E Ueber den pulmocoronaren Reflex bei 
Lungenembolien, Khn Wchnschr 16 340, 1937 

35 Hochrein, M , and Keller, J Untersuchiingen am Koranars 3 ’'Stem, Arch f 
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White that these changes are secondaiy to dilatation of the right side 
of the heart is not plausible, since this dilatation of itself does not pro- 
duce the same electiocaidiographic pattern The occuiience clinically 
and electiocaidiogiaphically of a coionaiy symptom complex in pul- 
monary embolism in human beings is best explained by the pulmo- 
coionary reflex 

3 Reflexes Originating Centially Another mode of coionaiy vaso- 
motor activity IS that occuiimg with central vasomotor stimulation 
There are probably a variety of effective stimuli, of which at least one, 
caibon dioxide acting centrally, produces coronal y vasoconstriction 

E^.hacardtac Reflexes Affecting the Coionwy Flow — Wo. have 
dealt so far with reflex vasomotor phenomena directly affecting the 
coronary arteries The coronal y flow is, howevei, passively alteied by 
leflex phenomena in other organs, notably the liver, spleen and 
skin, which normally under conditions of inci eased myocaidial oxygen 
need yield blood to the heart and othei organs and may piopeily be 
called depot organs The impoitance of the depot organs may be fully 
undei stood when it is appreciated that 1,500 cc of blood may be locked 
in the liver by the conti action of the hepatic veins Sympathetic stimu- 
lation, epinephrine and ephedrme dilate the hepatic veins and aid in the 
sunender of blood from the liver and other depot organs Histamine, 
on the other hand, constricts these veins The peiipheral failure fiom 
collapse due to doses of histamine is piobably in pait the lesult of con- 
striction of the hepatic veins, which furthei pools the blood m the 
splanchnic bed Closuie of the veins of the blood depot organs oi their 
failure to open may, accoiding to Lichtwitz,^® produce myocaidial anoxia 
and an anginal syndiome 

Conditions in which the depot oigans do not readily surrendei blood 
to inciease the venous return cause a relatn^e myocaidial insufficiency 
of oxygen, such a situation is the digestive state, and the fiequency of 
coionaiy attacks aftei a heavy meal, especially in association with 
physical effort, is probably i elated to this fact The frequent enlarge- 
ment of the livei and spleen in anginal attacks is indicative of the role 
of the depot organs Cutaneous vasodilatation undei conditions of heat 
may act similarly Anginal seizures on exposuie to cold or after a meal 
aie more understandable on the basis of a distuibed blood supply than 
on the basis of coionary spasm 

Finally, the condition of the abdominal musculature, b} altering the 
intra-abdominal piessuie, also plays a lole in maintaining the circulation 

37 McGinn, S , and White, P D Acute Coi Pulmonale Resulting from Pul- 
monary Embolism Its Qinical Recognition, T A !M A 104 1473 (April 27) 
1935 

38 Lichtwitz, L Pathologic der Funktionen und Regulationen, Leiden, A W 
Sijthoff’s Uitgeversmaatschappu N V, 1937 
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of the heart The emptying of the blood depots is facilitated by a strong 
abdominal musculature, which aids the venous return from the splanchnic 
area during descent of the diaphragm 

HUMORAL FACTORS 

The impoitance of humoral factois in the coionary circukition has 
been well demonstiated Of gieat importance is epinephrine, a powerful 
constrictor which affects through its peripheral action the sympathetic 
nervous system The effect of epinephrine on the coionary arteries is 
debatable, since some observers have repoited constriction and others 
dilatation It has been shown that epinephrine may precipitate anginal 
seizures and that it predisposes to left ventricular failure Whether the 
effect IS due to a direct action on the heart, an elevated blood pressure, 
tachycaidia oi a specific action on the coronary arteries cannot be stated 

Additional humoral agents aie histamine and the vasopressor sub- 
stance of the posterior lobe of the pituitarj gland The predominant 
action of histamine is a constrictor effect on the aiteiioles and a dilator 
effect on capillaiies Vasopiessin acts directly on smooth muscle, con- 
stricts the arterioles and probably constricts the coronary arteries In 
experimental hypertension, such as that produced by Goldblatt,"”* a 
vasopressor substance is consideied to be produced by the ischemic 
kidney The action of this humoral substance on the coronal y arteries 
is not known 

Another endogenous agent, acet3dchohne, produces marked arteriolar 
and capillary dilatation In the coronary arteries, however, the experi- 
mental evidence suggests that acetylcholine causes coronary constriction 
Hall, Ettinger and Banting produced expei imental coronary throm- 
bosis and myocardial damage in dogs by prolonged injection of dilute 
solutions of acetylcholine In older animals, changes in the arterial wall, 
thrombosis and myocaidial infarction were encountered, while in young 
dogs myocardial damage occuried without coronary thrombosis By 
stimulation of the vagus neive alone they produced diffuse myocardial 
degeneration, small infaicts and subendocardial hemorrhages, together 
with electrocardiographic changes Vagal stimulation in dogs to which 
physostigmme had been given resulted in more extensive cardiac lesions 
These experiments indicated the development of organic disease solely 
from humoral stimulation 

39 Smith, F M , in Levy, R L Diseases of the Coronary Arteries and 
Cardiac Pain, New York, The Macmillan Company, 1937 
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OTHER FACTORS 

The concept of temporary functional disturbance in angina pectoris 
IS supported by clinical as well as by experimental transitory anginal 
seizures Such transitory seizures are sometimes accompanied by tem- 
porary electrocardiographic changes Brow and Holman/^ Fed and 
Siegal and Wood and Wolferth/^ by experimental transient coronary 
constriction, demonstrated alteiations of the terminal deflections of the 
electrocaidiogram, which returned to normal when adequate oxygenation 
was restoied These obsei\ers, as well as Parkinson and Bedford 
and Hall,^° leported electrocardiographic changes in patients ivith 
transitory anginal seizures simulating those of the early stages of cardiac 
infarction They concluded that changes m the ST portion of the 
electrocardiogiams of patients with angina pectoris represent tiansient 
vascular changes m the heart The electrocardiographic changes in 
expel mental cardiac ischemia may appeal and disappear within two 
minutes, a period comparable to that of an anginal attack in a human 
being If in the experimental animal, however, the clamp on the 
coronary artery is left on long enough, cardiac infarction results which 
IS similar to that in man with acute coronary thiombosis 

Transient anginal pain and cardiac infarction affect the electro- 
caidiogram similarly Since paioxysmal pain cannot be explained solely 
in terms of morbid anatomy, which is frequently the same as before, 
during and aftei the anginal seizure, it seems reasonable to legard the 
anginal attack even in many patients with oiganic coionary involvement 
as due to a tiansient disturbance of function The mechanisms undei- 
lying both the electrocai diographic changes and the pain aie probably 
the same whether the anoxemia is shoit and produces reversible myo- 
cardial change or is prolonged and lesults in permanent myocardial 
damage 

In the brain, which is functionally similar to the heart in many ways, 
it has also been shown that functional factors may play a significant role 

42 Brow, G B , and Holman, D V Electrocardiographic Study During a 
Paroxysm of Angina Pectoris, Am Heart J 9 259, 1933 
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44 Wood, F C, and Wolferth, C C Angina Pectoris The Clinical and 
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45 Parkinson, J , and Bedford, D E Electrocardiographic Changes During 
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46 Hall, D Electrocardiograms of Two Patients During Attacks of Angina 
Pectoris, Lancet 1 1255, 1932 
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in producing oiganic disease Spielmeyer has shown that functional 
spasm of the cerebral vessels may cause an impairment of nutrition 
resulting in degeneration of the cential nervous system After epileptic 
seizuies he observed fresh changes m the brain which he thought due 
to temporary circulatory impairment His colleague Neuburger found 
recent destruction of caidiac muscle aftei epileptic seizures 

A variety of physiologic mechanisms, deiangements of which may 
lead to myocardial anoxia oi even infarction, have been discussed 
Many of these, more specifically those which do not directly involve 
localized vascular areas, have a generalized eftect on the heart Pro- 
found disturbances of these, it would be expected, would lead to 
generalized pathologic changes in the myocardium rather than to 
localized infarcts, such as existed m our cases This objection is 
minimized by ceitam considerations First, while the disturbance may 
be generalized, the most severe and irreveisible pathologic changes 
would occur m the areas of greatest functional stress The end result 
might therefoie appear as a localized lesion Secondly, experimental 
er'idence supports this concept In the experiments on oithostatic 
collapse produced by maintaining a guinea pig in the vertical position, 
the mjocardial anoxia is undoubtedly generalized Neveitheless, the 
lesions are preponderant in ceitam aieas Other experiments, like the 
injections of acetylcholine pieviously mentioned, also pioduce pre- 
ponderantly localized lesions 

Finally, it is conceivable that ceitam local factors in the myocaidium 
may pioduce specific effects on associated vessels and thus intensify the 
distuibance in a given area With myocardial anoxia there is a local 
mciease in carbon dioxide, lactic acid, phosphoric acid and other metabo- 
lites, with a loweiing of the pu These factora as well as oxygen lack 
per se tend to dilate the coionaiy aiteries Howevei, with the increase 
111 vasculai peimeabihty and the alteration of chemical equihbiium due 
to ischemia, edema results which affects the walls of the vessels them- 
selves as well as the mjocaidium 

As fai back as 1912, Klemensiewicz,^'' who studied the relation of 
edema to ischemia, stated that in the course of ischemia changes in 
peimeabihty may occur m the vasculai wall leading to localized edema 
of the wall which may go on to ineversible organic lesions Thrombosis, 
if it occurs aftei such changes m the wall, may be the result rather than 

47 Spielmeyer, W Influence of Functional Circulatory'' Disturbances on the 
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the cause of in 3 ^ocardial ischemia It seems reasonable to postulate 
that if the edema of the vascular wall is of sufficient severity to produce 
necrosis of the myocardium but not to pioduce irreversible changes in 
the vessel, subsequent examination may show destruction of the caidiac 
muscle without corresponding damage to the vascular wall 

It follows that there is no strict separation between the cases in 
which theie is a functional disturbance and those in which there is 
oiganic thrombosis A physiologic approach to the problem provides 
a more satisfactory interpretation of the wide diversity of clinical and 
anatomic featuies in cases ranging fiom those of puiely functional 
disorders to those of adranced organic coronary disease 

SUMMARY AND CONCLUSIONS 

Fifteen cases of myocardial infarction without demonstrable occlu- 
sion of the coionary arteries were studied Artenoscleiosis of the 
coronary arteries was minimal In 1 case all the major vessels were 
sectioned serially 

A variety of physiologic mechanisms which might account for myo- 
cardial damage m the absence of vascular occlusion is outlined These 
may be mechanical, reflex or humoial 1 Mechanical factors include 
temporary falls in mtra-aortic blood pressure, tachycaidia, phasic varia- 
tions of the coronary flow and caidiac hypertrophy Changes m either 
the numbei of formed elements or the viscosity of the blood, such as 
are seen in anemia and polycythemia, aie contributory factois 2 Reflex 
factors may produce anoxia of the myocardium from failure of adequate 
compensatory dilatation of the coronary arteries or from coronary con- 
stiiction The stimuli for these reflexes may arise either in the heart 
and its associated stiuctures or in other parts of the body 3 Humoral 
factors and possibly other agents, including acetylcholine, epinephrine 
and vasopressin, also alter the caliber of the coronary aiteries 

The piesence of hypertension in 13 of oui 15 cases is of great interest 
Vasoconstrictor phenomena are common in hypertension, and it is con- 
ceivable that extieme coronary vasoconstriction may have played a- role 
The underlying cause of the anginal seizure, whether transitory or 
associated with myocaidial infarction, is ischemia of the myocardium 
Similaily, the electi ocai diographic changes in both instances are also 
the result of myocaidial ischemia The duiation of ischemia will 
deteimme whether the cardiographic and myocardial changes are 
leversible or not 

Though the occurrence of the type of case reported by us is infie- 
quent, it is nevertheless of importance, since similar physiologic factois 
must also play a role in many cases of ordinary coronary disease and 
myocardial damage 
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That splenectomy causes a “clinical cure” of hemol>tic jaundice has 
been well known foi some time, but only recently has our attention been 
called to the immediacy of the changes in the blood that follow the 
operation ^ In the past four years 26 cases of typical familial hemolytic 
jaundice have been obseived," in 12 of which the spleen was removed 
without fatality Eight of the splenectomized patients have been sub- 
jected to careful detailed study with special reference to changes occur- 
ring m the blood during and immediately after splenectomy It is our 
purpose to present the results of this study together with control 
observations on 5 additional cases of “refractory” anemia in which 
splenectomy was performed We hope that our additional information 
concerning the action of the spleen will be of some clinical value to the 
physician m his understanding and handling of the patient with hemo- 
lytic jaundice 

METHODS 

In this group of 8 cases, the diagnosis of hemobtic jaundice was made without 
question from the detailed indnidual history and family history, a careful physical 
examination and complete and thorough hematologic studies, which included blood 
counts, hematocrit studies, erythrocytic fragility tests, reticulocyte counts and 
determinations of the icterus indexes and van den Bergh reactions The period 
of control observation before splenectomy varied in different instances from a few 
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weeks to many months Additional laboratory and roentgen studies were made, 
but the results are not important in the consideration of this particular problem 
The patients were all white There were 7 females and 1 male Their ages varied 
from 4 to 42 years 

The patients were hospitalized several days prior to operation, and complete 
studies of the blood were made daily On the day of operation certain studies ^ 
were made before the anesthetic was administered, during surgical manipulation 
of the spleen but before ligation of its pedicle and at fifteen minute periods 
thereafter during the remainder of the operation The samples of blood were 
obtained from a stab puncture of the finger tip These same studies were earned 
out two, four, eight, twelve, twenty-four and forty-eight hours after operation 
and every three to five days thereafter during hospitalization Routine checks of 
the blood counts were made at varying intervals every one to three months after 
splenectomy 

The operations were purposely performed with various types of anesthesia, 
including spinal anesthesia and anesthesia induced with cyclopropane, nitrogen 
monoxide and ether, and avertin with amylene hydrate and ether For the most 
part the surgical approach and technic of Wilkie^ were used In this group, 
neither transfusions nor any other type of antianemic therapy was given either 
preoperatively or postoperatively, so that any change in the blood picture was 
considered directly attributable to the splenectomy 

With the same plan of study, a group of control observations were made on 5 
patients with severe refractory anemia before, during and after splenectomy The 
patient in case 1 was a woman 21 years of age, the remaining patients were 
older, 2 men and 2 women whose ages varied from 52 to 64 years All had marked 
and persistent anemia, acholuric jaundice, reticulocytosis, hyperplasia of the bone 
marrow and gross splenomegaly for which, even after complete postmortem 
examinations in 3 of the 5 cases, the cause could not be clearly established 
Splenectomy was tried only after a long period of observation in which all forms 
of medical therapy to combat the anemia had failed These patients differed from 
those with typical hemolj^tic jaundice in that there was no evidence of a familial 
tendency, the blood picture was characterized by an absence of spherocytosis, and 
the fragility, though slightly altered, was not definitely increased The patient in 
case 4 died on the third postoperative day, of thrombosis of the splenic vein , ^ the 
patient in case 2 died of postoperative pneumonia one week after splenectomy, 
the patient m case 3 died as the result of postoperative hemorrhage following a 
subsequent cholecystectomy nine months after splenectomy The patients in 
cases 1 and 5 were living twelve and seven months after splenectomy, but in 
neither case had the clinical or the hematologic picture changed from that 
observed prior to operation At a later date this group of cases of atypical 
hemolytic anemia, recently referred to by Thompson,® will serve as the basis 
of a detailed report on the controversial question of the “acquired” or refractory 
type of hemolytic anemia 
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RESULTS 

Hemoglobin — In the group of 8 cases of typical hemolytic jaundice, 
the value for hemoglobin at the time of operation m 5 cases was 70 per 
cent or below, while in the other 3 cases it langed fiom 82 to 96 per cent 



Chart 1 — A, hemolytic jaundice, B, atj'pical hemolvtic anemia 


(chart 1 Fiom the time the anesthetic was given to the point of 
ligation and cutting of the splenic pedicle theie was a necessaiy ten to 
twenty minute interval of handling, manipulating and squeezing the 
spleen during the piocess of freeing the organ fiom adhesions and its 
normal ligamentous attachments During this period, in each of the 5 
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cases of seveie anemia theie was a sharp rise in the hemoglobin content 
of the blood, vaiying from 16 to 32 per cent Theie was no appieciabie 
change, however, in cases 6, 7 and 8, in which the contiol hemoglobin 
determinations were within noimal limits Aftei the splenic pedicle was 
ligated and the spleen lemoved, the hemoglobin continued to increase 
slightly (3 to 12 per cent) dm mg the first postoperative hour m the fiit,t 
5 cases and more sharply (10 to 28 per cent) m the lemaming 3 cases In 
other words, at the end of the first hom after splenectomy the hemoglobin 
had increased m eveiy case fiom 10 to 35 pei cent, with the astounding 
average of 23 2 per cent for the group From our observations, it would 
seem that the lower the preoperative hemoglobin level, the more lapid 
and moie maiked the increase, the change occuinng, foi the most part, 
during actual surgical manipulation of the spleen There seemed to 
be no diiect i elation, however, between the size of the spleen and the 
degree of change occurring m the blood duiing its lemoval 

After the sudden increase of hemoglobin dm mg the operation and 
the fiist hour after the opeiation, theie was a slow but definite drop 
during the first eight hour period, the decrease varying from 3 to 33 
per cent and avei aging 16 per cent for the group The deciease in 
hemoglobin continued in most cases to about the thud postoperative 
day, and though it approached, in no instance did it actually leturn to, 
the preoperative level During the remainder of the first week after 
lemoval of the spleen, although the chart shows a definite ‘leveling off” 
with little or no change m the amount of hemoglobin, the patient showed 
a daily clinical improvement associated with a lapid retuin to noimal 
of the reticulocyte count and the icterus index The value for hemo- 
globin each week theieaftei showed a slow but sustained improvement, 
returning to normal limits by the end of four to eight weeks 

The control series of 5 splenectomized patients with atypical hemo- 
lytic anemia showed no such tempoiary immediate or permanent secon- 
daiy change m hemoglobin as was unifoimly obseived m cases of familial 
hemolytic jaundice (chart IB) In the 3 cases of this group m which 
anemia was most seveie, manipulation of the spleen during operation 
caused a rise of 6 to 14 per cent m the first hour, but it m no way 
compared to that observed m cases of familial hemol}'tic jaundice In 
addition, the subsequent postoperative curve did not show the giadual 
mciease to normal The 3 patients who suivived the first postoperatne 
month showed an average of 57 per cent for the group as compared to 
their pieopeiative average of 42 per cent At the time of writing the 2 
remaining living patients, twelve and seven months after removal of 
the spleen, lemam only slightly impioved 

Eiyth ocytes — At the time of opeiation, the control red blood cell 
counts of 7 of the 8 patients with typical familial hemolytic jaundice 
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were below 4,000,000 per cubic millimeter Three of them were between 
2,000,000 and 3,000,000 cells per cubic millimetei (chart 2 A) In case 8 
the erythrocyte count was 4 600,000 on the day of splenectomy Again, 



Chart 2 — A, hemolytic jaundice, B, atypical hemolytic anemia 


irrespective of the red blood cell level at the time operation started, a 
dramatic response was observed duiing the shoit inteival of handling 
the spleen before actual ligation of the pedicle In this fifteen to twenty 
minute interval, the increase varied fiom 200,000 to 1,900,000 cells, the 
average for the group being 980,000 As observed in the hemoglobin 
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determinations, the increase of red cells continued, though not as sharply, 
for one to two hours after the spleen had been removed Up to this time 
the average increase for the group fiom the initial preoperative count 
was 1,100,000 cells After the second hour the curve for the group 
varied somewhat, the count in 4 cases showing a sharp decline, that m 
2 continuing to increase slightly for a few more hours and then begin- 
ning its descent and that in the remaining 2 “leveling off” for six to 
twelve hours before showing a decrease All, however, within the first 
foity-eight hour period gradually fell to approach their preoperative 
control determinations 

Though there was some individual fluctuation on the curves during 
the first week after operation, the trend for the group showed a begin- 
ning upward swing that cairied each count to approximately 5,000,000 
cells by the end of the first month The patient in case 3 had temporary 
polycythemia, the erythrocyte count being 7,200,000 three months after 
operation 

In the group of cases of atypical hemolytic anemia (chart 2 5) a 
definite pattern of response to splenectomy was again lacking No sharp 
immediate increase of any degree was observed duimg the operative 
interval Although in cases 2 and 5 there were striking increases at 
the end of twenty-four hours, the counts in both promptly declined to 
and remained at subnormal levels by the end of the first week The 
patients in cases 1 and 5, twelve and seven months respectively after 
splenectomy, were still moderately anemic 

Leukocytes — In each case of hemolytic jaundice, splenectomy caused 
a profound change in the number of leukocytes (chart Z A') Before 
operation the average white cell count for the group was 11,800 per 
cubic millimeter After the manipulative phase and before ligation of 
the splenic vessels, the number of white cells began a steep and rapid 
ascent The increase varied from 2,600 to 48,000 cells, the average 
for the gioup being 28,300 cells The rise in the leukocyte count 
continued duimg and after the operation, reaching a maximum height 
m from one to eight hours postopeiatively and ranging fiom 14,000 to 
51,250, with an average of 45,800 for the group The mciease was 
uniformly of the polymorphonuclear senes, chiefly the younger foims, 
the total percentage vaiying fiom 89 to 97 at the peak of the inciease 

After this rapid initial rise in the leukocyte count theie was a slower 
deciease for the first week after splenectomy, approaching but not 
returning to the normal levels This postoperative leukocytosis, with 
a leukocyte count ranging from 10,000 to 16,000 cells and a normal 
differential formula, has persisted in each case up to the time of writing 

In the cases of atypical hemol34ic anemia (chait 3 5), with the 
exception of case 3, the amazing sudden increase in leukocytes did not 
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occur during the operation With a much lower preopeiative leukocyte 
count than was observec^ in the hist group, avei aging 3,640 cells per 
cubic millimeter, splenectomy produced only a slight inciease m the 



Chart 3 — A, hemolj^tic jaundice, B, at 3 'pical hemohdic anemia 

numbei of cells Except for a leukocyte count of 32,000 obseived in 
case 2, in which the patient succumbed to postopei ative pneumonia, 
the average for the group at the end of the fiist week after splenectomy 
was 4,700 white cells per cubic millimeter 
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COMMENT 

Fiom these obseivations on the changes occurring in the blood 
dining and after removal of the spleen, two problems naturally present 
themselves 1 What are the factors lesponsible for the production 
of these unusual changes^ 2 Of what clinical use and importance are 
these changes in considering the patient with hemolytic jaundice^ 

At piesent theie is almost universal agreement among clinicians that 
gradual impiovement in the red cell level follows splenectomy for 
hemolytic jaundice ^ The sti iking suddenness with which such changes 
occur was pointed out first by Glover and Fargo ® and latei by Doan 
and his associates ^ The latter group found m addition that after 
splenectomy a major increase, frequently of 1,000,000 oi moie red 
cells per cubic millimeter, occuiied immediately, before the patient left 
the opeiating table They further stated that studies of the blood volume 
proved this erythema to be not simply a relative cellular increase 
dependent on some loss m plasma volume but an immediate, large and 
significant increase in the actual circulating erythrocytic cell volume 
They concluded 

The disgorgement of the sequestered blood cells from the splenic lescrvoir 
incident to operation, and the sudden elimination of the destructive activity of 
the splenic phagoc 3 des render more effective the unusually active erythropoiesis 
and erythrocytic delivery that characterize the bone marrow in hemolytic anemia 

Before attempting to explain the results of our observations, it 
would first be peitinent to review briefly a few of the more recently 
discovered and important facts concerning the fundamental physiologic 
action of the spleen Barcioft® has definitely shown experimentally 
that the spleen acts as a reseivoir of led blood corpuscles and that 
under various influences it is capable of maiked alteiations in its volume, 
with resulting changes in the numbers of blood cells in the peripheral 
circulation Cruickshank estimated the amount of blood expelled 
from the spleen by a single contraction to be from 2 6 to 5 6 per cent 
of the total blood volume of the animal Miller and Rhoads,^^ in a 

7 Cheney, W F , and Cheney, G Chrome Hereditary Hemolytic Jaundice, 
Am J M Sc 187 191-212 (Feb ) 1934 Pemberton, J D Results of Splenec- 
tomy in Splenic Anemia, Hemolytic Jaundice, and Hemorrhagic Purpura, Ann 
Surg 94 755-765 (Oct) 1931 

8 Glover, D M, and Fargo, W C Familial Hemolytic Jaundice, Ohio 
State M J 29 428-432 (July) 1933 

9 Barcroft, J Alterations in the Volume of the Normal Spleen and Their 
Significance, Am J M Sc 179 1-30 (Jan ) 1930 

10 Cruickshank, E W H Output of Hemoglobin and Blood by the Spleen, 
J Physiol 61 455-464 (June) 1926 

11 Miller, D K , and Rhoads, C P The Effect of Splenic Contractions on 
the Formed Elements of the Blood in a Case of Anemia and Splenomegaly, J Chn 
Investigation 12 1009-1033 (Nov ) 1933 
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study of the spleen as a reseivoir of blood, reported a case of anemia and 
splenomegaly in which it was possible to induce marked contraction 
of the spleen by the parenteral use of various drugs Accompanying 
the induced splenic conti actions, there occurred within a few minutes 
marked increases in the number of cellular elements of the circulating 
blood, amounting to as much as 520,000 red blood cells pei cubic milli- 
meter and 15 per cent hemoglobin Determinations of blood volume 
after contraction of the spleen showed a slight increase in the total 
blood volume and a slight reduction of the plasma volume 

From these observations, there seems to be little doubt concerning 
the capacity of the spleen to act as a storehouse for blood elements and 
by altering its volume to cause striking changes in the peiipheral blood 
stream Some of these changes in the blood, howevei , have been induced 
m patients without spleens Patek and Doland made studies of the 
blood before and after the subcutaneous injection of epinephrine hydro- 
chloride in noimal subjects, patients with hemolytic jaundice before 
and after splenectomy and patients with splenomegaly from miscella- 
neous diseases In no case was there any significant change of con- 
centration of red blood cells, in the hematocrit reading or m the 
hemoglobin In all cases leukocytosis involving the mature forms of 
both myeloid and lymphoid cells occurred Since the changes were not 
greater in patients with spleens than in splenectomized patients they 
appeared to be due not to splenic contractions but to a mechanical 
alteiation m the blood stieam Using epmephiine hydrochloride, we 
had independently made the same obseivations and come to the same 
conclusions in a few selected cases both befoie and after splenectomy 

In order to evaluate any alteiation m the blood duiing and after 
splenectomy, one must fiist know what changes, if any, take place 
during any major opeiative piocedure done undei vaiious types of 
pieoperative medication and anesthetics This problem has been ade- 
quately coveied by former investigators^^ who, woiking with a laige 
series of surgical patients whose illness was not complicated by infection 
or hemorrhage, came to the following conclusions 1 Slight change 
01 no change in the hemoglobin oi red blood cells occuis duimg oi 
after vaiious operations peifoimed with the aid of local, inhalation oi 

12 Patek, A J , and Doland, G A The Effect of Adrenalin Injections on 
the Blood of Patients With and Without Spleens, Am J M Sc 190 14-21 (Julj) 
1935 

13 Mann, F C Some Bodily Changes During Anesthetics, J A ]\I A 97 
172-175 (July 15) 1916 Melene}’-, F L A Study of Anteoperative and Post- 
operative Blood Counts in Non-Inf ectious Surgical Conditions, Ann Surg 67 
129-148 (Feb ) 1918 Witter, M S Postoperative Leucocytosis, Surg , Gynec 
& Obst 40 23-30 (Jan ) 1925 Taylor, I B , and Water, R M Leucocytosis 
Following Inhalation Anesthesia, Anesth & Analg 14 276-281 (Nov -Dec) 1935 
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spinal anesthetics 2 Leukocytosis occurs, the leukocyte count being 
two to three times the pieoperative count, reaching its peak in four 
to eight hours and returning to normal numbers at the end of four to 
five days, with a slight lag of a day or so in the return of the differential 
formula Inhalation anesthetics cause a higher increase m the leuko- 
cyte count than do anesthetics administered by the spinal loute The 
increase appears to be due to direct stimulation of the bone maiiow 
and not related to the spleen We have confirmed these observations 
on a relatively small number of surgical patients 

The changes in the cellular elements of the blood which occur after 
transfusion have been studied by Sibley and Lundy These authors 
have shown that after a transfusion of 500 cc of citrated blood, an 
increase of the value for hemoglobin of from 12 7 to 16 8 per cent 
(2 12 to 2 8 Gm per hundred cubic centimeters) can be expected at 
the end of the second day in those cases m which reactions do not occur 
and m which bleeding does not follow the transfusion 

With this background it seemed logical for us to use as controls 
patients with conditions closely allied to hemolytic jaundice, for whom 
splenectomy was tried as a therapeutic measuie This is especially 
important when one considers the factor of squeezing and manipulation 
of the spleen and the question of an autotransfusion effect that would 
necessarily be absent during any other type of operation 

Turning then to our observations on the group of cases of typical 
hemolytic jaundice, we may corroborate the conclusion of Doan and 
his associates ^ that an immediate and dramatic change m the cellular 
elements of the blood occurs during splenectomy We have been able 
to demonstrate, however, that this change is temporary, lasting only 
a few hours, and it appears to be merely the result of an outpouring 
of blood cells into the peripheral circulation from an enlarged splenic 
reservoir that is squeezed and handled during the surgical procedure 
In each instance the reduction of splenic size and volume that occurs 
during operation is visible and obvious 

After splenectomy there is a readjustment of the fluid balance, and 
the hemoconcentration deci eases wnthin forty-eight hours, with subse- 
quent reduction in the number of cells to almost the preoperative level 
With removal of the spleen and its destructive effect on the erythro- 
poietic equilibrium, the hyperplastic bone marrow, so characteristic of 
this specific disease entity, quickly compensates for the reduced numbers 
of cells and a second and more gradual but permanent increase, this 
tune to normal limits, takes place This secondary rise m the hemo- 
globin level and the erythrocyte count appears similar to that seen after 

14 Sibley, W L , and Lundy, J S The Behavior of the Hemoglobin After 
Blood Transfusion, Surg, G 3 mec & Obst 67 293-295 (Sept) 1938 
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the reticulocyte shower in pernicious anemia during adequate lu'er 
therapy Three of these original patients have undergone a later 
cholecystectomy, during which there was no appieciable change m the 
amount of hemoglobin oi the number of er} throcytes, although a 
moderate but transitory increase in the leukocyte count occuired 
An interesting feature of oui observations was the gross difference 
between the changes in the blood m our cases of typical hemolytic 
jaundice and those m our cases of so-called atypical hemolytic anemia 
If, as we have assumed, the initial changes that occurred m the former 
group weie merely an autotians fusion effect of squeezing an enlarged 
spleen befoie its removal, the same diamatic increase should have 
resulted during splenectomy m the lattei group This, however, was 
not the case A possible explanation for this inteiestmg contrast lies 
m the differences in the histologic appearance of the spleen In the 
patients with hemolytic jaundice the spleen was essentially normal histo- 
logically, though theie was consideiable congestion of the splenic pulp 
On the other hand, in the second gioup the sections of the spleen showed 
little, if any, congestion but frequently showed mild fibrosis and 
leticular cell hyperplasia with a fairly large number of free histiocytes 
and nucleated red blood cells Such a distinct difference m the splenic 
histologic picture may account for the respective reactions of the ele- 
ments of the peripheral blood occurung during and after splenectomy 
Furthermoie, it would seem obvious that splenectomy m cases of refrac- 
tory anemia has no beneficial effect on the anemia This problem, 
together with the peculiar histiocytic reaction observed m the spleens 
in such cases, will serve as the basis of a future report 

As a result of our experience with the promptness of the changes 
occurimg in the blood during and after splenectomy, we have not 
hesitated to suggest splenectomy for patients with hemolytic jaundice 
even m the presence of moderate oi se^ ere anemia In oui senes of 12 
splenectomized patients the results have been unifoimly excellent It is 
our practice to recommend splenectomy for patients with clinical mani- 
festations of the disease, irrespective of age and independent of the 
severity of involv'ement and the presence of complications In such 
patients the chionicity of symptoms and the risk of seiious complica- 
tions more than offset the low risk of operation Although we have 
had several of our patients under obseivation dm mg typical hemoljffic 
crises, we hav'^e not yet felt it necessaiy to lesoit to splenectomy as an 
“emergency” procedure as adv'ocated by Doan and his associates ^ and 
therefore have not had the opportunity to observe the response of this 
type of patient It would seem, however, that if, with this type of 
ciitically ill patient, the first increase of blood occurimg duimg splenec- 
tomy were followed by several daily blood transfusions, the subsequent 
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deciease could be averted to a large degree and the dangei of post- 
opeiative complications greatly lessened 

SUMMARY 

In patients with familial hemolytic jaundice, splenectomy caused 
dramatic, immediate changes in the blood, which peisisted for only a 
few houis These primaiy changes weie the result of an autotransfu- 
sion effect fiom surgical manipulation of the enlarged splenic reseivoir 

During the first four to six weeks aftei splenectomy, a second rise, 
giadual and permanent, to normal limits was observed m the hemo- 
globin content and the erythrocyte count This second inciease lesulted 
fiom lemoval of the destructive function of the spleen, which pre- 
viously kept these values below noimal in spite of a hypei plastic bone 
man ow 

No comparable blood changes were observed during oi aftei splenec- 
tomy in a group of cases of atypical hemol3^tic anemia, m various general 
abdominal opeiations or in splenectomized patients with familial hemo- 
lytic jaundice undergoing cholecystectomy 
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PHILADELPHIA 

The skeletal disease known as polyostotic fibrous dysplasia has been 
described in the literature under a variety of designations, including 
osteodystrophia fibiosa unilateralis, osteitis fibrosa locahsata, osteodys- 
trophia fibrosa C3stica generahsata, fibrous osteodystrophy and osteitis 
fibrosa disseminata Since the osseous changes, which m this condition 
are usually predominantly or exclusively unilateral, simulate roentgen- 
ographically those due to hyperparathyroidism (osteitis fibrosa cystica, 
Recklinghausen’s disease of hone), it is essential to exclude the latter 
disease so that the patient may not be subjected to unnecessary explora- 
tion of the neck and thoiax The term “polyostotic fibrous dysplasia” 
was applied to this condition by Lichtenstein ^ and Jaffe,- each of whom 
described a rather characteiistic histologic picture of the bone lesion 
The present case is reported because it illustrates certain points of impor- 
tance in differential diagnosis and because we feel that the possible 
presence of this disorder is fiequently overlooked in cases in which the 
roentgenographic picture of osteitis fibrosa cystica generahsata is pres- 
ent without definite evidence of h} perparathyroidism 

REPORT or CASE 

H M, a Polish woman aged 20, was admitted to the Jefferson Medical College 
Hospital in November 1937, complaining of pain in the regions of the hips and 
increasing deformity of the thighs of nine years’ duration The latter condition 
had recurred on the right side despite a corrective osteotomy of the femur 
performed two years previously at another hospital On a second admission, 
in April 1938, the patient complained of diffuse pain in the upper extremities and 

From the Departments of Orthopedic Surgery and Medicine, Jefferson Medical 
College Hospital 

1 Lichtenstein, L Polyostotic Fibrous Dysplasia, Arch Surg 36 874 (Mav) 

1938 

2 Jaffe, H L , in discussion on Garlock, J H The Differential Diagnosis 
of Hyperparathyroidism, with Special Reference to Polyostotic Fibrous Dysplasia 
(Lichtenstein- Jaffe), Ann Surg 108 347 (Sept) 1938 
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such se\ere discomfort and weakness in the lower extreniities that she had become 
bedridden Her family history and past medical history had no bearing on the 
present illness 

Physical Examviaiton — There was marked bownng of the thighs, especially the 
right, associated with inch (13 cm ) shortening of the right lower extremity as 
compared with the left There was restriction of motion of both hip joints, due 
to coxa vara deformities, and considerable tenderness on palpation of the deep 
tissues of both thighs Investigation of the genitourinary sjstem and the central 
nerxous system, including studies of the spinal fluid and examination ot the e\e- 
grounds and visual fields, revealed no abnormality The lungs, heart and abdomen 
appeared normal, and there w'as no evidence of parathyroid tumor 

Rochfgen Examimhon — The bones of the skull, thorax and spine and both 
upper extremities appeared normal 

Pelvis there were many circular radiolucent areas, varying from the size of 
a pea to that of a walnut, throughout both ihums and most marked just above 
the acetabulums, especially on the right side There w'ere osteoporosis and 
cortical expansion in the rami of the right ischium and the pubis 

Femurs Coxa vara and outward bowing deformities were present on both 
sides, more marked on the right, where there was shortening of the entire bone 
There was diffuse osteoporosis with cortical thinning throughout the entire shaft 
There was considerable expansion of the upper halves of both femurs Coarse 
trabeculations simulated cyst formation A transverse area of increased density 
below the right lesser trochanter marked the site of the previous osteotomy 

Tibias and Fibulas There w’as diffuse osteoporosis with cortical thinning 
and expansion throughout the right tibia and the left fibula 

Bones of Feet A large oval radiolucent area was present in the right os 
calcis, the right scaphoid and cuneiform bones showed diffuse mottling There 
was a fusiform expansion of the shafts of the right fourth and fifth metatarsal 
bones and broadening of the proximal phalanges of the right fourth and the left 
second toe (fig 1) 

Laboiatoiy Studies — Blood Count Repeated examinations between Nov 29, 
1937 and Sept 25, 1938 showed hemoglobin ranging from 64 to 96 per cent (Dare), 
red blood cells from 3,600,000 to 4,850,000 and white blood cells from 6,700 to 
11,400 The differential leukocyte count was normal 

Urinalysis The patient was catheterized and the voided specimens were con- 
sistently normal A twenty-four hour specimen failed to reveal Bence Jones 
protein 

Calcium and Phosphorus Studies The following values were recorded 


Date 

Serum 
Calcium, 
Mr per 
lOOCc 

^'ov 16, 1937 

Kov 29, 1937 

Dec 3, 1937 

SC3 

April 2S, 193S 

1120 

May 20, 193S 

8 43 

May 27, 193S 

9 48 

June 19, 1938 


June 27, 1938 

S78 

Sept 7, 193S 

11 0 


Serum 

Phosphorus, 
Mr per 
lOO Cc 

Serum 
Protein, 
Mr per 
100 Cc 

Serum 

Phosphatase 
Activ ity. 
BoJanshy Units 

32 

6 4 

85 



10 0 

22 



24 


05 

21 

5 94 

78 

S2 

C2S 

11 2 

C 2 

7 84 

27 
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Unnar}' excretion of calcium and phosphorus for three day periods with a low' 
calcium diet (0111 Gm of calcium and 0 78 Gm of phosphorus daily) w'as as 
follows 


Date 

May 30 June 2, 1937 
June 24 27, 1938 
Sept 4 7,1933 


Calcium, Mg 
348 
172 
232 


Phosphorus, Mg 
884 
2,720 
1,523 



Fig 1 — Roentgen changes in the bones 


Other Findings The Wassermann and Kahn reactions of the blood were 
negative The cholesterol content of the plasma was 119 mg per hundred cubic 
centimeters The sugar content of the blood was 76 mg and the urea nitrogen con- 
tent 10 5 mg per hundred cubic centimeters The urea clearance of the blood was 
51 per cent of the average normal The dextrose tolerance was normal The 
basal metabolic rate was 15 per cent in November 1937 and — 17 per cent in 
July 1938 
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Biopsy of Bone — On July 5 a piece of bone was removed from the left lemur, 
just below the level of the great trochanter Grossly, no periosteal reaction was 
observed, the cortex was extremely thin, and the spongiosa was replaced by a 
gritty, whitish fibrous tissue which bled slightly Microscopic examination revealed 
that the spongj' bone had been replaced by, and the marrow cavities filled with, 
very cellular fibrous tissue m which numerous areas of osteoid tissue and spicules 
of calcified bone were scattered No cartilage was noted Occasional vascu’ar 
channels were seen, and a moderate number of multinucleated cells were scattered 
within the fibrous tissue and along the margins of the bone No evidence of cyst 
formation w'as observed (fig 2) 

Opciation — On September 16 exploration of the neck w'as performed by Dr 
George Muller There was no gross evidence of parathyroid tumor or hyperplasia 
and no microscopic CMdence of parathjroid tissue in a nodular piece of tissue 
excised from the thjroid gland, w'hich was reported as show'ing “adenomatous 
glandular hjperplasia” (Dr B L Crawford) 

At the time of writing, after ten months of obser\ation, the clinical and 
roentgenographic pictures ha\e altered onh’ in that the patient has become 
increasinglj disabled b\ pain and weakness and there has been some progression 
of the bone lesions Efforts haie been made to control the pain bj' subarachnoid 
injections of alcohol, and chordotomy is contemplated if other measures are 
unsuccessful 

COMMENT 

In the opinion of the roentgenologist, the skeletal lesions presented 
a rather characteristic picture of osteitis fibrosa c}stica dependent on 
a state of hyperparathyroidism There weie certain points, however, 
which weighed strongly against the diagnosis Among the more impor- 
tant of these were (1) the comparative!} earl} age of the patient at 
the onset of S}mptoms (11 years), (2) the consistently essentially nor- 
mal serum calcium and phosphorus concentrations and serum phos- 
phatase activity and (3) the absence of excessue excretion of calcium 
m the urine during periods of low calcium intake The phosphorus 
content of the diet during these peiiods -was perhaps not low enough 
to render this observation as conclusive as it would otherwise have 
been, but it certainly was not high enough to prevent the characteristic 
excessive urinary excretion of calcium associated wuth hyperparathy- 
roidism Moreover, whereas it is possible that osseous lesions due to 
previous hyperparathyroidism may persist during periods of remission 
of the latter state, duiing which no metabolic evidence of such hyper- 
parathyroidism may be demonstrable, it seems inconceivable that such 
lesions can progress for ten months with no associated manifestations 
of abnormal parath}roid function This diagnosis having been excluded 
and the clinical course of the condition and the absence of other signifi- 
cant findings apparently having excluded multiple myeloma and metas- 
tatic malignant lesions, it w^as felt that the condition Avas probably either 
polyostotic fibrous dysplasia or an atypical skeletal xanthomatous 
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process The latter ^^as ruled out 1)> the results of examination of the 
biopsy specimen 

The characteristic features of the lesion m this case closel} resemble 
those described by Lichtenstein ^ and by Jaffe " These consist in leplace- 
raent of the substantia spongiosa and filling of the medullaiy cavity by 
fibrous tissue in which sporadic islands of hyaline cartilage and poorl} 
calcified primitive bone develop by metaplasia and in which aie dis- 
tributed small nests of giant cells and occasional vascular channels The 
cortex becomes expanded and thinned owing to encroachment on its 
endosteal surface by the proliferating fibrous tissue These changes 
appal ently result fiom pei verted development of the bone-forming 
mesenchyme, and a congenital basis has been suggested The diagnosis 
of polyostotic fibrous dysplasia in this case seems justified on the basis 
of (1) the consistent absence of abnoimahty of calcium or phosphoius 
metabolism duimg a period of progression of the skeletal lesions, (2) 
the histologic charactei istics of the lesion and (3) the failure to detect 
any abnormality of the parathyroid glands on surgical exploration of 
the neck In our opinion, the latter procedure is not justified in such 
cases 

Dr H L Jaffe assisted m the interpretation of the histologic sections of the 
biopsy specimen 

[Note — The patient in the case reported was rehospitahzed in June 1939 for a 
brief period of observation She no longer had pain m the left hip and left lower 
extremity, and the discomfort in the right hip and right lower extremity had 
lessened considerably Despite weight bearing for shoit periods daily, there had 
been no increase in her deformities There was no roentgen evidence of a’teration 
in the osseous lesions, and no new lesions were apparent The laboratory findings 
corresponded with those previousb'^ recorded ] 
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AUTOPSY IN A CASE WITH VISCERAL LESIONS 
E F COTTER, MD 

NASHVILLE, TENN 

An extensive literature has appeared on the subject of sarcoid since 
the cutaneous lesions weie desciibed by Hutchinson (1869), Besnier 
(1889) and Boeck (1899) In the majority of the cases reported only 
the cutaneous manifestations have appeared Kuznitzky and Bittorf ^ 
in 1915 suggested that there is a generalized distribution of the lesions, 
and Jungling" in 1920 and in 1928 published his observations on the 
osseous changes These publications prompted a further inteiest in 
the chaiacter and distribution of the visceial lesions A comprehensiv'^e 
review of the subject is to be found in the recent publication of 
Longcope and Pierson ^ 

Although the disease vv'ith geneialized lesions has been well studied, 
only a few autopsies have been reported Bernstein, Konzelmann and 
Sidlick^ in 1929 reported a case of saicoid wnth lesions in the skin, 
epicardium, bronchial mucosa and mucosa of the ileum Myhus and 
Schurmann ° in 1929 presented 2 cases In the first, in which there 
was an associated pulmonaiy tuberculosis, iritis had been observed 
clinically, togethei with cutaneous lesions on the cheek, cystic changes 
of the phalanges, enlargement of the mediastinal lymph nodes and 
infiltration of the lungs Autopsy lev'caled lesions in the skin, lungs, 
liv^ei, hmph nodes and phalanges In the second case only lesions in 
the lungs and peiibionchial Ijniph nodes w'eie desciibed Lenartowicz 

From the Department of Pathologv, Vanderbilt University School of Medicine 

1 Kuznitzky, E , and Bittorf, A Boecksches Sarkoid mit Beteiligung innerer 
Organe, Munchen med Wchnschr G2 1349, 1915 

2 Junghng, O Ostitis tuberculosa multiplex cvstica (emc eigenartige Form 
der Knochentuberkulose), Fortschr a d Geb d Rontgenstrahlen 27 375, 1920, 
Ueber Ostitis tuberculosa multiplex cystoidcs, zugleich ein Beitrag zur Lehre von 
den Tuberkuhden des Knoches, Beitr z klin Chii 143 401, 1928 

3 Longcope, W T, and Pierson, J W Boeck’s Sarcoid (Sarcoidosis), 
Bull Johns Hopkins Hosp 60 223, 1937 

4 Bernstein, M , Konzelmann, F W, and Sidlick, D M Bocck’s Sarcoid 
Report of a Case with Visceral Involvement, Arch Int Med 44 721 (Nov ) 1929 

5 Myhus, K, and Schurmann, P Umverselle sklerosierende tuberkulose 
grosszellige Hjperplasie, eine besondere Form atypischer Tuberkulose, Beitr z 
Klin d Tuberk 73 166, 1929 
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and Rothfeld ° in the same 3fear described a case of saicoid with lesions 
in the brain, lungs, spleen, gastrointestinal tract, lymph nodes and bones 

Schaumann m 1936 reported 4 cases m 3 of which a thorough 
clinical study had been made, m the fourth diagnosis was made post 
mortem Active tubeiculosis was associated with the sarcoid lesions 
in 2 of the cases In the first case the lesions had regressed after 
the development of the active pulmonaiy tuberculosis In the second 
case lesions appeared in the skin, lungs, epicardium, liver, spleen, 
capsule of the kidney, lymphatics, phalanges and mariow of the 
humerus and radius In the third case clinical diagnosis was based 
on the character of the lesions of the skin, the enlaigement of the lymph 
nodes, the osseous changes and the enlaigement of the hilar shadows 
At autopsy lesions weie seen m the lungs, subepithehal connective tissue 
of the trachea, gastrointestinal tract, liver, spleen, epididymis, prostate, 
lymph nodes and lumbai veitebiae In this case the active tubeiculous 
peiitomtis which was present was considered meiely a complication 
The author stated that the rapidity of death did not peimit fibiosis 
of the sarcoid lesions In the fouith case, in which diagnosis was 
made at autops), the lymph nodes, spleen, pharynx, liver and lungs 
weie involved 

In July 1937 Nickerson ® published a report of 6 cases of sarcoid 
with visceial involvement, in all but 1 of which some other disease 
caused death In 1 case, that of a middle-aged Negress, death was due 
to a widespiead sarcoid infection, without cutaneous lesions The 
clinical diagnosis was atypical tubeiculosis of the lungs and l}TT!ph nodes 
and bionchial asthma The postmortem diagnosis was atypical tuber- 
culosis, but the condition was latei considered saicoid A few solitary 
lesions weie noted m the myocaidium and endocardium in 1 case Other 
oigans obseived to be involved weie the lungs, spleen, liver, pancreas, 
testis lymph nodes and bone marrow of the femui and vertebrae 

The report of an unusual case in which generalized chronic infectious 
granulomas involved especially the myocardium is presented The course 
was lapid, teimmating fatalh within eleven weeks of the development 
of subjective s^anptoms Autops}^ was pei formed one houi and a half 
post moitem Because of the chaiacter and distribution of the lesions 
and an inability to demonstiate an etiologic agent, the diagnosis of 
Boeck’s saicoid was made 

6 Lenartowicz, J, and Rothfeld, J Em Fall \on Hautsarkoiden (Daner- 
Roussy) mit identischen Veranderungen im Gehirm und den inneren Organen, 
Arch f Dermat u Sj’ph 161 504, 1930 

7 Schaumann J Lymphogranulomatosis Benigna in the Light of Prolonged 
Clinical Observations and Autopsy Findings, Brit J Dermat 48 399, 1936 

8 Nickerson, D A Boeck’s Sarcoid Report of Six Cases in Which 
Autopsies Were klade, Arch Path 24 19 (Juh) 1937 
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REPORT or A CASE 

Chmcal Histotv — W L S, a Negio aged 18, was admiited to the Vanderbdt 
University Hospital on June 21, 1937 His illness had begun insidiously six weeks 
before admission and had grown progressively worse, even though he had stopped 
working, in a beer garden, and spent most of his time resting at home He had 
been aware first of marked fatigue and d 3 'spnea on exertion Later he had noticed 
slight edema of his ankles, orthopnea and a persistent cough, worse at night and 
productive of mucoid sputum Even though his appetite had remained good, he 
had lost weight, although he did not know exactly how much He had not 
experienced pain, hemoptysis, night sweats or chills He had had influenza during 
the winter of 1936 but stated tliat he had not had any other illness He had not 
been exposed to tuberculosis His familial history was noncontributorj' 

Physical Examination — The temperature was 99 2 F, the pulse rate 142 and 
the respiratory rate 48 The patient appeared critically ill, with labored respiration 
in both inspiration and expiration He was poor]}' nourished, although veil 
developed There was slight venous congestion The pupils were normal The 
tonsils were enlarged and cryptic The heart vas enlarged, with the point of 
maximum impulse m the sixth interspace in the anterior axillary line, and there 
was a cardiac dulness at this level of 5 5 by 12 cm A distinct precordial bulge 
and a strong sj'stolic pulsation over the area of the right ventricle were obser\ed 
The cardiac rate was rapid, and the first sound had a loud slapping quality The 
second sound at the pulmonic area was accentuated and reduplicated The blood 
pressure was 140 mm of mercurj sjstolic and 110 diastolic There were an 
ascending line of dulness and some suppression of breath sounds m the right 
axilla Posteriorly in the midline there was little difference on percussion, and 
the bases were estimated to occupy a relatively normal position Numerous rales 
were heard throughout both limgs, more marked in the lower half, and without 
definite changes in respiratory sound The margin of the Iner was 3 cm below 
the right costal margin and was tender on pressure Slight pitting edema of the 
lower extremities was present There w'as a moderate general glandular enlarge- 
ment, the nodes being hard, discrete and nontender 

Laborafoiy Findings — The urine w'as amber and acid, with a specific gravity 
■of 1 006 to 1 015, a trace of albumin and no sugai There w'ere a few' w'hite 
Hood cells and an occasional red blood ceil Many h 3 'aline and granular casts 
were present 

The blood count was 3,367,000 red cells, with hemoglobin 11 Gm , and 5,680 
white cells The supravital differential count was pol} morphonuclear neutrophilic 
leukocytes, 72 per cent, polymorphonuclear basophilic leukocytes, 1 per cent, poly- 
morphonuclear eosinophilic leukocytes, 1 per cent, small lymphocytes, 4 5 per 
cent, intermediate b'mphocytes, 4 5 per cent, and monocytes, 17 per cent Wasser- 
mann and Kahn reactions w'ere strongly positive The total serum protein w'as 
6 62 Gm per hundred cubic centimeters The albumin fraction w'as 3 61 Gm and 
the globulin 3 01 Gm 

The reaction to 0 1 cc of old tuberculin (1 100) w'as negative after forty- 
eight hours 

The roentgenograms showed a thickening of the lulus of each lung, w'lth heavy 
infiltration radiating from the lulus to the peripher} and base The heart was 
somewhat enlarged, and considerable exudation on both sides extended upw'ard 
from the bases 

Subsequent Cou-ise — The course m general was unsatisfactory, although the 
patient showed slight improvement at times Evidence of right ventricular failuie 
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became more marked, and cyanosis of the nail beds appeared The temperature 
varied between 98 6 and 100 F, but on several occasions reached 101 The 
electrocardiographic picture changed from that of sinus tachycardia, with arboriza- 
tion block and low voltage, to that of auricular fibrillation, complete heart block 
and a shifting pacemaker The patient died on Jul}" 22, of progressive m 3 0 cardial 
failure 

Autopsy — Gross Examination The bod}' was that of a malnourished Negro 
of 18, with good skeletal development The cervical, axillary, inguinal and 
epitrochlear lymph nodes were slightly enlarged, firm, discrete and rao\able The 
pupils were equal and dilated The neck, chest and abdomen were not remarkable 
A small, firm, movable nodule 1 by 1 5 cm was present on the flexion surface of 
the left forearm There was pitting edema of the ankles The peritoneum was 
smooth and glistening There was 250 cc of clear straw-colored fluid in the 
peritoneal cavity The margin of the liver was 3 cm below the right costal 
margin Fibrous adhesions covered a small nodule in the upper portion of the 
lower lobe of the left lung and attached the visceral and parietal pleurae at this 
point Two hundred cubic centimeters of clear fluid was present in each pleural 
cavity The pericardium was smooth, thin and glistening About 60 cc of clear 
fluid was present in the pericardial cavity 

The heart was hypertrophied, weighing 450 Gm All the chambers were 
dilated The myocardium was pale and soft The myocardium of the left 
ventricle measured 1 7 cm The muscle bundles were distorted by numerous 
irregular opaque yellowish areas, which were seen throughout, occupying a con- 
siderable portion of the myocardium Small, discrete, slightly raised gray nodules, 
about 2 mm in diameter, were noted just beneath the endocardium Several 
small sessile nodules of a similar appearance were present on the contact surface 
of the aortic leaflet of the mitral valve One measured 4 by 2 mm and the others 
2 mm each There was no associated shortening, rolling or thickening of the 
cusps The cusps of the aortic, the pulmonic and the tricuspid valve were not 
rcmaikable The vahes measured aortic, 5 5 cm , mitral, 9 cm , pulmonic, 6 
cm , and tricuspid, 12 cm Mural thrombi were attached to the endocardium of 
both ventricles The coronary vessels were not unusual The aorta showed no 
evidence of syphilis or atherosclerosis 

The lungs were heavy, the right weighing 720 Gm , and the left 600 Gm A 
firm nodule, measuring 1 5 by 2 5 cm , at the periphery of the upper portion of 
the lower lobe of the left lung was covered by torn fibrous adhesions and was 
clearly differentiated from the surrounding parenchyma The cut surface had a 
gray, opaque appearance A smaller nodule of a similar character, measuring 6 
mm , was observed in the posterior portion of the same lobe A number of 
barely palpable minute nodules weie present on the surface of the right lower 
lobe The dependent portions of the lungs were firm, and an abundance of frothy 
fluid exuded onto the cut surface The hilar and peribronchial lymph nodes were 
much enlarged, measuring from 1 to 2 5 cm They were firm, glistening and light 
gray 

The gastrointestinal tract was not remarkable Se%cral small, firm, slightly 
raised gray nodules, about 1 mm in diameter, were noted on the surface of the 
liver The spleen, pancreas and adrenals w'ere of normal size, shape, appearance 
and consistency The kidneys were of normal weight and appeared swollen and 
congested, and each contained a fairlj' large infarct 

Microscopic Examination The lesions were composed of multiple discrete 
tubercles as well as man} confluent groups of tubercles The center of the 
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tubercle was composed of endothelial cells, often associated with a giant cell, 
and about the periphery there existed a scanty zone of lymphocytes The giant 
cells were numerous, often situated at the periphery of the tubercles and frequently 
containing from twenty to thirty rather irregularly distributed nuclei In one 
large giant cell in the myocardium fifty nuclei were counted When the tubercles 



Fig 1 — A, left ventricular myocardium, showing mottling b}' graj granulomatous 
foci and a mural thrombus at the apex B, left lung, showing a peripheral nodule 
(a) and enlarged peribronchial nodes (ft) 

became confluent the typical arrangement was lost, and there was an increase in 
fibrous tissue , this change could be demonstrated extensively with Mallory s 
collagen stain A thin zone of collagen was present about the periphery of many 
of the solitary tubercles There were a few lymphocytes but no polvmorphonuclear 
leukocytes 
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The myocardium had been extensnely replaced by chronic mflammator} 
granulation tissue, in which there was fibrosis but no caseation The epicardium 
had been entirely spared and showed no thickening or infiltration The tubercles 
had a miliary distribution in the lungs but also coalesced to form nodules, in wdiich 







Fig 2 — A, roentgentogram, showing hilar infiltration B, C and D, photo- 
micrographs showing, respective!}'-, granulomatous foci in the li\er, X 32, a bron- 
chial node, granulomatous infiltration with collagenous degeneration and giant 
cells, X 32 , a subcutaneous nodule with granulomatous infiltration of striated 
muscle, X 32 


there were much fibrosis and slight bmphocytic infiltration but no caseation The 
nodules at tlie periphery of the lower lobe of the left lung had this t}pe of 
structure The peribronchial and hilar Ijmph nodes were extensnel} iinohed 
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and small areas of caseation could be seen, but they were indeed scant Many 
miliary lesions were observed in the liver, which had mainly a periportal arrange- 
ment A few lesions were observed in the spleen, testicle and wall of the alimentary 
tract 
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Fig 3 — A, a section of the left lung through the margin of the granulomatous 
nodule (a, fig 1 F), X 1554 E, a section of the left ventricular myocardium, show- 
ing granulomatous infiltration Numerous giant cells are seen, X 28 

The subcutaneous nodule removed from the left forearm was of particular 
interest in that it showed the same type of reaction as that described in the heart, 
lungs and other organs The nodule extended into the underlying muscle but 
did not involve the skin 
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COMMENT 

Clinically, sarcoid is a chronic disease It persists usually o^er a 
number of years, produces only a slight constitutional reaction, seldom 
responds to treatment, is sometimes recurrent, and most often is 
associated with a negative tuberculin reaction The clinical manifestations 
are characteiistic lesions of the skin, enlargement of the superficial 
lymph nodes and tonsils, widening of the hilar shadows of the lungs, 
as observed roentgenogiaphically, infiltiation of the peripheral fields 
of the lungs, rhinitis, iridocyclitis, enlargement of the parotid gland, 
splenomegaly and hepatomegaly Apparently the tissues of different 
persons vary markedly in susceptibility In 1 case the skin may be 
predominantly involved, in anothei the lymph nodes and in still another 
the internal oigans Cutaneous lesions aie not present in some cases 

Longcope and Pierson reported a case of Boeck’s sarcoid with 
bilateral iridocyclitis in which also the superficial lymph nodes were 
enlarged The lacrimal glands were swollen, and nodules appeared 
beneath the eyelids and in the parotid glands Roentgen examination 
of the chest revealed an enlargement of the hilar shadows and an 
infiltration of the lungs, particularly on the right side The authois 
called attention to the striking resemblance between the condition and 
that described as uveoparotitis, uveoparotid tuberculosis or uveoparotid 
fever 

Uveoparotid fever presents the same etiologic problem as saicoid 
It IS a chronic condition m which there is mild fever, bilateial uveitis 
and enlargement of the parotid glands The disease of the uveal tract 
usually leads to some impairment of vision, while the parotid glands 
return to their normal size Not infrequently there is paralysis of the 
facial nerve The tuberculin test is usually negative except m the 
presence of an active classic tuberculous lesion T 3 ^pical cutaneous 
lesions and osseous changes of sarcoid have -not been described as asso- 
ciated with the disease 

Thomson® in 1930 repoited a case of u^eoparotld fever in which 
an unusual type of diffuse tubeiculous infiltiation of the mj^ocardium 
failed to involve the parietal pericardium The lesions weie described 
as composed of endothelial cells, l}mphocytes and giant cells, without 
caseation and with demonstrable collagen fibers Miliaiy lesions w^ere 
noted in the epicardium, lungs and tracheobronchial and mediastinal 
lymph nodes The author w^as unable to identify the tubercle bacillus 
m sections but claimed to have observed it after digesting the heart 
muscle 111 sodium hydroxide 

9 Thomson, J G An Unusual Case of Diffuse Tuoerculous Infiltration 
of the ^Myocardium J Path S. Bact 33 259, 1930 
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Gailand and Thomson^® reviewed the literatuie on uveopaiotid 
fevei in 1933 and lepoited a case in which they found nnocaidial 
lesions at autopsy They considered the condition in their case to be 
miliaiy tuberculosis, although they weie willing to admit the distribution 
of the lesions was unusual They stated that the histologic appeal ance 
of the tissue was sufficiently charactenstic to warrant a diagnosis of 
tuberculosis, even though the tubeicle bacillus could not be demonstrated 
The chaiactei of the myocaidium was identical with that reported 
pieviously by Thomson, and illustiations weie included m the publication 
to stiess this point The absence of caseation was impressive, and 
collagen fibeis could be demonstrated Lesions weie noted m the lungs 
liver, kidney, uteius, parotid and submaxillar} glands The peritoneum 
uas markedly involved Theie was evidence of an old tuberculous 
infection of the mesentei ic lymph nodes, u ith caseation and calcification 
No lesions weie observed in the spleen, on either macroscopic oi micro- 
scopic examination, which is unusual in cases of miliary tuberculosis 

The classification of my case is based on the character and 
distiibution of the lesions and on my inabiht} to demonstrate an etiologic 
agent In typical miliary tuberculosis there is caseation , a primar\ 
focus can usually be found, and the tubercle bacilli can be identified in 
the lesions The disseminated type of myocaidial tuberculosis is rare 
and represents usually an extension from tuberculous pericarditis 
Thomson’s case is an exceptional one in this group In the case I ha\e 
presented the lesions differed from the classic tuberculous lesions in 
that they weie cellular and contained consideiable fibrous tissue and 
practically no caseation The myocardium was almost completely replaced 
by granulation tissue, but the parietal pericaidium was not invoked 
Sections of tissue fixed with solution of formaldehyde and Zenker’s 
solution have been stained for the tubercle bacillus by the Ziehl-Neelsen 
method, and laige pieces of lung, myocardium and lymph nodes ha\e 
been digested with antiformin (a strongly alkaline solution of sodium 
hypochlorite) and also with a solution of sodium hydroxide The 
centrifuged sediment was then stained foi acid-fast bacilli These 
attempts to identify the tubercle bacillus have been unsuccessful 

Syphilis has been considered as an etiologic possibilit\ but it is 
difficult to imagine the lesions of syphilis having such an unusual 
distribution and such an extensne myocaidial involvement The 
duration of syphilis in my case is unknown, but it is knoun that the 
patient had never received antisyphihtic theiapy Levaditi stains of 
autopsy material were prepared on two occasions and negative results 
obtained m each instance 

10 Garland, H G , and Thomson, J G U^eo-ParotId Tuberculosis, Quart 
J Med 2 157 1933 
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In Nickel son’s case of acute fulminating saicoid which was fiist 
thought to be an instance atypical tuberculosis, the pictuie resembled 
that in my case in many respects Nickerson stated that a small amount 
of fibrinoid material in the lesions is consistent with the diagnosis of 
saicoid for such fulminating conditions 

The remarkable similarity between the m 3 ' 0 caidial lesions in the 
2 repoited cases of uveoparotid fever and those in the piesent case 
may indicate some relation between the two conditions Fiom a clinical 
aspect this i elation has been suggested by Longcope and Pieison, who 
indicated that uveopaiotid fevei may be merely a clinical variation 
of sarcoid 

I do not feel that there is sufficient justification to diagnose tubei- 
culosis in my case, and the evidence presented has led me to believe 
that the condition can most satisfactorily be considered Boeck’s sarcoid 

SUMMARY 

A disseminated, chronic, infectious granuloma is reported occurring 
in a young Negio The outstanding features aie the character and 
extent of the myocardial involvement The case is considered one of 
Boeck’s saicoid, with visceral imolvement, without t}pical cutaneous 
manifestations and without active classic tuberculosis 

The similarity between the myocardial lesions m this case and those 
in 2 cases of uveoparotid fever is impressive 
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A number of clinical observations have indicated that some of the 
serious consequences of embolism of the pulmonary artery are due to 
a deleterious effect on the heait and the coronary circulation Exten- 
sive occlusion of the pulmonary circulation is usually followed by 
circulator}^ shock and an associated diminution m the cardiac output 
The usual symptom complex of embolism of the pulmonary arteiy, which 
IS characterized by marked dyspnea, cyanosis, tachypnea, substernal 
oppression, collapse of the peripheral circulation, apprehension, feeble 
pulse, profuse perspiration, ashen pallor and low blood pressure, is 
fiequently indistinguishable from the clinical picture observed in 
coronary occlusion wuth myocardial infarction This striking similarity 
in Itself suggests the possibility that the syndrome of embolism of the 
pulmonaiy arter}"- may actually lesiilt from a diminution of the coronar}'^ 
circulation and associated ischemia of the myocardium The charac- 
teristic electrocardiogram in cases of embolism of the pulmonary artery 
IS frequently identical wuth or almost indistinguishable from that in 
cases of infarction of the posterior wall of the left ventricle The fre- 
quency and the nature of these electi ocardiographic abnormalities 
further suggest that the heart is the site of a secondary ischemic altera- 
tion In some cases, sudden death following multiple small emboli in 
relatively few branches of the pulmonary aitery cannot be reasonably 
ascribed to a significant interfeience wuth the pulmonaiy circulation A 
reflex or secondaiy effect on the coionaiy cii dilation and myocaidium 
has consequently been invoked to explain such an occurience 

PATHOGENESIS OF CARDIAC SEQUELAE AND CAUSE OE DEATH 
IN EMBOLISM OE THE PULMONARY ARTERY 

On the basis of numerous expeiimental and clinical obseivations, 
a number of mechanisms have been adduced to explain the manner in 
which embolism of the pulmonary arteiy may affect the circulation and 

From the Medical Services and the Laboratories of the Mount Sinai Hospital 
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cause death It is extremely difficult to dissociate the individual factors 
concerned, partly because seveial of them may act simultaneously and 
partly because they have an important influence on each other For 
purposes of discussion, however, the various factors may he analyzed 
individually The mam cardiac effects of embolism of the pulmonary 
artery are due either (A) to mechanical obstruction of the pulmonar} 
artery with strain on the right ventricle or (B) to myocardial ischemia 
The latter may result fiom shock, generalized anoxemia or vagal reflexes 
from the lungs to the coronary vessels 

A Ohstnickon of the Puhnonaty Aiteiy — The mechanical effect 
of embolism of the pulmonary arter}^ on the circulation may be ascer- 
tained from the results obtained by experimental occlusion of this 
artery or its branches Various experiments ^ have shown that extieme 
degrees of obstruction of the pulmonary artery (80 per cent of the lumen 
01 more) are necessary to effect a significant reduction m the sjstemic 
blood pressure or to cause death At the same time, almost complete 
occlusion of the pulmonary artery induces dilatation of the right \en- 
tricle While more moderate degrees of obstiuction of the arteiy are 
not followed by dilatation of the right ventricle, they may increase the 
pressure within that chamber as well as in the pulmonary aitery proximal 
to the obstruction Thus moderate obstruction of the pulmonary arteiy 
may lesult in evidence of strain on the right ventricle even when there 
IS no visible dilatation ^ 

Clinical observations on human beings indicate that in many instances 
of embolism of the pulmonary artery there is actually sufficient mechan- 

1 (oi) Welch, W H Zur Pathologic des Lungenodems, Virchov^s 

Arch f path Anat 72 375, 1878 (b) Gerhardt, D Expenmentelle Beitrage 

zur Lehre vom Lungenkreislauf und von der mechanischen Wirkung pleuritischer 
Ergusse, Ztschr { klin Med 55 195, 1904 (c) Mann, F C Pulmonar} 

Embolism, J Exper Med 26 387, 1917 (d) Dunn, J S The Effects of Mul- 
tiple Embolism of the Pulmonary Arterioles, Quart J Med 13 129, 1920 (e) 

Tigerstedt, R Die Physiologic des Kreislaufes, Berlin, W de Gruyter & Co , 1923 

if) Schlaepfer, K Ligation of the Pulmonary Artery of One Lung With and 
Without Resection of the Phrenic Nerve, Arch Surg 9 25 (July) 1924 

ig) Haggart, G E , and Walker, A M Physiology of Pulmonary Embolism 

as Disclosed by Quantitatue Occlusion of the Pulmonary Arter}, ibid 6 764 
(May) 1923 (/i) Gibbon, J H , Jr , Hopkinson, M, and Churchill, E D 

Changes in the Circulation Produced by Gradual Occlusion of the Pulmonar} 
Artery, J Clin Investigation 11 543, 1932 (i) Hall, G E, and Ettinger, G H 
An Experimental Study of Pulmonary Embolism, Canad M A J 28 357, 1933 
(;) Gibbon, J H, Jr, and Churchill, E D Physiology' of Massne Pulmonar} 
Embolism, Ann Surg 101 811, 1936 (b) Jackson, D E, and Jackson, H L 

Physiologic Consideration Regarding the Etiology and Nature of Coronary 
Thrombosis, J Lab & Clin Med 22 329, 1937 

2 Fineberg, M H , and Wiggers, C J Compensation and Failure of the 
Right Ventricle, Am Heart J 11 255, 1936 Haggart and Walker is 
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ical obstruction to produce dilatation of the right side of the heart and 
significant diminution in caidiac output and systemic blood piessure 
In such instances, the embolic mass either blocks the mam stem of the 
pulmonary artery or exists as multiple foci, occluding the lumens of 
seveial smallei branches and producing thereby a similar effect McGinn 
and White ® applied the term acute cor pulmonale to a clinical picture 
which they said was due to the sudden dilatation of the right side of 
the heart incident to a high degree of obstiuction of the pulmonary 
artery Of 8 of their patients with embolism of the pulmonary artery, 
dilatation of the artery was observed in all but 3 The absence of 
dilatation in the 3 cases was attributed to failure of the right ventricle, 
shock or the inability of blood to pass beyond the area of obstruction 
Churchill * also reported observations on patients operated on for 
embolism of the pulmonary artery in whom the artery was greatly dis- 
tended, but he occasionally noted that the aiteries were collapsed He 
explained the latter obseivation as indicative of failure of the right 
ventricle Earlier leports of maiked dilatation of the pulmonary artery 
following embolism may be cited ^ 

Additional evidence of the mechanical effect of embolism of the 
pulmonary artery on the right side of the heart resides in the following 
clinical and electiocardiogiaphic observations White and his asso- 
ciates ° and Loid ‘ noted an accentuation of the second pulmonic sound, 
which they intei preted as indicating increased pressure in the pulmonary 
artery Similarly, they, as v ell as Litten,® reported a thrill and a to and 
fro murmur ovei the pulmonic area due to obstruction to the outflow 
of blood from the right ventricle and dilatation of the pulmonary arter} 
Gallop rhythm was attributed to the same cause Mention was made 

3 McGinn, S , and White, P D A.cute Cor Pulmonale Resulting from 
Pulmonarj’- Embolism Its Clinical Recognition, JAMA 104 1473 (April 27) 
1935 

4 Churchill, E D The Mechanism of Death in Massive Pulmonary 
Embolism, Surg, Gjmec & Obst 59 513, 1934 

5 Farr, C E , and Spiegel, R Pulmonary Infarction and Embolism, Ann 
Surg 89 481, 1929 Hampton, H H , and Wharton, L R Venous Thrombosis, 
Pulmonary Infarction and Embolism Following Gynecological Operations, Bull 
Johns Hopkins Hosp 31 95, 1920 

6 (a) White, P D , and Brenner, O Pathological and Clinical Aspects of 

the Pulmonary Circulation, New England J Med 209 1261, 1933 (b) White, 

P D The Acute Cor Pulmonale, Ann Int Med 9 115, 1935 (c) McGinn and 
White 3 

7 Lord, F T Diseases of the Bronchi, Lungs and Pleura, Philadelphia, 
Lea & Febiger, 1925, p 483 

8 Litten, M Ueber Verengerungen im Stromgebiet der Lungenartene, 
uber deren Folgen und die Moghchkeit dieselben wahrend des Lebens zu diag- 
nostizieren, Berl klin Wchnschr 19 425, 1882 
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also of the occurrence of failure of the right side of the heart in cases 
of embolism of the pulmonary artery as a result of the increased load 
on the right ventricle The chief evidence of this was the engorgement 
of and elevation of pressure m the superficial veins of the neck Finall}, 
electrocardiogiams made in cases both of experimental obstruction of 
the pulmonary artery “ and of embolism of the artery in man not 
infrequently revealed the development of deviation of the electrical axis 
to the right, a laige and a negative T 3 wave, all of winch ma} be 
consideied evidence of strain on the right ventiicle 

B Myocaidml Ischemia — Sudden obstiuction of the pulmonar) 
arteiy leads to a numbei of changes which tend to produce mjocardial 
ischemia The ischemia ma}' be eflfected by three factois. namely, (1) 
shock, which is associated with a diminution of the cardiac output and 
the systemic blood pressuie, ( 2 ) anoxemia lesulting from interference 
with the pulmonary circulation and diminished oxygenation of the 
blood, and (3) reflexes by way of the vagus nerve, which may pioduce 
a diminution of the cahbei of the coionaiy aiteiy and the blood supply 
to the myocardium 

1 Shock IS a fiequent clinical featuie in cases of embolism of the 
pulmonary arteiy In such cases there is a maiked fall in blood piessuie 
and cardiac output, occasionally to the point where neither the blood 
piessuie nor the pulse can be obtained These cases correspond to the 
experiments 111 which almost the entiie pulmonaiy vasculai bed has 
been occluded The direct effect of the marked diminution in blood 
piessuie (and consequently in aortic piessuie) is to reduce maikedly 
the coionary blood flow In addition, reduced blood piessnre may 
mdiiectly cause myocaidial anoxemia by mteifermg with the pulmonaiy 
aeiation of the blood and by possible reflex influence on the coionai) 
aiteiies, which will be discussed latei 

2 Asphyxia is anothei common accompaniment of embolism of the 
pulmonaiy arteiy, and not infrequently pionounced degiees of dyspnea 

9 (a) Otto, H L The Effect of a Sudden Increase in the Intracardiac 
Pressure upon the Form of the T-Wave of the Electrocardiogram, J Lab ^ Clin 
Med 14 643, 1929 (b) Cnep, L H Electrocardiographic Studies of the Effect 
of Anaph\laxis on the Cardiac Mechanism, Arch Int Med 48 1098 (Dec) 
1931 (c) Anderson, J P Electrocardiographic Findings m Experimental Pul- 

monary Embolism, abstracted. Am Heart J 9 104, 1933 (d) Buchbinder, W C , 
and Katz, L N The Electrocardiogram m Acute Experimental Distension of 
the Right Fleart, Am J M Sc 187 785, 1934 (c) McGinn and \Yhite “ 

10 Langendorf, R , and Pick, A EKG-Befundc bei Lungenembohe, Acta 
med Scandmav 90 289, 1936 Barnes, A R Diagnostic Electrocardiographic 
Changes Obser\ed Following Acute Pulmonary Embolism, Proc Staff Meet, 
Majo Clin 11.11, 1936, Pulmonarj Embolism, JAMA 109 1347 (Oct 23) 
1937 McGinn and White 
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and cyanosis are striking clinical manifestations Experimentally, 
Gibbon and Churchill noted that while the blood pressure did not 
fall, even with occlusion of 85 per cent of the pulmonary vascular bed, 
a distinct oxygen unsaturation of the aiterial blood occurred when more 
than 40 per cent of the pulmonar} vascular bed had been occluded 
The occurrence of varying grades of asphyxia could explain many of 
the clinical and experimental features of embolism of the pulmonary 
artery, for these, as well as the electrocardiographic changes observed, 
are similar to or identical with the manifestations of asphyxia pioduced 
by factors other than embolism Criep®'^ observed that m the rabbit 
the cardiac changes following acute asphyxia and those following clamp- 
ing of the pulmonary arteiy are essentially the same McGinn and 
White ^ noted that the electiocardiographic changes following occlusion 
of the pulmonary arter}' in cats weie similai to those observed in 
asphyxiated cats by Lewis and Mathison Furtbeimore dilatation of 
the right chambers of the heait may also be attributed to asphyxia,^ 
but it IS difficult to dissociate this factor from the possible mechanical 
effect of vascular obstruction in embolism 

3 The evaluation of the impoitance of reflexes m controlling the 
coronary blood flow, as recently emphasized by Wiggers,^^ is beset with 
many difficulties Although the piesence m the Aagus and sympathetic 
nerves of fibeis for vasomotor control to d‘'e coronarj arteries is well 
established, there is some difteience of opinion as to their exact dis- 
tribution in these nen^es The weight of opinion appears to indicate 
that the constrictor fibers to the coronary aitery are found in the vagus 
nerve and the dilator fibers in the sympathetic Anrep and Segall 
found that the coronary flow inci eased after section of the vagus nerve 

11 (o) Edens, E Die Krankheiten des Herzens und der Gefasse, Berlin, 

Julius Springer, 1929 (b) Averbuck, S H The Differentiation of Acute 

Coronarj’- Artery Thrombosis from Pulmonar^ Embolization, Am J M Sc 187 
391, 1934 (c) Master, A M , Jaffe, H L , and Dack, S The Clinical and 

Electrocardiographic Differentiation of Coronary Thrombosis from Pulmonarj 
Embolism, J Mt Sinai Hosp 3 288, 1937 

12 Lewis, T , and Mathison, G C Auriculoventricular Heart-Block as a 
Result of Asphyxia, Heart 2 47, 1910 

13 Wiggers, C J The Physiology of the Coronary Circulation, in Lev\, 
R L Diseases of the Coronarj'^ Arteries and Cardiac Pam, New York, The 
Macmillan Company, 1936 

14 (c) Porter, W T The Vasomotor Nerves of the Heart, Boston M & 

S J 134 39, 1896 (6) Wiggers, C J The Innervation of the Coronary Ves- 
sels, Am J Physiol 24 391, 1909 (c) Anrep, G V, and Segall, H N The 

Regulation of the Coronary Circulation, Heart 13 239, 1926 (d) Rem, H 

Die Physiologie der Coronardurchblutung, Verhandl d deutsch Gesellsch f inn 
Med 43 246, 1931 (e) Greene, C W The Nerve Control of the Coronary 

Vessels, Am J Physiol 113 361, 1935 
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while it diminished \\hen the ^agus nerve was stimulated with the 
heart rate controlled These observations ha^e been corroborated by 
Rein/'*'^ Wiggers and others, who have shown m addition that the 
vasoconstrictor effect of \agal stimulation on the coronary arteries 
could be abolished by atropine Other obser\ ations appear to show 
that the coronary flow is affected by a change in heart rate and blood 
pressure It is possible that the effect of \agal stimulation also may 
be mediated through changes m rate and blood pressure, rather than 
through a vasoconstrictor effect 

Edens attributed some importance to vagal influence in embolism 
of the pulmonary artery and expressed the opinion that cardiac dys- 
function and death are due to vagal stimulation lather than to obstruction 
of the artery A significant relation of embolism of the pulmonary 
artery to cardiac function via reflex effect is suggested by certain experi- 
mental studies Direct or reflex stimulation of the endings of the a agus 
nerve m the lungs or pleura of animals has been shown to result in 
a decrease m heart rate and blood pressure Strueft and Villaret 
and his co-workers demonstrated that a more significant reflex effect 
on the heart resulted from small rather than from large emboli of the 
pulmonary arteries The latter authors expressed the belief, further, 
that such reflex effects from stimulation of the terminals of the vagus 
nerve in the pulmonary arterioles are responsible for sudden death 
from embolism when there is relatively little obstruction of the pul- 
monary vascular bed 

Recently Scherf and Schonbrunner attempted to demonstrate the 
importance of vagal reflexes in dogs by producing embolization of the 
pulmonary artery without significant obstruction of the pulmonary 
circulation Despite lemo^al of the obstructive factor, significant elec- 
trocardiographic changes such as are seen in embolism of the pulmonary 
artery in man were observed in 2 of 10 dogs The investigators con- 

15 Miller, G H , Smith, F M , and Graber, V C The Influence of Changes 
in the Cardiac Rate and Irregular Action of the Heart on the Coronary Cir- 
culation, Am Heart J 2 479, 1927 

16 (a) Brodie, T G , and Russel, A E On Reflex Cardiac Inhibition, J 

Physiol 26 92, 1900-1901 (b) Capps, J A , and Lewis, D Observations upon 

Certain Blood-Pressure Lowering Reflexes That Arise from Irritation of the 
Inflamed Pleura, Am J M Sc 134 868, 1907 (c) Strueff, N Zur Frage der 
bakteriellen Lungenembohe, Virchows Arch f path Anat 198 211, 1909 

17 Villaret, M , Justm-Besangon, L, and Bardin, P Phj sio-pathologie 
des accidents mortels consecutifs aux embolies pulmonaires. Bull et mem Soc 
med d hop de Pans 52 936, 1936, Recherches sur la prevention experimentale 
des accidents consecutifs aux embolies pulmonaires, ibid 52 941, 1936 

18 Sclierf, D , and Schonbrunner, E (a) Ueber Herzebefunde bei Lung- 
enembohen, Ztschr f klin Med 128 455, 1935, (b) Ueber der pulmocoronaren 
Reflex bie Lungenembolien, Klin Wchnschr 16 340, 1937 
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eluded that these changes had resulted from diminution m the coionary 
flow pioduced reflexly by leaction of constiictoi fibers in tlie vagus 
nerve 

From the foiegoing evidence, it seems that ^asomotol reflexes ma} 
play a significant lole m the effect of embolism of the pulmonary artery 
on coionary flow and cardiac action Direct evidence of the impoitance 
of these leflexes in this condition in man is lacking Their possilile 
effect IS confused by the many simultaneous changes which aie induced 
Thus, even if one accepts the belief that embolism of the pulmonary 
aiteiy diminishes the coionaiy flow by vagal stimulation, the concomitant 
fall 111 blood pressure and increase in cardiac late, as iiell as the i educ- 
tion in cardiac output and anoxemia, iiould tend to modify the effect 
Furtheimore, the leflex stimulus, if present, Mould not only affect the 
coionaiy flow but ivould also induce a caidiomhibitory action on the 
heait with sloiving of the heart lale, delay in conduction and possibl} 
even cardiac standstill 

Most obseivers have failed to note an}' organic myocardial altera- 
tions M'hich might be anticipated as a lesult of the obstructive, anoxeinic 
and leflex factois discussed In many of the leports of cases of 
embolism of the pulmonary ailer} in which there w'ere postinoitem 
examinations a distinct statement is made that the coionary arteiies 
were patent and that the myocaidiuin showed no significant abnoimality 
which could be asciibed to the embolism Recently Kroetz and his 
co-w'oi kers reported that the hearts of 12 patients wdio had died of 
embolism of the pulmonai}' arteiy showed no fiesh, ischemic necrosis of 
the myocaidiuin, except when thiombotic arterial occlusion w'as asso- 
ciated In the absence of detailed protocols and descriptions, especial!} 
as to the location and extent of the emboli and the duration of life aftei 
embolization, we cannot comment on these observations The state- 
ment that abnormal electrocardiographic signs w'eie not demonstrable 
aftei repeated embolization of the pulmonaiy aiteiy m dogs is contrar} 
to the experience of other investigators ” 

On the other hand, w'e have been able to find 2 repoits in the htera- 
tuie in w'hich mention is made of myocaidial changes following obstiuc- 
tion of the pulmonaiy artery Bosw'ell and Palmer obserA'ed a case 
of progressive thrombosis of the pulmonary arteiy in which subendo- 
caidial myocaidial degeneration and fragmentation were noted in the 

19 (ff) Eckardt, in discussion on Tliaddea, S Ueber Elektrokardiogramm- 
veranderungen im Nebennierencoma und ihre Beeinflussung durch das Neben- 
nierennndenhormon, Verhandl d deutscli Gesellsch f inn Med 48 354, 1936 
{b) Kroetz, C Das Herz bei akuten Storungen der Lungendurchblutung und 
der Lungenbeatmung, abstracted, Klin Wchnschr 17 366, 1938 

20 Boswell, C H , and Palmer, H D Progressive Thrombosis of the Pul- 
monary Artery, Arch Int Med 47 799 (Mai ) 1931 
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absence of coionaiy occlusion Hainbuiger and Saphir described 
an instance (their case 4) of embolism of the pulmonar} artei} m which 
a m}Ocardial infarct was associated with coronary sclerosis, but iMthout 
acute coronary occlusion 

MATERIAL AKD METHODS 

In a study of the hearts m 42 cases of embolism of the pulmonai} 
artery we observed acute ischemic myocardial damage in 8 (table) 
Since systematic and diligent search failed to reveal recent coronary 
occlusion in any of these, we believe the myocaidial damage may be 
related to embolism of the pulmonai y artei y In 2 of the hearts there 
were minute but grossly visible focal areas of necrosis In the remain- 
ing heaits with recent myocardial damage the abnormalities were dis- 
covered only after a detailed histologic study 

The hearts which revealed recent m 3 'ocardial changes and some of those which 
did not were studied in the fresh state as well as after fixation On the other 
hand, many of the hearts in which no such abnormalities w'ere observed at the 
time of autopsy either were available only as fixed specimens or were not 
obtainable for reexamination When the hearts were not available for examina- 
tion the data were based on the routine protocol descriptions and on restudj of 
the routine slides w’hich had been saved In the other instances the specimen w'as 
studied in the following manner 

All the major branches of the coronary arteries were systematically in\esti- 
gated Transverse sections were made throughout tlie course of each branch at 
intervals of 2 to 3 mm Any suspicious site W’as sectioned in greater detail and 
studied histologically Wheneier possible, the following branches were cut the 
left anterior descending artery and its primary and secondary rami, the left 
circumflex artery and its branches to the anterior wall of the left ventricle, 
to the obtuse margin of the heart and to the posterior wall of the left ventricle , 
the mam right coronary artery , the right circumflex artery and its branches to the 
posterior interventricular sulcus and to the posterior wall of the left M.ntricle, 
and the branches of the right coronary artery to the anterior and posterior walls 
of the right ventricle and to the acute margin of the heart The branches to 
the auricles were also examined but were frequently of minute caliber or could 
not be followed In addition to searching for occlusion of the coronarj- arteries, 
w'e noted the degree of sclerosis and narrowing of these vessels and their 
ostiums and graded the changes as 1 to 4 plus according to severity 

The various portions of the m\'Ocardium were examined systematicallj for 
gross abnormalities, notes were made of the appearance of the anterior and 
posterior w^alls of the various cardiac chambers, of the left and right sides of 
the interventricular septum and of the papillary muscles Then histologic sec- 
tions were made from each of these regions, particularh from those areas which 
we suspected on gross examination to be abnormal Finallj, the pericardium, 
the endocardium and the vahes w’ere obser\cd for abnormalities and the weight 
of the heart and the size of the cardiac chambers noted The clinical historv 

21 Hamburger, W W , and Saphir, O Pulmonary Embolism Complicating 
and Simulating Coronary Thrombosis, M Clin North America 16 383, 1932 
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and the extracardiac pathologic changes were studied in order to evaluate the 
role of various possible factors in the production of mj'ocardial disease and 
coronary insufficiencv In the selection of our cases those were eliminated from 
study in which there was evidence of infection because of the possible effect 
of such infection on the myocardium 


REPORT or CASES 

The following aie protocols of 4 of the 8 cases in which acute 
ischemic myocaidial changes were observed without concomitant recent 
coronary occlusions For the sake of brevity, 4 of the cases, in which 
theie were definite but less marked myocardial alterations, are omitted 
from detailed consideration 

Case 1 — A woman aged 54 had been observed for four jears beeause of 
h>pertensne heart disease During this period she suffered from precordial pres- 
sure, dyspnea on exertion, attacks of nocturnal dyspnea, headaches, vertigo and 
weakness The sjstohc blood pressure had ranged between 200 and 250 and the 
diastolic pressure betw'een 100 and 130 mm of mercury Electrocardiograms 
(fig I A) had revealed left axis deviation, high voltage of the QRS complex, 
depression of the RS-T intervals in leads I and II and inversion of Ti, T: and 
Ti These changes were ascribed to enlargement of the left ventricle Three 
weeks before admission to the hospital she suffered right hemiplegia Four davs 
before admission nausea, vomiting, weakness and increasing dvspnea had developed 

Examination on admission revealed a pale, drow'sy woman Her heart was 
moderately enlarged to the left, and her heart sounds were of poor quality 
A loud, harsh sjstohc murmur and a svstohc thrill over the entire precordium 
were now present The blood pressure had fallen to 130 mm of mercury sjstolic 
and 80 mm diastolic An electrocardiogram (fig IB) showed partial heart 
block, with frequent dropped beats The RT transitions were now markedly 
depressed in leads I, II and IV The following day the heart block disappeared, 
but the marked tachycardia and the deviations of the RT transition persisted 
(fig IQ 

On the day after admission the patient’s blood pressure dropped to 88 mm 
of mercury systolic and 70 mm diastolic , the temperature rose to 101 6 F , 
and the leukocjte count to 20,000 per cubic millimeter She became more 
djspneic and cyanotic, the respiratory rate rose to 50, and numerous moist rales 
appeared in both lungs Chevme-Stokes respiration developed, and the patient 
died three da 3 ’^s after admission 

The postmortem diagnosis was thrombosis of the common, external and internal 
iliac v'ems, with repeated embolization of the pulmonarj' arteries , infarction of 
the low'er lobes of the lungs, hypertroph} of the heart, with dilatation of the 
auricles , slight coronarj arteriosclerosis without narrov\ ing , focal mvocardial 
infarction, and chronic cholecv’stitis and cholelithiasis, with focal fatty necrosis of 
the pancreas 

The heart appeared moderate!}' enlarged and weighed 430 Gm The right 
auricle was dilated and its musculature somewhat thickened The wall of the 
right ventricle was slightly hypertrophied, but there was no dilatation of the right 
ventricular chamber Immediately proximal to the pulmonary conus was pro- 
nounced bulging of the interventricular septum into the cavity of the right 
v'entricle The pulmonic ring was not w'ldened A coiled, tubular, gray-red 
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thrombus, with dull and granular surface, filled the mam stem of the pulmonarj 
artery It extended from the le\el of the pulmonic ring into the left pulmonary 
artery and its branches, but only slightly into the right pulmonary stem The 
embolus in the left pulmonary artery was seen to be adherent to the intima of 
that artery and its smaller divisions The wall of the left auricle i\as slighth, 
and that of the left ventricle markedly, h 3 'pertrophied The subendocardial portion 
of the myocardium, especially m the interventricular septum and the papillary 
muscles, but also along the anterior and the septal aspect of the left ^entrlcle, 
showed yellowish brown and moist red mottling Similar changes of less degree 
were observed in the right ventricular subendocardial myocardium Fine gra^ 
perivascular streaks were scattered m the deeper portions of the left Aentncular 



Fig 1 (case 1) — Electrocardiograms A, two years before admission, regular 
sinus rhythm, rate 110, marked preponderance of the left ventricle and high 
voltage of the QRS complex The T wave is deeply inverted in leads I and IV 
and diphasic in lead II The record is characteristic of enlaigement of the left 
ventricle as seen in cases of long-standing hjpertension B, one day after admis- 
sion , incomplete aunculoventncular dissociation, with frequent dropped beats , 
auricular rate 150 , ventricular rate 100 to 140 The RS-T transition is markedh 
depressed in leads I, II and IV The T wave has become diphasic in leads I and 
II, low m lead III and upright in lead IV C, two dajs after admission, regular 
sinus tachycardia, rate 140, with normal aunculoventncular conduction The 
depression of the RS-T transition in leads I, II and IV is more marked, there is 
also a slight depression in lead III 


myocardium The coronary ostiums were normal The coronary' arteries revealed 
only slight intimal thickening, without encroachment on the lumen and v\ithout 
anj' occlusions 
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Histologic examination of multiple sections of the left ventricle (figs 2 
and 3) revealed widely scattered myofibrils which had undergone necrosis, 
fatty change and vacuolation, with reactive foci of polymorphonuclear leukocytes, 
small round cells and fibroblasts There were also foci of edematous connective 
tissue Sections of the wall of the right ventricle revealed, in addition to tinctorial 
changes, such as smudgy eosinophilic staining of the fibrils with loss of striation, 
necrosis of the myofibrils, fatty change, scattered interstitial polymorphonuclear 



Fig 2 (case 1) — Section of the left \entricle (X ISO), showing severe myo- 
degeneration and cellular infiltration 


leukocytes and proliferation of young, interstitial fibroblasts Sections of the 
auricular myocardium showed peculiar tinctorial changes indicating degeneration 
of the myofibrils 

Comment — This patient, who was known for four yeais to have 
severe hypertension and electrocardiographic changes which occur in 
hypertension, had few or no evidences of heart failuie three weeks 
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befoie admission, when she suffeied hemiplegia It is highl} probable 
that the \enous thrombosis developed dm mg the three weeks of lest 
m bed which followed this ceiebral accident The embolism of the 
piilmonan arter} piobably occuired in the week befoie admission, 
during which time severe d3'spnea, w^eakness, vomiting, a fall in blood 
piessuie and iiiegular cardiac rhj'thm were piesent The development 



Fig: 0 (case 1) — Section of the left lentncle (X -100), showing focal necrosis 
of the myocardium, with reactive infiltration of poh morphonuclear leukocytes 

of a loud, haish systolic murmur and a s3stoIic tin ill and the practical 
absence of a second sound were undoubtedl3 due to pulmonary stenosis 
caused b3 the extension of the embolus m the pulmonar3 aitei3 thiough 
the pulmonic iing with occlusion of the ptilmonart onfice -- The 

22 White and others (footnote 6) Lord" Litten * 
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marked depression of the RS-T transitions and the development of 
heart block weie the consequences of the embolism The occasional 
occurrence of heart block in coronary thrombosis and in experimentally 
induced anoxemia suggests that in this case also it was due to myo- 
cardial changes resulting from embolism of the pulmonary arteries Of 
interest are the observations of am iculoventricular dissociation by 
Fiommel’" and McGinn and White ^ in expeiimental occlusion of the 
pulmonar}'- vessels Histologic studies revealed that the emboli in the 
present case weie in vaiious stages of organization, which indicated 
that there had been multiple embolization at different times during the 
past week The recent distinct imocaidial changes, seen both giossly 
and micioscopicalh , could not be ascribed to organic coronary disease 
since this was minimal and there was neither narrowing nor occlusion 
of the coronal y vessels 

Case 2 — A. man aged 44 had suffered from mild djspnea on exertion for 
one vear and increasing djspnea and orthopnea for two or three months He 
had also had substernal burning on w’alking against the wind Three weeks 
before admission, while he w'as walking on the street, sudden severe pain developed 
in the right scapular region, which was aggravated b\ respiration and cough He 
became djspneic, so that he had to go to bed, but the sjmptoms all subsided in 
one hour The next dav the svinptoms recurred for two and one-half hours and 
were followed bj' a cough and bloodv expectoration 

On examination the patient was found to be djspneic ana orthopneic There 
was duliiess to flatness at the base of the right lung posteriori v, where diminished 
breath sounds and fine moist rales were heard The heart was enlarged to the 
right and left, the heart sounds were of good quahtv, and there was a short rough 
svstohc murmur at the base of the heart The second aortic sound was louder 
than the second pulmonic The blood pressure w'as 140 mm of mercurv svstohc 
and 80 mm diastolic The liver was not palpable There was edema of both 
feet The venous pressure was 4 5 cm of water, the saccharin circulation time 
twentv-two seconds, the vital capacitj 1,100 cc , the temperature 101 F and 
the white blood cell count 15,600 per cubic millimeter 

The clinical diagnosis on admission was coronarj^ sclerosis, congestive heart 
failure and pulmonarj' infarction Fluid developed at the bases of both lungs 
The venous pressure remained the same, and the circulation time became normal 
A teleroentgenogram of the chest showed slight enlargement of the left ventricle, 
elevation of the diaphragm, thickened pleurae, a small pleural effusion on the left 
and infiltration of the lower lobe of the left lung An electrocardiogram (fig 4) 
revealed left axis deviation, a large Qa, a large Si and deep mv'ersion of Ta 
The QRS complex w'as M shaped in lead II Ten daj^s after admission pre- 
cordial oppression and air hunger, restlessness and cjanosis suddenlv developed 
The patient’s heart sounds became feeble, and he died fifteen minutes later 

23 Resmk, W H Observations on the Effect of Anoxemia on the Heart 
I Aunculo-Ventricular Conduction, J Clin Inv^estigation 2 93, 1925 Lewis and 
Mathison 

24 Frommel, E Les troubles du rhj'thme cardiaque au cours de I’embolie 
pulmonaire, J de plij^siol et de path gen 26 247, 1928 
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The postmortem diagnosis was multiple emboli of the pulmonary artery and 
Its branches, multiple infarcts of the lower lobe of the right lung, sclerosis of the 
coronary arteries wnth narrowing, especially of the right circumflex arterj , 
mvofibrosis of the posterior wall of the left ventricle, hypertrophy of the left 
\entricle, and nephrosclerosis The site of origin of tlie embolus could not be 
ascertained, because the incision at autopsy w^as limited 

The heart weighed 350 Gm The right auricle was slightly dilated and con- 
tained w'lthin its lumen two free, gravish red, granular, friable masses The right 
\entricular chamber w'as moderately dilated and contained coiled embolic masses 



Fig 4 (case 2) — ^Electrocardiogram made on admission, regular sinus rhythm, 
rate 90, dei lation of the axis to the left There arc a deep Si and a deep Q The 
QRS complex is M shaped in lead II T is in\erted The record is suggcstne of 
either posterior myocardial infarction oi embolism of the pulmonary arteri 

similar to those m the right auricle The lumen of the lelt mam trunk of the 
pulmonary arter^ contained a granular, bloodlike, cyhndric bod\, which extended 
into the right mam branch and the branch to the low’Cr lobe of the right lung 
and occluded the latter The embolus m the main right pulmonary artery had 
become adherent to the intimal surface The myocardium of the posterior wall of 
the left ventricle show^ed an extensne, stellate, gray -white, firm, fibrous zone 
The coronary ostiums w'ere patent There was widespread sclciosis of the coronar\ 
arteries, especially of the right, with moderate narrowing of the lumens 
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Histologic examination of various portions of the left ventricle revealed focal 
areas of myomalacia, with subendocardial hemorrhage, vacuolar degeneration of 
the myofibrils, scattered proliferation of mesenchymal cells and occasional wide 
zones of interstitial polymorphonuclear leukocytes There was also evidence of 
patchy fibrosis and a moderate degree of fatty change Sections through the right 
ventricle showed evidence of mvodegeneration, with an occasional polymorphonu- 
clear leukocytic reaction 

Comment — This patient had apparently sufteied from mild anginal 
symptoms and recent slight failiiie of the left side of the heart probably 
due to an organized myocardial infarct The s^\elhng of the right 
ankle three weeks befoie admission may have indicated the occurrence 
of thrombophlebitis of the right leg, from ^^hlch subsequent embol- 
ization of the pulmonary aitery occurred Undoubtedly the first 
embolism took place three da3’^s before admission, when the patient 
had the sharp thoracic pain and dyspnea, while the hemoptysis on the 
day before admission must be consideied indicative of pulmonary 
infarction There had been mild symptoms of failure of the left side 
of the heart for thiee months, but they had disappeaied shortly after 
admission, at which time the circulation time and venous pressure were 
normal During the ten subsequent days, before final embolism caused 
death, there was evidence neither of cardiac failure nor of shock The 
electrocardiogram made on admission showed the changes which are 
accepted as common in cases of embolism of the pulmonary artery but 
which might more probably have been due to an organized infarct of 
the posterior wall of the left ventricle Post moitem examination 
revealed acute myocardial changes which could not be accounted for 
by any recent coronary occlusion 

Case 3 — A housewife aged 58 had suffered from bleeding hemorrhoids for 
many years Four and a half months before admission pain de\ eloped in the 
left upper quadrant of the abdomen, associated vith slight fever Five dais 
before admission there iiere symptoms of intestinal obstruction Except for 
abdominal distention and the presence of external and internal hemorrhoids, the 
physical examination showed no abnormality The size and sounds of the heart 
were normal The blood pressure was 140 mm of mercury svstohe and 80 
mm diastolic 

With the patient under spinal anesthesia, a cecostomy was performed for 
carcinoma of the descending colon The patient’s convalescence was uneventful 
until the eighth day after operation, when she suddenly vent into coma and became 
pale and slightly cyanotic Her respirations were stertorous and rapid She died 
ten minutes later 

The postmortem diagnosis was massive recurrent embolism of the pulmonary 
artery , carcinomas of the descending and sigmoid colon, with hepatic and 
mesenteric metastases , localized fibrinous peritonitis at the site of cecostomj , 
hypertrophy of the heart , pulmonary congestion and edema , hydrothorax on 
the left side, dilatation of the right auricle and ventricle, and coronary sclerosis 
without narrowing Permission for necropsy did not allow a peripheral search 
for the origin of the thrombus 
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The heart weighed 465 Gm The right auricle was considerably dilated The 
right ventricle w>as moderately dilated, and its trabeculae carneae were consider- 
ably flattened Within the right ventricular chamber and extending into the 
pulmonary artery were se\eral portions of an inelastic, grayish red blood clot, 
approximately 7 cm in length and 1 5 cm m width This clot extended also 
into the medium-sized ramifications of the pulmonary artery The coronary ostiums 
and vessels were widely patent throughout Their w^alls show'ed only a moderate 
number of flat, intimal arteriosclerotic plaques 

Histologic examination of the septum revealed scattered foci of fatty change 
and glycogen There w'ere several localized areas of necrosis, with early cellular 
response of polymorphonuclear leukocytes and lymphocytes These foci W'cre 
situated chiefly m the subendocardial zones There were also patches of edematous 
and young (cellular) connective tissue Within the right ventricle w'ere slightly 
patchy cellular zones of connective tissue 

Comment — In this case the previous histoiy was not suggestive of 
cardiac disease Evidence of massive embolism of the pulmonary arteiy 
first appeared on the eighth day aftei an opeiation, possibly from a 
thrombus in the veins of the lower extiemities The appearance of 
the lungs suggested lepeated embolization Death occurred within ten 
minutes aftei the onset of collapse Acute microscopic cardiac damage 
was observed, without any noteworth}' concomitant coronary disease 

Case 4 — An actress aged 75, who had had rheumatic fever in childhood 
and had known that she had valvular heart disease for at least twenty years, 
had been free from s^mptoms until four years before admission, when dyspnea 
and precordial pain de\ eloped on exertion Two w’eeks before admission, while 
rehearsing in a plav, she became markedly dyspneic when at rest and orthopneic 
Six days before admission she had a sharp attack of dyspnea and substernal 
pressure, wdiich radiated to the back These sjmptoms increased until she was 
admitted to the hospital 

Examination revealed an orthopneic and djspneic w'oman in severe shock, 
with marked pallor of the skin and cyanosis of the extremities, especially of the 
nail beds The respiratory rate was 36 and the pulse rate 124, per minute The 
skin w'as cold and moist, and the veins of the neck W'ere full, but those of the 
extremities were collapsed The heart w'as enlarged to the left, and the heart 
sounds W'ere of poor quality The second aortic sound w'as louder than the second 
pulmonic The blood pressure was 95 mm of mercury' systolic and 60 mm 
diastolic Respiratory sounds w'cre diminished, w'lth dulness and rales at the 
bases of both lungs, cspeciallv on the left Slight edema of the ankles and sacral 
region was noted Pulsation of the dorsalis pedis arteries was absent 

The clinical diagnosis was multiple occlusions of the coronary arteries, w'lth 
recent embolization of the pulmonary artery Despite ^arlous therapeutic measures, 
the patient died se\eral hours after admission 

The postmortem diagnosis was multiple recent pulmonary infarcts, with 
multiple emboli m the arteries of all lobes ot the lungs, coronary arteriosclerosis, 
with extreme narrowing ot the right circumflex artery, myocardial fibrosis, 
especially of the posterior wall, with aneurysmal dilatation, mural thrombus of 
the left ventricle, and bilateral hydrothorax 

The heart weighed 400 Gm The r'ght ^entrlcle was slightly hypertrophied and 
its chamber somewhat dilated The interventricular septum bulged considerably into 
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the lumen of the right ventricle The endocardium over the posterior wall of 
the left auricle showed slight, irregular wrinkling There was diffuse thickening 
of the mitral leaflets and of their associated chordae tendineae An aneurysmal 
dilatation of the left ventricle was observed near its apex There were several 
grayish red masses adherent to the left ventricular endocardium and embedded 
among the trabeculae carneae Section of the myocardium in this region showed 
diffuse grayish white streaking and fine yellowish tigering The coronary ostiums 
were patent There was moderate thickening of the coronary arteries, with 
scattered zones of severe narrowing but no evidence of recent occlusion Within 
the branch of the pulmonary artery to the upper lobe of the right lung was a 
friable gra 3 ^-white embolus, approximately 10 cm in length, partially occluding 
the lumen Section of the lobes of the lung disclosed many grajish red embolic 
masses projecting from the mouths of the small branches of the pulmonary artery 

Histologic examination of sections of the anterior and septal portions of the 
left ventricle showed focal zones of necrosis with polymorphonuclear leukocytic 
reaction, severe vacuolar degeneration of the muscle and distinct tinctorial changes 
There were also widespread foci of interstitial hemorrhage The right ventricle 
showed focal hemorrhage and fibrosis, with only moderate fat The posterior wall 
of the left ventricle showed onlj slight fatti change 

Comment — This patient, with iheumatic heait disease, had suffeied 
from S 3 'mptoms of cardiac failure and precordial pain foi four yeais 
These can be attributed to the old mjocardial infaict and ventnculai 
aneurysm obseived at postmoitem examination Embolism of the 
pulmonary aiteiy began one or two weeks before admission and was 
probabl} secondaiy to peripheral venous thrombosis While the emboli 
did not occlude the main pulmonary aiterj, as m the pievious cases, 
there were numerous emboli in the smaller blanches, so that much of 
the pulmonary bed was obstiucted Although there was definite disease 
of the coionary arteries wnth marked nai rowing, theie were no recent 
occlusions to explain the recent myocardial necrosis 

COMMENT 

In the 4 cases piesented, microscopic study of the myocaidium 
levealed significant acute damage of the type usually seen in cases of 
recent coionary occlusion In 4 other cases, of a similar but distinctly 
less pronounced condition, more localized myocardial alterations were 
obseived In 2 cases (1 and 4) recent myocaidial damage was suspected 
on macroscopic examination because of a yellowish browm mottling of 
the subendocardial myocardium, associated with fine giay perivascular 
streaking Othei gioss changes of the myocardium could be asciibed 
to fibrosis due to previous coronary occlusion, such as occuired in 2 
instances The micioscopic alteiations v'aiied in severity and extent 
from tinctorial changes, loss of striation, fatty change and vacuolation 
of fibeis to focal areas of necrosis, with reactive foci of polymorphonu- 
clear leukocydes, round cells and, finally, fibroblasts These changes 
were more predominant in the subendocaidial region In 3 instances 
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these acute alteiations affected both ventricles as veil as the intei\en- 
triculai septum The left \entiicle, howe\er, was much more fie- 
quentl}, and usually more extensively, affected We ha\e not sufficient 
data to state whether the posterior or the anteiior wall of the lett 
ventncle was more seierely damaged Generally the ischemic changes 
weie seen in both walls In addition, the intensit} of the damage vas 
difficult to- evaluate because of the association of fibrotic zones in some 
of the cases 

An attempt was made to deteimine the factois vhich led to the 
development of acute myoeaidial damage in some cases of embolism of 
the pulmonaiy artery and not m others In one group of 29 cases which 
weie studied there was evidence of lecuirent emliohzation, and death 
occuiied da}s oi weeks after the liist embolism In a second gioup 
of 13 cases there was a single embolus m the pulmonai} artei} with 
sudden death within a few hours oi minutes All cases of acute m]>o- 
cardial damage fell into the first group This indicates that the duia- 
tion of life after embolization is an important factor m the dexelopment 
of nuocaidial change Appaiently such damage did not develop unless 
days 01 weeks elapsed aftei the initial embolus 

The cases in which acute myocardial damage occuned and those 
in which It did not weie compaied with regard to the severity of 
coionaiy aiteiioscleiosis and nan owing In the latter gioup the coio- 
iiaiy arteries showed relatively little oi no scleiosis and no nai rowing 
except m 2 cases, in which it was slight On the othei hand, in the 
group comprising cases of embolism of the pulmonai artery with acute 
myocardial damage the coronai} artei les usually showed widespiead 
scleiosis and nai rowing In 5 of the 8 cases of acute myoeaidial 
damage theie was moderate to extreme nariowung of the lumen of one 
OI moie majoi blanches of the coionary arteries In 2 of these theie 
w-^ere serere scleiotic naiiowung of the coronarj arteries and old m} 0 - 
cardial infarction How^evei. in 3 of the cases of acute m}ocaidial 
damage theie w'as no significant nan owing of the coionaiy vessels 
Distinct areas ot giossly visible in}oinalacia occurred in the cases in 
wdnch the most intense nai rownng of the coronar} artei les w as ob^eri ed 
In 2 instances of grossly Msible change, howerer, the lumens of the 
coionan aiteiies w^eie noiinal in caliber but the heait was distinct!} 
hyperti opined From these data it appears that acute nnocaidial 
damage occuis most freqenth m association wuth naiiowmg of the 
coronal} aiteiies but that such damage ina} also occur although less 
fiequently, when the coronar} arteries show no significant anatomic 
alteiation, pionded the heait is In peiti opined 

The w^eights of the hearts which show^ed acute nnocardial damage 
were compaied with the weights of those which did not A\’hile there 
weie distinct raiiations in each gioup with few exceptions the hearts 
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with acute myocardial damage were consideiably hypeitiophied, while 
those without such damage wei e i datively normal The average ^\ eight 
of the heart in the first gioup was 390 Gm and that in the second group 
was 357 Gm These averages are partly misleading, because in the 
first gi oup the heart m 1 or 2 cases weighed less than 350 Gm , but 
belonged to a cachectic person and might have been legaided as hyper- 
trophied if the caidiac weight had been considered in terms of low body 
weight On the othei hand, the weight of the heait in 1 case in the 
second group was recorded as 580 Gm , but the heart itself ^^as not 
available for study, and only a few routine sections of the imocardium 
could be examined histologically With these possible exceptions, it 
appeared that acute myocardial changes occur much more readily in 
hypertrophied hearts than m those of normal size In summary, then, 
acute alterations following recurrent embolism of the pulmonary arteiy 
were favored by three factors (1) duration of life from several hours 
to one or more weeks after the initial embolus, (2) preexisting coronary 
arteriosclerosis with narrowing and (3) hypertrophy of the heait 

The chronologic relation between embolism of the pulmonary artery 
and the acute myocaidial damage cannot be determined vith certainty 
Any conclusion that the embolism played a role in the production of the 
myocardial changes would necessarily piesuppose pi oof that the embol- 
ism occurred befoie the development of the myocardial change That 
this relation actually existed in the cases described can be inferred only 
indirectly Consideration of the clinical history indicates that the first 
pulmonary accident generally occurred a week or more prior to the 
death of the patient It is probable, at least, that m some of the cases 
the first embolism occuired three or moie weeks befoie death, because 
there was a rapid fall in blood piessuie at that time vhich could not be 
explained by any factor other than the embolism While the age ot the 
myocardial lesion cannot be definitely detei mined, the changes m some 
of the areas give the impression of being recent, and probably of only 
a few days’ duration The chief reason for believing that the embolism 
preceded the acute myocardial changes is the absence of an} other factor 
which could leasonably account foi the production of such m}ocardial 
injuiy In 2 cases in which the condition occuried theie was eAidence 
of an old coronary occlusion (maiked arterial narrowing) AMth a coi re- 
sponding old, healed infaict But neither in these nor m an} of the other 
cases in which myocardial damage was noted was there an} evidence, on 
detailed examination, of a recent coronary obstruction such as might be 
expected to produce the acute myocaidial changes which ve obseived 
Finally, one must consider the possible role of caidiac failure m 
causing these myocardial changes Theie was a significant degree of 
heart failuie in 3 of the 8 cases presented In each of these there vas 
severe nan owing of the coronary aitenes with myofibrosis vhich prob- 
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abU piecipitated the failure Whethei imocardial failure with its 
attendant distuibances in ciiculatory dynamics is capable of pioducing 
acute nnocardial damage is uncertain In these 3 cases it would be 
difficult to undei stand why failuie of se^eral months' oi }eais’ duiation 
should suddenh piecipitate acute myocaidial damage The onh leason 
this possibility is entertained is the obsenation in other studies which 
w^e have made on coronaiy msufficienc}, that, under special circum- 
stances, caidiac failure may play a role in the production oi exaggeration 
of acute 111 } ocai dial damage In the present senes, how'evei, the absence 
of caidiac failure in 5 of the 8 cases in wdnch the condition was seen 
cleaily indicates that some other factor must be in\oked to explain the 
lecent damage to the muscle 

The theoretic cause of death and basis for the occuirence of caidiac 
sequelae in embolism of the pulmonary aitery have been discussed 
In the cases which wo. studied, the embolism caused a sufficient degree 
of obstruction of the pulmonary vascular bed to be a factoi in the pro- 
duction of piofound shock and of death In some of the cases the 
mam pulmonai) arteiy was practically completel} occluded, while m 
otheis so many of the major branches w^ere obstructed that an equn- 
alent amount of inteifeience wnth the pulmonaiy circulation must liaAC 
existed 

Despite the extent of obstruction of the pulmonaiy circulation, sig- 
nificant dilatation of the light side of the heart was not invariably 
piesent A marked degree of dilatation was observed m only 2 of the 
cases of lecuiient embolism of the pulmonary artery and m only 2 of 
the 13 cases in wffiich death follow^ed a single embolus Moderate oi 
slight dilatation of the right ventiicle w^as encounteied in many of the 
cases, but it should be emphasized that the evaluation of such lessei 
degiees of dilatation at postmortem examination is fraught with diffi- 
culties and is therefore uncertain Furthermoie, except for the 2 
instances of se\ere dilatation of the right ventricle after a single fatal 
embolus of the pulmonary aitery, other factors, such as failuie of the 
left side of the heait, may have been responsible The infrequency of 
dilatation of the right \entricle ma> be explained m some cases b} 
the rapidity wuth wdnch death ensued and in others by the intense shock 
follow'ing extreme obstruction of the pulmonary circulation and diminu- 
tion of blood volume letuining from the periphery to the right \entricle 
In 1 of our cases a loud srstohe muimui and a S 3 stolic thrill gave 
evidence of obstruction of the pulmonary arter} — signs alieady pointed 
out b} Litten® Special leference to the second pulmonic sound was 
not found in the records of these patients In 1 case it was observed 
that theie was an eleration of pressure in the cerwcal \ems without a 
similar use in the peripheral ^elns This may not necessanh be inter- 
pieted as indicating failuie of the right side of the heart because in the 
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presence of shock, with its peripheral vasoconstiiction, there may have 
been a redistribution of blood from the periphery to the cerebial ves- 
sels, with relative inciease in venous retuin from the latter and diminu- 
tion from the former 

The explanation for the anatomic myocaidial changes obseived m 
our cases apj^ears to lie in the development of ischemia of the myo- 
cardium Of the theoietic causative factois discussed earlier, neither 
pulmonary-coi onary vagal leflexes nor generalized anoxemia can be 
invoked That constriction induced b} vagal stimulation could occur 
in severely sclerotic coi onary aiteiies seems anatomical!} unlikely 
Shock with a concomitant diop in systemic, and therefore in aortic, 
blood piessure was probably the dominant factor m the production of 
myocardial ischemia and of the acute m}Ocardial injuiies which ue have 
described Marked degrees of shock and diminution in blood piessure 
were present in all the cases in which anatomic examination disclosed 
acute myocardial damage Furtheimore, electrocardiographic changes 
when present always followed the onset of clinical shock with diminu- 
tion in blood pressuie 

The explanation for the occuirence of acute myocaidial damage in 
some cases and not in others has already been attempted Appaiently 
the myocardial ischemia induced by diminished aortic piessuie uas 
inadequate unless other favoiable elements were piesent Thus we 
believe that when the myocaidium was already suffering from pievious 
coi onary disease with nai rowing or old occlusion sufficient to cause 
relative ischemia, or when the heart was large with an abnormall} great 
demand for blood, oi particularly when with these combined factors 
recurrent embolism of the pulmonai} aitery reduced the blood piessure 
over a sufficiently long period, the degree of ischemia became adequate 
actually to produce its morphologic expiession Then, even in the 
absence of a lecent coronaiy occlusion, coronary insufficiency was pie- 
cipitated b}^ the fall in aoitic piessure adequate to induce acute myo- 
cardial damage, which in some instances was similar in se-ient} to that 
observed in cases of actual coi onary occlusion Support foi this 
concept IS found in oui observation, which is the subject of another 
report,'" of similar acute mj'^ocardial damage in the absence of acute 
coronary occlusion in conditions other than embolism of the pulmonar)’’ 
aitery, in which shock coexisted with coronary disease In cases of 

25 Fishberg, A M Redistribution of Blood in Heart Failure, J Clin 
Investigation 17 510, 1938 

26 Buchner, F , Weber, A , and Haager, B Koronarinfarkt und Koronar- 
insufficienz in vergleichender elektrokardiographischer und morphologischer 
Untersuchung, Leipzig, Georg Thieme, 1935 

27 Friedberg, C K , and Horn, H Acute Myocardial Infarction Not Due to 
Coronar}’- Artery Occlusion, JAMA 112 1675 (April 29) 1939 
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seveie shock lasting seveial days such organic damage may be piodiiccd 
e\en though theie is no significant coronary disease, as seen m oiii 
first case 

In new of the anatomic changes which ne have desciibed, it appears 
that the typical electrocardiographic alterations obsened in cases of 
embolism of the pulmonary artery, which so closel} simulate those of 
myocardial infarction, could be explained on the basis of imocaidial 
ischemia However, electi ocardiographic changes typical of embolism 
of the pulmonary artery, such as depression of the RS-T tiansilion 
in lead I and elevation m lead III, inversion of To and T3 and a laige 
Q^, also were obseived in some of the cases 111 which no anatomic 
changes were seen in the myocardium But e\en m these cases it 
appealed fair to assume that m)Ocaidial ischemia was piesent, CA^en 
though it was not of sufficient seveiit} 01 duration to result in 01 game 
alteration of the heait muscle That temporal y coronaiy insufficiency 
can induce such functional changes in the myocaidmm is shown by the 
acute transient electi ocardiogiaphic changes obsen'ed m patients duiing 
an attack of angina pectoiis due to disease of the coionaiy arteiies 
These patients may' return to their previous functional status AMth 
complete and rapid 1 egression of the objective and subjectne phe- 
nomena, aftei lemoval of the factoi which has pioduced coionaiy 
insufficiency 

Some of the electi ocaidiographic changes found in cases of embolism 
of tbe pulmonaiy aiterj, such as the tendenc} to light axis deviation 
and the development of a laige Sj wave, probably lepresent stiam on 
the light ventiicle The absence of dilatation of tbe right Aentiicle, 
as seen post moitem 01 even at operation, does not preclude the existence 
of inci eased tension on the pulmonaiy' aitery and the right Acntricle- 
That strain on the right Aentiicle and engoigement of the mfeiioi vena 
cava do exist was indicated by' the leporl of Keschnei and Klempcier,-” 
who showed that hepatic edema is appi oximately as fiequent in cases 
of embolism of the pulmonaiy arteij as in those of prolonged cardiac 
failure Furthermore, the development of these evidences of stiam on 
the right ventricle depends in pait on whether the lelatne si7e of the 
cardiac chambeis was pieviously 1101 mal 01 whethei there A\as hjper- 
tiophy of the left ventiicle associated with hypertension and hvperten- 
sne heart disease 

Love and his co-woikeis concluded, as a result of their studies on 
expel imental embolism of the pulmonary artery m dogs, that the elec- 

28 Keschner, H W , and Klemperer, P Frcquenc\ and Significance of 
Hepatic Edema, Arch Path 22 583 (Ko\ ) 1936 

29 Lo\e, W S, Jr , Brugler, G W, and \\ inslow X Electrocardiogra- 
phic Studies 111 Clinical and Experimental Pulmonan Emboh7ation, Ann Int Med 
11 2109, 1938 
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trocardiographic changes obseived were due entirely to dilatation of the 
right ventricle These findings cannot be applied directly to embolism 
in man, not only because of the difference in species but because the 
experiments were of brief duration and the hearts and coronary vessels 
were normal In our cases of acute cardiac damage the embolism was 
recurrent, with several days at least elapsing before death, and the 
hearts were generally hypeitrophied and the coronary arteries narrowed 

The absence or presence of electrocardiogiaphic changes in cases of 
embolism of the pulmonary artery and their variations in appearance 
might be explained by vaiiations in the degree of myocardial ischemia 
and of strain on the right ventricle The former would depend on the 
severity and duration of shock, the absence or presence of previous 
severe coronary disease and the vascular demands of the muscle mass, 
and the latter, on the absence or presence of preMous preponderance of 
the left ventricle and the ci oss-sectional area of arterial obstruction 

It IS not clear why the electrocardiographic pattern of embolism of 
the pulmonaiy arteiy resembles that of posterior rather than that ot 
anterior myocardial infaiction The only experimental evidence which 
bears on this point is that of Buchbinder and Katz,®*’ who observed that 
after compression of the pulmonary artery the heart ie\ealed epicardial 
and intramuscular hemorrhages m the basal poition of the ventricles 
In our anatomic observations thei e did not appear to be a preponderance 
of myocardial damage either at the base of the heart oi on the posterior 
wall Neither could we obseive any evidence that the blood supply of 
the right coronary artery was more impaired than that of the left 
However, the marked rise in intraventricular pressuic that must haAe 
been present within the right ventiicle might ha\e increased the resis- 
tance to flow in the right coronar}^ ai tery sufficienth to affect dispro- 
portionately those portions of the heart, particulaih the posterior vail 
which are supplied b}" that vessel 

SUMMAR-i; AND CONCLUSIONS 

A group of 42 cases of embolism of the pulmonaiy aiteiy has been 
studied, in 8 of which lecent stiuctuial changes in the myocardium 
ordinarily resulting fiom acute myocaidial ischemia veie revealed 

The factors necessaiy for the production of such myocaidial changes 
are discussed These aie shock, asphyxia and exaggerated vagal 
reflexes resulting from obstruction of the pulmonai} aiteiies These 
factors, alone or in association, lead to insufficiency of the coionan 
circulation 

30 Gregg, D E Phasic Blood Flow and Its Determinants in the Right 
Coronary Artery, Am T Plnsiol 119 580, 1937 
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Morphologic e\idence of coronai} insufficienc}^ in cases of embolism 
of the pulmonaiy aitery is more hkel} to occui if there are recurrent 
embolization, narrowing of the coionar} arteries, cardiac h}pertroph} 
and adequate duration of life aftei embolism 

Anatomic changes m the myocaidium m peisoiis with embolism of 
the pulmonary artery may be considered the end result of the myocaidial 
ischemia which accounts for the characteristic electi ocai diograpbic 
changes 

The resemblance of electrocai diogi aphic changes m cases of embol- 
ism of the pulmonar} artery to those m cases of myocaidial mfaiction 
of the posteiioi wall mar Ije explained by the diminished flow thiough 
the right coronary arterr resulting fiom mci eased tension in the light 
r enti icle 
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THE TOXICITY OF CALCIUM SALTS INJECTED INTRA\ ENOUSL-i 
INTO DIGITALIZED ANIMALS 
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Ceitain similaiities in the action of the glucosides of the digitalis 
group and of calcium on the heart have led to the h)fpothesis that 
they may be related m their action ^ There is no general agreement as to 
the charactei of this i elation Some in\ estigators ha^e maintained that 

Aided b}’' grants from the Committee on Therapeutic Research of the A.mencan 
Aledical Association and the Ella Sachs Plotz Foundation 

From the Laboratory of Pliarmacology and Toxicology, the Department of 
Internal Aledicine and the Laboratory of Physiologj, Yale Unnersitv School of 
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their eftects are partially or completel} additive," otheis, that the\ are 
ti uly S} nergistic , ® in other words, the effects resulting i\ hen the} ai e 
given together exceed the effects to be expected fiom the sum of then 
individual actions The term potentiation is at times used m a sense 
equivalent to that of syneigism 

The experiments piesented heie are concerned vith the effects on 
the previously digitalized animal of calcium salts injected intravenous!} 
This particular problem has evident special importance in clinical 
medicine 

PROCEDURE AND RESULTS 

Effects of Calcnmi Alone — The effects on the heait of calcium salts 
injected intravenously into dogs have been reported in detail elsewheie 
Seiial electiocardiograms were taken during the course of continuous 
mti a^ enous infusion of an isotonic solution of calcium chloride, and the 
sequence of changes up to the time of the death of the dogs vas 
obseived By detei mining the concentration of calcium in samples of 
blood seium taken at mteivals duiing the infusion, it uas possible by 
inteipolation to establish the concentration of calcium associated with 
each change m the electiocardiographic sequence 

A phase of inhibition appealed first, manifested by slowing and all 
degiees of aunculoventricular block This occuiied at concentiations 
of calcium of 15 to 40 mg per hundied cubic centimeteis At slightl} 
highei levels, 30 to 65 mg of calcium pei hundred cubic centimeters, 
a phase of enhanced automaticity developed, associated with extra- 
systoles and tachycaidia and culminating in ventiicular fibrillation and 
death in half of the expeiiments In the animals m which \entriculai 
fibi illation did not de\elop, this period of enhanced automaticity vas 
leplaced b} a second slowing phase, teiminatmg in cardiac ariest at 
concentiations of calcium m the serum of 79 to 190 mg per hundred 
cubic centimeteis 

The mode of death could not be correlated with the rate of injection 
Death by airest occuired at highei levels of calcium in the serum and so 
lequiied largei doses of calcium than death by fibi illation, but this is 
merel} an expression of the fact that the animals dying by arrest sur- 
vned the period of increased automaticity It gives no clue to the 
leasons foi the death of some and the sur\ival of others be}ond this 
peiiod Death occuried in some cases after the administration of as 
little as one tenth of the dose of calcium required to kill others The 

2 Lieberman !^^andclstamm McGuigan and Higgin'; 

3 Billiglieimcr Fischer Gold and Edwards Gold and K\\it Golden 
and Brains 

4 Hoff, H E , Smith, P K and Winkler, A W Electrocardiographic 
Changes and Concentration of Calcium in Serum Following Intra% enous Injection 
of Calcium Chloride Am T Plnsiol 125 162-171 1939 
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gieat A'ariations in the levels of calcium in the seiuin at which death 
occuired and in the doses requned to kill make it difhcnlt to speak 
with any accmacy of a lethal dose of calcium 

Effects of Digjtabs Alone — Digitalis is now usiiall} standaidized 
by the intraAcnous injection of the diug in divided doses eAei\ few 
minutes until the animal succumbs ® The acute fatal dose as deter- 
mined by this divided dose method, although it yields consistent results, 
IS necessaiily highei than that detei mined by any single dose method, 
as the poitions injected in the last intervals will not haie had time to 
exert their full effects before death occurs The most recent detei mi- 
nations of the acute fatal dose of digitalis in dogs has been made by 
McGuigan ® and by McGuigan and Higgins,^*' the ai ei age amount 
accoiding to then expeiiments being 1 0 to 1 2 cc of the tincture per 
kilogram of body weight 

In the experiments repoited m this papei a tmctuie was freshly 
prepared fiom standardized leaves and adjusted to the U S P standard 
In order to detei mine its potency, the diluted tinctuie was injected 
intravenous!} into 6 normal dogs, the dose being 0 6 cc pei kilogram, 
or one-half the expected acute fatal dose as determined b} the dnided 
dose method Thiee of the animals died one to six houis latei, Avith 
the typical contracted heait of digitalis poisoning The other 3 sur- 
\ived This demonstrates the appioximate identit} of half the acute 
fatal dose as determined by McGuigan and the 50 per cent lethal dose 
as usually detei mined for most drugs The latter is defined as that 
dose wdnch wnll pioduce death in half the animals studied without con- 
sideiation of time of death These experiments serve to define phaima- 
cologically the dose of digitalis used in oui later combined expeiiments 
and indicate the expected toxic lesult if digitalis weie to be gnen 
alone without calcium 

Effects of Calcutm on the Digitahced Heait — Tw'elve dogs undei 
moiphine analgesia w^ere given 0 6 cc of w^ell diluted tmctuie of digitalis 
per kilogram of body w^eight One hour later, electiocaidiogiams of all 
the animals show’'ed a typical digitalis effect on the heart, with changes 
m the T w^ave and ectopic anhythmias Calcium chloiide was then 
administered exactly as in the case of nondigitalized dogs dining which 
samples of blood ivere taken peiiodically and seiial electrocaidiogiams 
recorded fiom lead II The results obtained are summarized in table 1 
Chait 1 is a schematic representation of the electrocaidiogiaphic changes 

5 Sollmann, T A Afanual of Pharmacologv, Philadelphia, W B Saunders 
Company, 1936 

6 AfcGuigan, R A Pressor and Other Effects of Antipj reties on Digitalis 
Action, Proc Soc E\per Biol S. Med 38 314-315 (April) 1938 
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The efiect of the injection of calcium ^^as indistinguishable fiom 
Its influence on the noimal lieait The phase of inhibition was fiist 
to appear and it effectnely suppressed the ectopic beats and airlwthmias 
of the digitalized heart After this the phase of incieased automaticit} 
appeared, duiing which 3 of the 12 animals died suddenly of \entiicular 
fibiillation The 9 othei animals surined the period of h}perexcitabiht\ 
of the heait and succumbed erentuall) to cardiac ariest The heaits of 

Table 1 — Piolocols of Evpoimaits 
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these animals were not in conti action tjpical of digitalis poisoning noi 
weie they completel} dilated as nere those of the animals that died 
of fibrillation 

There aie certain ranges ot concenti ation of calcium in the serum at 
which the principal electrocaidiogiaphic changes occur In chart 2 the 
concenti ations at wdiich these changes appear are compared with the 
concenti ations at which similai changes appeared in the electrocardio- 
giams of the control animal The data foi onl) 10 of the 20 normal 
dogs used in the earliei studr aie included here for purposes of com- 
paiison since the remainder lecened pieliminar\ medication other than 
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Chart 1 — A diagram indicating the electrocardiographic changes produced bj' 
the injection of calcium chloride into normal and digitalized dogs The cunes 
are copies of actual electrocardiograms obtained in a number of experiments 
A, control dog, showing slight sinus arrhythmia B and C, two typical records 
showing slowing, aunculoventncular delay and block Changes in the ST interval 
and the T wave are shown D, E and F represent the most common events of 
the rapid phase, namely, a lapid normal rhythm, bigeminus and ventricular 
tachycardia from various foci At this point two alternative events occur The 
tachycardia may terminate in ventricular fibrillation and death (G), or the second 
slowing phase may intervene (H), and the animal will succumb to cardiac arrest 
(7) At the sides are given the extreme ranges of seium calcium values at which 
the events occurred 
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moroli-ne alone The ngiires derived irom the digicaiized animals overlap 
extensively those from tiie control senes although on the tvhole they 
tend to he somewhat lovrer 

A comparison or the average total amounts of caicium g:\ en :n each 
of tlie two senes indicates that there is in this respect no sign.Scant 
dimerence between mem. Suda a comparison is l'owe\er open to the 
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Chart 2 — ^Ths ccrcentranoas o: calciaa :a tae senrra of nonrial ant cigrtauaec 
cogs at which n-p’cal electro tarcicgraphlc cnanges occur. A the 5rst s'ovur 
phase ' B the f rst rap c phase C, t enmctlar nomiaticn D tne secorc siowir 
nhase, anc L arrest. 
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objection that the solution was given at varying lates, thus introducing 
the amount excreted as an undetermined variable Accordingly the 
statistical analysis of these figures is not given A soundei basis of 
comparison is used in table 2, m which are summarized the concentia- 
tions of calcium in the serum in the normal and m the digitalized dogs 
The means and the small significance ratios indicate that the concentra- 
tions were not significantly lower in the digitalized animals 

COMMENT 

There is no evidence from the results presented heie that an unusually 
small dose of calcium will be fatal to the digitalized animal, nor is there 
evidence that digitalis potentiates calcium by rendering the heart more 
susceptible to ventricular fibrillation, since 9 animals died m arrest and 
only 3 from fibrillation 

Evidence for a completel)'- additive action is also lacking Neither the 
total quantity of calcium given nor the concentration of calcium m the 
serum at death was as low as 50 per cent of comparable values for 
the nondigitahzed dogs The slight reduction m the lethal quantities 
and concentiations of calcium found here may be indicatne of a partially 
additive effect Since some partial addition of effects of any two cardiac 
poisons may reasonably be expected, it is unnecessary to interpret these 
paitially additive results in terms of a specific relation 

It IS probable that findings of potentiation reported in the literature 
aie due to two factors (1) sudden death from ventricular fibrillation 
pioduced by calcium at unusually low levels, which occasionally occurs 
in normal animals, and (2) the fact that half the acute fatal dose of 
digitalis may kill within an hour oi more approximately half the animals 
to which It IS given The death of such an animal some time after 
the administration of calcium may be due to the digitalis alone This 
may be the explanation of the death in ventricular fibrillation of certain 
of the animals studied by Golden and Biams,^^ who ga^e 50 to 85 per 
cent of the acute fatal dose of digalen, and by Bowei and Mengle,^*’ 
who gave comparable doses The expei iments of Gold and Edwards 
aie not directly comparable, since they gave the calcium before giving 
ouabain 

A lack of additive effect or of potentiation does not, however, mean 
that the administration of calcium chloride to digitalized patients or to 
any patients is an entirely safe procedure Calcium chloride alone, 
given intravenously to noimal animals, is a toxic diug,^ its toxicity 
depending both on the rate of injection and on the total amount given 
Its administiation to a patient whose failing circulatoiy system has 
aheady occasioned the use of digitalis is probabl) moie dangeious than 
its administiation to other patients, since calcium, like digitalis, has 
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been shown to produce death by circulatory failure ^ Our experiments 
suggest that the danger of injecting calcium into the digitalized patient 
IS simply that of injecting calcium into any patient with cardiac disease 
and that this in turn probably involves only some intensification of the 
dangei involved in injecting calcium intravenously into a healthy subject 
Ceitainly this danger cannot be great in practice, considering the wide- 
spread use of calcium intravenously, often no doubt in the piesence of 
cardiac disease ' 

Our expel iments indicate that whatever danger is involved in the 
mtiavenous use of calcium can be minimized by very slow injection 
of the salts, so that the local concentration in the heart never attains an 
unsafe level 

SUMMARY 

Dilute solution of calcium chloride was administered intravenously to 
digitalized dogs, and electrocardiograms and samples of blood were taken 
frequentl} during the course of the injection 

The electrocardiographic changes were correlated with the concen- 
tration of calcium in the serum They were similar in eveiy way to 
those of normal animals receiving calcium 

The mode of death of the digitalized animals was by ventricular 
fibrillation or by arrest without fibrillation, just as in normal animals 
A comparison of the fatal dose and of the concentration of calcium 
in the serum at death in normal and digitalized dogs indicated that, 
by the type of experiment described here, the lethal effects of calcium 
and digitalis are neither synergistic nor even completely additive 

7 Walters, W, and Bowler, J P Pre-Operative Preparation of Patients 
with Obstructive Jaundice An Experimental Study of the Toxicity of Intravenous 
Calcium Chloride Used in the Preparation of Patients, Surg , Gynec & Obst 39 
200-206 (Aug ) 1924 Luten, D The Clinical Use of Digitalis, Springfield, 111 , 
Charles C Thomas, Publisher, 1936 Goldberg 



RELATION OF MYASTHENIA GRAVIS TO 
HYPERTHYROIDISM 


MELVIN W THORNER, MD 

PHILADELPHIA 

The neuromuscular syndrome named myasthenia gravis has been 
recognized since its description by Wilhs^ in 1685 Since that time 
many hypotheses have been presented m the literature, but it must be 
admitted that as yet the essential cause or causes of m 3 ^asthenia gravis 
are unknown This communication is offered as a record of some 
empiric data concerned with the relation of the uncommon condition 
myasthenia gravis to the common syndrome of hypei thyi oidism A case 
IS reported in which the two conditions appeared concurrently and in 
which the one seemed to inhibit or antagonize the other Observations 
on a case of myasthenia gravis in which hypei thyroidism was artificiallv 
pioduced aie given, togethei -with a review of the hteratuie 

REPORT 01 A CASE 

M B , a woman aged 20, was first seen in Tune 1936 At that time she stated 
that she had generallj been in excellent health until the middle of April, when she 
saw single objects doubl} Ihis diplopia lasted onl> a few daAS and ceased vhen 
the left eyelid began to droop Shortlj after this episode she began to tire easily 
She became fatigued readily when chewing and sw’allowing her food She con- 
sulted an ophthalmologist for the visual disturbance and as a result of his advice 
had a tonsillectomy performed under general (ether) anesthesia On reco\ering 
from this operation she noticed little change in her sjmptoms except that her 
facial expression w'as unaccustomedl) blank and her speech at times thick 

Examination at this time revealed an anxious, tired-looking patient wuth ptosis 
of the left eyelid Her gait and station w'ere normal The cranial nerves showed, 
the following abnormalities ptosis of the left hd, palsy of the left external rectus 
muscle, weakness of both superior rectus muscles, weakness of the right external 
rectus muscle, blank facial expression and rapid tiring of the tongue on repeated 
movements There were no sensory disturbances, and the reflex activities were 
normal Weakness of the muscles of the extremities was noticed only on pro- 
longed effort 

At this time (June 1936) an ampule of prostigmine (0 5 mg ) was given 
intramuscularly as a therapeutic test Within five minutes of the injection the 
physical signs and symptoms had all but completely disappeared, and the diagnosis 

From the Department of Neurology, Graduate School of kledicine. University 
of Pennsylvania, and the Graduate Hospital 

1 Willis, cited by Guthrie, L G M 3 "asthenia Gravis in the Seventeenth 
Century, Lancet 1 330, 1903 
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of myasthenia gravis was made The patient was referred for admission to the 
Graduate Hospital for further study 

She was admitted to the Graduate Hospital on July 1, to the service of Dr 
J C Yaskin, at which time physical examination showed some minor changes 
in the distribution of the extraocular weaknesses It was noted that her symptoms 
were at a minimum in the morning and increased as the day wore on The thyroid 
gland was slightly enlarged The degree of weakness was such as to confine her 
almost constantly to bed The pulse rate varied from 75 to 120, and the basal 
metabolic rate was + 19 per cent The Wassermann reaction of the blood and 
of the spinal fluid were negative The spinal fluid pressure, chemical estimations 
and cell count were normal Examination of the blood showed the sugar content to 
be 93 mg , the urea mtrogen content 10 mg and the cholesterol content 160 mg 
per hundred cubic centimeters Roentgenograms of the skull were normal, and there 
was no roentgen evidence of an enlarged thymus or a substernal thyroid gland 

During the patient’s stay in the hospital, aminoacetic acid, benzedrine and 
acetylbetamethyl choline (mecholyl) were given in physiologic doses It was not 
until tablets of prostigmme were given orally that definite and unequivocal 
improvement was seen This drug was given in doses of 15 mg three to seven times 
a day 

The patient continued to lead a fairly normal existence but was dependent on 
the supply of prostigmme In February 1937 we prescribed roentgen therapy 
over the thymic area, but there was no apparent change in the symptoms as 
measured by the amount of prostigmme necessary In June 1937, daily injections 
of 3 cc of thymus extract (Hanson) were given, with the result that the amount 
of prostigmme needed to control the symptoms was reduced In September 1937 
a control injection of physiologic solution of sodium chloride was substituted 
for the thymus extract, and the amount of prostigmme used was about one 
15 mg tablet two or three times a week, which was considerably less than the 
patient had heretofore required At the same time it was noted by both the patient 
and the examiner that the cardiac rate had increased distressingly and that the 
neck was swollen The cardiac rate was frequently observed to be above 200 
The basal metabolic rate was now + 52 per cent , the cholesterol content of the 
blood was 178 mg per hundred cubic centimeters, and the electrocardiogram 
showed simple tachycardia of sinus origin In the presence of these symptoms of 
thyrotoxicosis it was observed that the myasthenic symptoms had all but vanished 
No medication of any kind was given at this time It was decided to treat the 
delicately balanced antagonism conservatively, and irradiation therapy over the 
thyroid gland was begun After two series of such treatments the basal metabolic 
rate had retreated to + 30 per cent and the cardiac rate was measurable at about 
140 to 180 After two months a third senes of thyroid irradiation treatment 
was given, and in another two months the basal metabolic rate was + 19 per 
cent, the thyroid gland was distinctly smaller and extraocular palsies again became 
evident An occasional tablet of prostigmme was then found to be necessary The 
pulse rate continued to range between 90 and 130 


COMMENT 

It IS felt that this case repieseiits a physiologic antagonism between 
myasthenia giavis on the one hand and hyperthyroidism on the other 
At the time of writing the equilibrium established between the two 
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appears satisfactor}^ from the therapeutic standpoint This experience 
naturall)^ suggested the therapeutic potentiality that aitificial hyperthy- 
loidism induced by oral administration of thyroid might be tried in 
a case of uncomplicated myasthenia gravis Accordingly, a case of 
m} asthenia giavis of moderate seventy was selected, and treatment with 
thyroid given Subjectively and objectively the evidences of myasthenia 
weie reduced, while the pulse rate went to 120 and the basal metabolic 
late to + 22 per cent (from + 5 per cent) The appearance of irritabilitj , 
excessive perspiration and palpitation m this case indicated that, 
although the aforementioned antagonism was again evident, there was 
little therapeutic justification for the continuance of artificial hyperthy- 
roidism 

The question aiises whether theie was not originally some etiologic 
connection between the therapy directed at the thymus gland and the 
hyperthyroidism v Inch subsequently appeared The rationale of thymus 
therap} for m 3 'asthenia gravis is predicated on the high incidence of 
pathologic thymus glands reported to be associated with this condition - 
There is as yet no certain evidence -which -will permit the establishment 
of a thymus-thyroid connection Neithei can the possibility of such a 
connection be wholly excluded It is -worthy of note m this connection 
that Rowntree," using the same thymus extract preparation, has in over 
100 cases in wdnch various conditions were treated found no instance 
of hyperth} roidism following its use 

The simultaneous occurrence of hyperthyroidism and myasthenia 
giavis m the same patient seems to be relatively rare, although Buzzard ^ 
mentioned it as a common occurrence Of 24 reported cases of 
hyperth} roidism in wdnch palsy of the extraocular muscles occurred, 
onl} 7 ^ appeal to be instances of a combination of m} asthenia gravis 

la The patient was not seen after Dec 1, 1938 until !March 5, 1939, at which 
time she was sent to the Graduate Hospital She was moribund She had been ill 
for one week with a grippal infection Huge doses of prostigmine and guanidine 
failed to pre\ ent death, w'hich occurred in a respirator within six hours of admission 

2 Thorner, M W, and Yaskin, J C The Treatment of Hyasthenia Gravis, 
Am J Af Sc 194 411, 1937 

3 Rowntree, L G Personal communication to the author, 1938 

4 Buzzard, F E Afyasthenia Gravis, in Allbutt, T C , and Rolleston, H D 
Sj'stem of Afedicine, London, Alacmillan & Co , 1910, vol 7, p 51 

5 (a) Voss, G Zur Symptomatologie und Therapie der Basedowschen 

Krankheit, Deutsche med Wchnschr 29 590, 1903 (b) Aleyerstein, R Ueber 

das kombinierte Vorkommen von Myasthenie und Basedowsche Krankheit, Neurol 
Centralbl 23 1089, 1904 (c) Rennie, G E Exophthalmic Goiter Combined with 
Mj^asthenia Gravis, Rev Neurol & Psychiat 6 226, 1908, Af J Australia 
2 416, 1919, (d) Afyasthenia Gravis ivith Exophthalmic Goiter, Rev Neurol S. 
Psychiat 11 475, 1913 (e) Vedsmand, H Pluriglandular Insufficiency, Ugesk 
f laeger 85 405, 1923 (/) Wolff, H G , Keutmann, H, and Cobb, S The 
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and exophthalmic goiter In the remaining 17 cases, 2 of the patients 
showed signs of involvement of the central nervous system, ° probably in 
the natuie of amyotiophic lateral sclerosis, the other 15 cases' 
were largely instances of external ophthalmoplegia occurring during the 
couise of thyrotoxicosis with exophthalmos Presumably the inajoiity 
of isolated palsies of the extraocular muscles occuriing in association 
with exophthalmic goitei are due to the mechanical distortion of the 
structures of the orbit or to other causes unrelated to myasthenia gravis 
The presence of palsy of the extiaoculai muscles is not m itself pathogno- 
monic of myasthenia giavis Neither can the piesence of lymphoi i hages 
in the muscles be considered conclusive evidence of the presence of myas- 
thenia giavis, foi, as Dudgeon and Uiquhart ® have shown, these lympho- 
cytic collections are present m 8 of 9 cases of exophthalmic goiter More 
lecently it has been shown that lymphoi rhages are present in other con- 
ditions, such as myositis The occuirence, however, of palsy of the extra- 
ocular muscles e\en in exophthalmic goiter is far from common Heuei 
stated that in a series of 300 cases of exophthalmic goiter in only 1 
case (which he reports) was there evidence of such paralysis Since palsy 
of the extraocular muscles is not common m hyperthyroidism, one may 

Electromyogram in Myasthenia Gravis, Brain 51 508, 1928 (g) Cohen, S J , and 

King, F H Relation Between Myasthenia Gravis and Exophthalmic Goiter, Arch 
Neurol & Psychiat 28 1338 (Dec ) 1932 

6 Burger, W Ueber Thyrotoxilsose mit spinalen Symptomen, Deutsches 
Arch f klin Med 162 355, 1928 Sterling, W Maladie de Basedow, mjasthenie, 
et amyotrophic progressive, Rev neurol 1 93 (Jan ) 1930 

7 (a) Heuer, G J The Cerebral Nerve Disturbances in Exophthalmic 

Goiter, Am J M Sc 151 339, 1916 (b) Bnstowe, J S Cases of Ophthal- 
moplegia Complicated with Various Other Infections of the Nervous System, 
Brain 8 313, 1885 Fereol, M Report of a Case, Gaz hebd de med 26 112, 
1889 Finlayson, J On the Paralysis of the Third Nerve as a Complication of 
Grave’s Disease, Brain 13 383, 1890 Maude, A A Case of Ophthalmoplegia 
with Grave’s Disease, ibid 15 121, 1892 Posey, W C Palsy of the Extra- 
ocular Muscles in Exophthalmic Goitre, Am J M Sc 128 66, 1904 Kappis, 
M Ueber Gehirnnervenlahmungen bei der Basedowscher Krankheit, Mitt a d 
Grenzgeb d Med u Chir 22 657, 1910 Bernhardt, M Basedowsche Krankheit 
und Augenmuskellahmung, Neurol Centralbl 30 706, 1911 McKendree, C A 
A Case of Myasthenia Gravis, J A M A 63 1553 (Oct 31) 1914 den Boer, 
M Goiter with Total Ophthalmoplegia, Nederl ti]dschr v geneesk 1 2284, 
1920 Jackson, A S, and Bates, A D Myasthenia Gravis, JAMA 81 114 
(July 14) 1923 Jaensch, P A Augenmuskellahmungen bei Basedowscher 
Krankheit, Deutsche med Wchnschr 50:1249, 1924 Wedd, M A, and Permar, 
H H Ophthalmoplegia in Grave’s Disease, Am J M Sc 175 733, 1928 
Garvey, J L Ophthalmoplegia and Grave’s Disease, Ann Int Med 3 917, 
1930 Schonberg, H Grenzfall von Morbus Basedowu und Mj asthenia grans 
pseudoparalytica, Deutsche med Wchnschr 63 738, 1937 

8 Dudgeon, L S , and Urquhart, H L Lymphorrhages in Exophthalmic 
Goiter, Brain 49 182, 1926 
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safely assume that the coexistence of myasthenia giavis and exophthalmic 
goitei is very raie, as the vast majority of patients uith myasthenia grans 
have such paralysis As Nafiziger” pointed out, the palsies of the extia- 
oculai muscles encountered with liyperthMoidism aie chiefly associated 
with exophthalmos, winch was nevei piesent in the case here presented 

In the case leported here it was evident that when the manifestations 
of hyperthyroidism weie at then height the symptoms of myasthenia 
gravis ueie at a minimum, and as the thyiotoxicosis waned the 
myasthenia reappeared In the case repoited by Wolfif, Keutmann and 
Cobb the myasthenia did not appeal until aftei thyroidectomy, and 
then the patient’s periods of the gieatest strength coincided loughly 
with the periods in which the basal metabolic rate was highest The 
patient m the case repoited by Cohen and King showed evidence of 
exophthalmic goitei and received loeiitgen therapy over the thyroid 
gland It was only after this irradiation and the consequent reduction 
in the basal metabolic rate that the symptoms of myasthenia appeared 

The fact that abnormalities ot the thymus gland occur in 50 per cent 
of cases both of ni} asthenia gravis and of exophthalmic goiter has 
been used to link the two conditions But whereas in exophthalmic 
goiter the abnormalit}^ consists of peisistence or simple hyperplasia of the 
thymus gland, m myasthenia gravis th}mic neoplasms of various tjpes 
ai e usually found 

All these factors, the extieme laiit} of cases in uliich the two diseases 
coexist, the fact that in these lare cases a “seesaw ” type of balance seems 
to occui and the fact that the administiation of a sufficient amount of 
potent thyroid extiact to a myasthenic patient effected a reduction of 
myasthenic symptoms, appear to suppoit a hjpothesis that the two 
diseases are mutually antagonistic The thymic abnoimalities and the 
lymphoi 1 hages wdnch occur in both diseases aie not sufficiently path- 
ognomonic of eithei condition to be pi oof of any similaiity in the two 

SUMMAR\ AND CONCLUSIONS 

A case of myasthenia giavis is presented in which the appeal ance of 
hypei th) roid symptoms was attended by a lessening of the myasthenic 
symptoms The administiation of thjioid substance to a patient wnth 

9 Naffziger, H C Progressive Exophthalmos Associated with Disorders 
of the Thvroid Gland, Ann Surg 108 529, 1938 Lymphorrhages in Ocular 
Muscles “One of the patients suffered from nn asthenia in addition to exophthalmic 
goiter ” 

10 Norris, E H Thymoma from Unusual Case of Mi asthenia Gravis, with 
Observations on General Pathologv, Am J Cancer 30 308, 1937 

11 Means, J H The Thyroid and Its Diseases, Philadelphia, T B Lippincott 
Company, 1937, p 289 
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uncomplicated m} asthenia gravis coincided with a peiiod of remission 
of the myasthenic symptoms In two cases previously lepoited b} 
others there was some evidence of this same type of “seesaw” balance 
between myasthenia gravis and exophthalmic goitei For these reasons 
it IS suggested that the tuo diseases are mutually antagonistic Lastly, 
it IS felt that this i elation is a mattei of scientific, but not of immediate 
theiapeutic, impoitance 
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Heart failure is often regarded as one of the impoitant negative 
features of subacute bacterial endocarditis Attention has been repeat- 
edly directed to the absence of myocardial insufficiency in the disease 
In this respect subacute bacterial endocarditis has been contrasted with 
rheumatic carditis, in which heart failure may be prominent in the 
clinical picture and may exist in a chronic and advanced form How- 
ever, It IS generally admitted that heart failure may make its appear- 
ance during the late stages of the disease Toxemia, a prominent factor 
m subacute bacterial endocarditis, has commonly been considered causal 

A short outline of the literature concerning the role of heart failure 
m subacute bacterial endocarditis is given in this paper, and the opinions 
on the character and extent of the anatomic changes m the myocardium 
in this disease are discussed Observations in 40 cases of subacute endo- 
carditis are presented, with special attention to evidence of heart failure 
and anatomic changes in the heart A short discussion of these findings 
concludes the study 

REVIEW or LITERATURE 

Horder ^ wrote that arrhythmia, symptoms of inadequate response 
to effort, signs of dilatation of the heart and the results of so-called 
decompensation not only may be conspicuous by their absence but are 
unusual He also stated that there is some difference in the views of 
different observers as to tlie relative incidence of the classic signs and 
symptoms of heart failure toward the end of the couise of the disease 
He stressed that there is general agreement that for the major part of 
its course subacute bacterial endocarditis is largely destitute of cardiac 
features 

From the Departments of Internal Medicine and Pathology, the Michael Reese 
Hospital 

Presented at the eleventh annual meeting of the Central Society for Clinical 
Research, Chicago, Nov 4, 1938 

1 Horder, T Discussion on the Clinical Significance and the Course of 
Subacute Bacterial Endocarditis, Brit M J 2 301, 1920 
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Libman “ stated that it is a remarkable fact that in many cases of 
the usual type there aie no evidences of cardiac insufficiency until late 
in the couise of the disease In that less fiequently encountered con- 
dition designated as the “bacteria-free stage” of subacute bacterial endo- 
carditis, he noted ^ that myocardial insufficiency is a much more maiked 
feature than it is in the active bacterial stage 

Thayei ^ expiessed the opinion that the terminal features of infec- 
tive endocaiditis are generally those of grave septicemia He observed 
staking myocaidial insufficiency in only one fourth of 99 cases in which 
he followed the disease to a fatal termination 

Lewis ® 1 emarked that cardiac failure with congestion is rarely 
present in the eaily stages of this disease but is so frequent m the later 
stages as to be one of the chief causes of death 

A numbei of other clinical observers have expressed agieement with 
the foregoing opinions ® 

Only a few investigators have made a study of the myocardial lesions 
associated with subacute bacterial endocarditis The contributions of 
the following authois represent existing opinions 

Lewis ^ stated that there are no recognizable lesions m the heait 
muscle 

Libman ’’ i emarked that the essential lesion in the myocardium is an 
interstitial round cell infiltration, the so-called Bracht- Wachter bodies, 
that the lesions are not present m all cases and that they are not specific 

Starling ® stated that the myocardium does not sufifer severely, 
despite the fiequent observation of scattered foci of myomalacia with 
cellular infiltrations 

2 Libman, E The Clinical Features of Subacute Streptococcus (and 
Influenzal) Endocarditis in the Bacterial Stage, M Clin North America 2 117, 
1918 

3 Libman, E A Consideration of the Prognosis in Subacute Bacterial 
Endocarditis, Am Heart J 1 25, 1925 

4 Thaver, W S Observations on Rheumatic Pancarditis and Infective 
Endocarditis, Ann Int Med 5 247, 1931 

5 Lewis, T Diseases of the Heart, ed 2, New York, The Macmillan 
Company, 1937 

6 (a) White, P D Heait Disease, ed 2, New York, The Macmillan 

Company, 1937 (6) Blumer, G Subacute Bacterial Endocarditis, Medicine 2 

105, 1923 (c) Fishberg, A M Heart Failure, Philadelphia, Lea & Febiger, 

1937 (d) Laws, C L, and Levine, S A Clinical Notes on Rheumatic Heart 

Disease with Special Reference to the Cause of Death, Am J M Sc 186 833, 
1933 (c) Cotton, T F Subacute Infective Endocarditis, Brit M J 2 851, 1920 

7 Libman, E Characterization of the Various Forms of Endocarditis, J A 
M A 80 813 (March 24) 1923 

8 Starling, H J Endocarditis Lenta, Quart J Med 16 263, 1922 
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Without lefeience to the type and chaiactei of the anatomic change, 
Longcope ® mentioned that some foim of lesion may be observed in 
one-half the cases m which autopsy is performed 

Blumer stated that chronic interstitial myocarditis was noted m 
8 of 150 hearts, acute myocarditis in 2, small abscesses in 3 and focal 
necrosis and infarcts each m 2 

The contributions of Clawson,^® which appeared a decade ago, are 
noteworthy in emphasizing the extensive inflammatory change occurring 
111 the heart muscle in subacute bacterial endocaiditis Clawson stated 
that myocarditis is moie frequent m subacute bacterial endocarditis than 
in acute and recurrent rheumatic endocarditis and that the greater 
fiequency of abscesses in subacute bacterial endocarditis than m other 
forms of endocarditis is accounted foi by the lodging m the myocardium 
of infected emboli fiom the valves 

One of us (Saphir “) described faiil} widespiead inflammatory and 
degenerative changes consisting chiefly of focal necrosis, minute infarcts, 
‘\schoflF bodies and perivascular fibiosis The most frequent and char- 
acteristic lesions were minute infarcts 

In summary, the following two points aie bi ought out 1 Heart 
failuie frequently accompanies subacute bacteiial endocarditis but is 
present during only a small fraction, usually the terminal part, of its 
course The emphasis is clear!} on the lack of an} appreciable part 
played by it m the general course of the disease 2 In descriptions of 
the chaiacter and extent of the m}ocaidial lesions in this disease one 
notes a great diversit} of opinion In fact, obseivations indicate a 
gamut of changes langmg from none at all to changes of consideiable 
severity and magnitude, the general opinion being that the stiuctural 
alterations are without much significance 

It seems a remarkable fact, too, that the hteiatuie discloses few' 
studies of the extracaidiac lesions wdiich would denote the existence 
of previous heart failure of some intensity and chromcity We refer 
to the presence of chronic passive h}peiemia of the lungs, Iner and 
other viscera Such evidence, when of sufficient giade, connotes heart 
failuie and affoids mfoimation highly pertinent to the question Blumer 
found such evidence and reported chionic passne h}peiemia of the 
lungs 111 30 cases and of the liver m 53 

9 Longcope, W T The Differentiation of Acute Rheumatic Fever from 
Bacterial Endocarditis, M Chn North America 16 1029, 1933 

10 Clawson, B J Myocarditis, Am Heart J 4 1, 1928 

11 Saphir, O Myocardial Lesions in Subacute Bacterial Endocarditis, Am 
J Path 11 143, 1935 
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MATERIAL AND METHODS 

Ten of the 40 patients with subacute bacterial endocarditis came under our 
clinical obserration The clinical data on 30 cases were furnished solely by the 
hospital records It becomes a matter of great importance to find in these records 
clearcut descriptions of the objective findings indicating beyond question the 
presence of heart failure Since the expression heart failure is used to designate 
clinical states varying between those showing only signs of exhaustion of the 
cardiac reserve and those exhibiting advanced congestive failure, it was thought 
advisable to consider only cases in which objective signs were present as those of 
heart failure Edema of the dependent parts, fluid in the serous sacs, rales over 
the bases of the lungs and hepatic enlargement were relied on as signs necessary 
for the diagnosis of heart failure It is, of course, difficult to affix a definite time 
to the advent ot heart failure in a patient by studying the record alone To admit 
less error and to conform to the scope of this paper, we made the diagnosis only 
uhen the objective symptoms were of a magnitude indicating beyond doubt the 
piesence of the condition The possibility of edema of renal origin has been 
excluded as carefully as possible 

It becomes necessary to define the disease process itself What is subacute 
bacterial endocarditis^ We are aware of the fact that anatomically subacute 
bacterial endocarditis may be difficult to differentiate from acute bacterial endo- 
carditis From our experience, based on combined clinical and anatomic observa- 
tions, we have set forth certain diagnostic criteria, the presence of a majority 
of which IS taken to favor the diagnosis of subacute bacterial endocarditis These 
criteria are as follows (1) large vegetations, (2) evidence of old valvular 
lesions (rheumatic, nonspecific, syphilitic or congenital malformations) , (3) 
involvement of the adjacent mural, auricular and ventricular endocardium and the 
chordae tendineae, (4) minute ulcerations of the cusps or leaflets of the valve, 
and (5) the presence of cocci in chains in sections of the vegetations 

An autopsy was performed in every instance, and special attention was given 
to the valvular changes in the heart and to the gross and histologic appearance 
of the myocardium, lungs, liver, spleen and kidneys Blocks were taken from 
these organs, fixed in solution of formaldehyde and embedded in paraffin Most 
commonly the hematoxylin-eosm stain was used, though special stains were 
employed when necessary A more detailed histologic study of the mvocardium 
of some of these hearts has been reported previously 

The principal organs examined for chronic passive hyperemia were the lungs, 
Iner, spleen and kidneys The degree of chronic passive hyperemia in these 
organs was judged arbitrarily, the changes being classified as 1 plus, 2 plus, etc 
In the lungs, for instance, the amount of connective tissue proliferation, the relative 
number of heart failure cells and the piesence of red blood cells determined the 
stage of chronic passive hyperemia In the liver the extent of dilatation of the 
sinusoids, the accompanying changes in the liver cells and the amount of connective 
tissue in the periportal spaces were used in the determination of the degree of 
chronic passive hyperemia It should be stressed in this connection that whenever 
there was the slightest doubt as to the classification of the degree of passive 
hyperemia of the various organs, the condition was placed in the lower of the two 
categories in question 

RESULTS 

Eighteen, or 45 per cent, of our 40 patients showed frank clinical 
signs of lieait failure, such as distention of the veins of the neck edema 
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of the dependent paits, enlaigenient of the liver, fluid in the seious 
sacs and rales at the bases of the lungs In all of these 18 patients 
autopsy revealed clnonic passive hyperemia of the viscera, and most 
of them had appieciable collections of fluid m the serous sacs Heait 
failuie of an advanced grade was exhibited clinically by 11 of these 18 
patients In the other 22 patients there weie no clinical signs of myo- 
caidial insufficiency In 12 of the 22 patients autopsy showed a grade of 
chronic passive hypeiemia of the lungs, liver and other viscera hardly less 
than that seen in the former gioup of IS patients A few of the afore- 
mentioned 12 patients had accumulations of fluid m the serous sacs that 
escaped clinical lecognition This is taken as evidence that heart failure 
of some grade must have been present foi some time befoie death Foi 
the gioups studied clinically and that studied pathologically the frequenc} 
of heart failure was 75 pei cent The remaining 9 patients had no 
chronic passive hypeiemia and no clinical evidence of heart failure 

Eight patients seen for the first time ivere observed to have heart 
failure at the time of their admission to the hospital, in 10 the develop- 
ment of heart failure was noted during the course of the disease In 
all instances in wdiich heart failure w'as observed it w'as continuous and 
progressive and extended from two wrecks to twm months Five of the 
8 patients admitted to the hospital w ith heart failure died approximately 
one w^eek after admission , the remaining 3 had heart failure for a period 
loughly between one and two and one-half months The average dura- 
tion of the disease in 18 patients with heart failure w'as eight months, 
in the remaining patients it tvas approximately five months The clinical 
course of 6 of the 10 patients in whom no chionic passive hyperemia of 
the organs ivas present w'as abruptly terminated by embolic accidents 

All the hearts with gioss lesions t}pical of subacute bacterial endo- 
carditis invariably showed large vegetations and evidence of older endo- 
cardial lesions Also, the mural endocardium ivas ahvays involved 
Except in 2 hearts, the underlying lesions of the endocardium ivere those 
of either true iheumatic endocarditis or of endocarditis the cause of 
wdiich could not be determined but wdiich lesembled morphologicall} 
the rheumatic type In 1 of the 2 exceptions the heart ivas the seat of 
a congenital anomaly (patency of the intraventiicular septum, and 
1 01 amen piimum) Most of the vegetations were seen in the vicinity 
of the defects In the second instance theie was syphilitic aortitis with 
involvement of the aortic valve 

Generally the myocardium grossly w'-as light giayish brown, and often 
jellow^ dots and streaks weie seen, suggesting fatty degeneration of the 
myocardium In some instances on section the myocardium seemed 
bulging Its normal architectuie was obscured Grayish dots and 
streaks w’-eie especially cleai in the wall of the left A'entiicle - 
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Most of the gross evidence of chronic passive hyperemia at autopsy 
was in the liver and the lungs The passive hyperemia in the spleen 
and in the kidneys was sometimes obscured by acute hyperplasia of the 
spleen and acute nephritis, respectively The degree of chronic passive 
hyperemia in the various organs is gi-ven in table 1 

Histologic examination of the myocardium revealed significant 
changes In 14 instances abscesses were seen in the myocardium , most 
commonly that of the left ventricle was involved, and occasionally the 
intraventricular septum close to the endocardium of the left ventiicle 
Often areas of necrosis were seen, with only a few polymorphonuclear 
leukocytes These foci of necrosis weie intei preted as early abscesses 
Occasionally polymorphonuclear leukocytes weie seen in the interstitial 

Tablc 1 — Degree of Chionic Passive Hypei eima 
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tissue, close to the blood vessels, but areas of necrosis were negligible 
in these legions Perivascular areas of subacute and chronic inflamma- 
tion were also encountered Often the inflammatory cells were mainly 
lymphocytes, and occasionally a few polymorphonuclear leukocytes were 
intermingled with the lymphocytes Perivascular fibrosis was rather 
common It was observed in those hearts which showed Aschoff bodies 
but also was occasionally present in the absence of Aschoff bodies In 
15 instances Aschoff bodies were observed in the myocardium Only 
cellulai accumulations which unquestionably were typical Aschoff bodies, 
as described in a previous study were so designated They were 
typically located in a perivascular situation and were observed to be 
independent of other changes in the same heart The most consistent 
changes in the myocaidium were the replacement of heart muscle fibers 

12 Saphir, 0 , and Wile, S A Rheumatic Manifestations of Subacute 
Bacterial Endocarditis in Children, Am Heart J 9 29, 1933 
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by many spindle-shaped cells with a few lymphocytes and a number 
of phagocytic cells, the cytoplasm containing granules of brown pig- 
ment Often a scant new foimation of connective tissue fibers and small 



A (X ISO), minute infarct in the mj'ocardium, B (X 250), organizing infarct 
in the myocardium Hematoxylin-eosin preparation 

Lesions like these are most frequently encountered in the myocardium of patients 
with subacute bacterial endocarditis 


blood vessels was also piesent m these legions These areas could easily 
be interpreted as organizing infarcts A diligent search sometimes 
levealed emboli in the smallei blanches of the coionary arteries in 
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the vicinity of these regions The emboli consisted most commonly of 
amorphous debus which morphologically resembled the superficial por- 
tions of vegetations These infarcts were present in 27 instances 
Table 2 shows the incidence of abscesses, Aschoff bodies, minute 
infarcts, emboli, perivascular fibrosis and inflammatory changes m the 
myocardium It also gives the degree of chronic passive hyperemia 

Table 2 — Myocardial Changes in Subacute Bacteual Endocarditis 
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* In determining the degree of chronic passive hyperemia the amount of free fluids in the 
various cavities was also tahen into consideration 


which was observed in the various organs and states whether or not 
there was clinical evidence of heart failure 

An analysis of this table indicates that there is no relation between 
the presence of Aschoff bodies, abscesses or infarcts and chronic passive 
hyperemia as demonstrated at autopsy In some instances m which 
Aschoff bodies were observed in the myocardium there was only slight 
chronic passive hypeiemia m the various organs, while in other instances 
in which the myocardium showed a variety of anatomic lesions exclusive 
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of Aschoff bodies chronic passive hyperemia was severe Extensive 
infarction of the heart following coronaiy embolism occurred in 1 case 
The patient exhibited advanced congestive heart failure of two months’ 
duration 

It may be of interest to emphasize that Aschoff bodies were observed 
in 15 hearts, an incidence of 37 per cent, 9 of the patients were under 
20 and 6 were over 25 yeais of age In only 3 these 15 patients was 
heart failuie observed clinically At autopsy chronic passive hyperemia 
was obseived m 10 of the 15 cases, an incidence piactically the same 
as that for the entiie senes of 40 cases 

COMMENT 

From an examination of our data two pertinent facts are brought 
out fiist, that heart failuie occurs more frequently in subacute bacterial 
endocarditis than is commonly believed, and, second, that the heart 
muscle IS the seat of widespread anatomic change 

It will be leadily appreciated that because of lack of unanimity of 
opinion concerning the anatomic relation, confusion must exist in the 
explanations of the cause of heart failure, which we have noted to 
occur so fiequently m this disease Those who maintain that the heart 
shows no or minimal change must necessarily advance some explana- 
tion for the failure on the basis of function, and these explanations 
have not been wanting Fiequently one encounters statements to the 
effect that “poisoning,” “exhaustion,” “strain” or a combination of these 
IS causal On the other hand, those who realize, as we do, that there 
are ample structural alterations to explain the occurrence of heart failure 
may readily place it on an anatomic basis 

While it IS true that arterial embolism, sepsis, toxemia and cachexia 
are the cardinal symptoms of the disease, heart failure of some grade 
and chionicity has to be reckoned with as a feature of the disease 
Oui material is too meagei to controvert the rather common opinion 
that It IS a teiminal event The average duration of the disease in oui 
series was only a little ovei six months In point of absolute duiation, 
the heart failuie occuiiing m subacute bacterial endocarditis must 
necessaiily be relatively shoit, although oui data indicate chronicity of 
some degree This ratio may compare favorably with that for other 
inflammatory and degeneiative diseases of the heart requiring a decade 
or two foi their lesolution It would be intriguing, if it were possible, 
to discein major differences m the clinical pattern m the different forms 
of heait disease There has been so much emphasis on the absence of 
heart failuie m subacute bacteiial endocarditis until the very late stages 
that a “pattern” here appeals well defined After ciitical examination 
of what has been said on this matter and analysis of our own data it is 
difficult to discern leal differences between the disease under discussion 
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and other forms of heart disease In the presentation of a series of 
cases so limited as this the question arises as to whether they are “repre- 
sentative,” for the disease is one of great variability and is often short- 
ened by embolic accidents On this point it may be said that many 
reports dealing with the subject are based on series no larger than ours 
The lack of significant alterations m the electrocardiograms of 
patients with subacute bacterial endocarditis has further supported the 
popular contention that the heart muscle escapes any significant struc- 
tural change in this disease In the electrocardiogi apliic studies of 
Rothschild, Sacks and Libman'^^ and also m those of Levy and Turner 
this feature has been contrasted with the observations in cases of rheu- 
matic infection, in which abnormalities in the ST segment and other 
electrocardiographic changes are frequently noted in serial curves In 
commenting on this point. Swift accepted this as evidence of the 
“lack of parenchymatous irritation” in the heart in subacute bacterial 
endocarditis From the conclusions reached by Rothschild, Sacks and 
Libman one can only infer that serial curves were obtained on patients 
with subacute bacterial endocarditis, though the authors have clearly 
indicated that they were obtained on patients in the rheumatic group 
Levy and Turner were careful to state that graphic records for the 
nonrheumatic group were secured at less frequent intervals They 
studied the records of only 23 patients with subacute bacterial endo- 
carditis and compared them with those of 403 patients comprising the 
rheumatic group With the disproportionately large number of patients 
in the latter who were followed more systematically, it is obvious that 
no conclusions as to the comparative frequency of electrocardiographic 
alterations in the two groups may be justly drawn With lesions so 
widespread as we found them in the myocardium a high incidence of 
electrocardiographic alterations might be expected to be found m serial 
curves Unfortunately, our material is too fragmentary to make pos- 
sible any comment except that significant changes in the ST segment 
and the T wave were observed in the few cases so studied If the 
Aschoff bodies are responsible for the fleeting changes seen m the electro- 
cardiogram in acute rheumatic infection (Cohn and Swift admitted 
this possibility), it may be pertinent to ask why Aschoff bodies in the 
myocardium in cases of subacute bacterial endocarditis should not cause 

13 Rothschild, M A , Sacks, B, and Libman, E The Disturbances of the 
Cardiac Mechanism in Subacute Bacterial Endocarditis and Rheumatic Fever, Am 
Heart J 2 356, 1926 

14 Levy, R L, and Turner, K B Impaired Auriculoventricular Conduction 
in Rheumatic Fever A Comparative Study with Diagnostic Applications, Arch 
Int Med 43 267 (Feb ) 1929 

15 Swift, H F The Heart in Infection, Am Heart J 3 629, 1928 

16 Cohn, A E, and Swift, H F Electi ocardiographic Evidence of Myo- 
cardial Involvement in Rheumatic Fever, J Exper Med 39 1, 1924 
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similar electrocai diographic changes This question is laised merely 
for argument, for apart from the presence of Aschoff bodies, which are 
frequently seen in association with subacute bacteiial endocarditis (they 
were present in 37 5 per cent of our cases), there aie other lesions which 
might readily pioduce all the fleeting electrocardiographic changes seen 
in cases of iheumatic disease It also may be worth while to comment 
that when this study was first undertaken it was thought that the 
coexistence of specific iheumatic infection and subacute bacteiial endo- 
carditis would serve as a clue to the development of heart failure in the 
latter disease, a piesumption which was not borne out 

The study of the m}ocardium clearly indicates why heart failure 
was present m some instances As a matter of fact, in the light of 
these investigations it seems remarkable that chronic passive hyperemia 
was not more pronounced than it was, because of the severe changes in 
the myocardium m almost eveiy instance It is remarkable that the 
myocardium may be as severely damaged as in some of our cases and 
chronic passive hyperemia be relatively slight From this study it also 
seems clear that theie is no distinct relation between anatomic myo- 
cardial changes and clinical evidence of heart failure From the anatomic 
point of view, moieover, it is difficult to believe that a patient whose 
myocaidium is so seveiely damaged does not show more clinical evi- 
dence of myocardial failure On the other hand, when heart failure 
was present in these cases of subacute bacterial endocarditis, anatomic 
changes in the myocaidium were invariably observed It seems evident 
that in some patients with seveie myocardial changes the reserve power 
of the undamaged myocaidial fibers is so gieat that theie is little 
evidence of heait failuie and, vice veisa, that in other patients with 
fewei anatomically demonstrable myocardial changes the leserve powei 
of the appaiently unharmed muscle is so limited that heart failure ensues 
Of course, the presence of toxemia with dilatation of the capillary bed 
should also be considered in explanation of the heait failure, but it 
seems piobable that such hypothetic paralysis of the vasculai bed is 
present in all cases of subacute bacterial endocarditis, with severe or 
with less seveie myocardial lesions Yet some of the patients die with 
no 01 with slight clinical evidence of heart failure, while otheis exhibit 
evidence of seveie heart failure It seems, therefore, that there is no 
relation between heart failuie and demonstrable damage of the myo- 
cardium It appeal s, rather, that the state of the apparently undamaged 
muscle determines whether the myocaidium in these instances becomes 
insufficient or whethei it is able to maintain its function To this 
intangible and varying leserve power of the uninvolved muscle fibers, 
which also governs the fate of the infarcted arteriosclei otic heart, must 
be ascribed the apparent discrepancy between clinically observed heart 
failure in one patient and its absence m anothei 
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SUMMARY AND CONCLUSIONS 

Heait failuie of a fairly advanced giade was seen m 18 of 40 
patients with subacute bacterial endocarditis, a clinical frequency of 45 
pel cent At neciopsy the various organs showed a marked degree of 
chronic passive hyperemia in every instance, and there were fiequentl)- 
accumulations of fluid m the serous sacs 

The presence of marked chiomc passive hyperemia of the lungs, liver 
and othei viscera in 12 additional patients in whom the heart failure was 
not recognized clinically indicates that here, too, it must have been 
present for some time The combined frequency of heart failure for 
the groups studied pathologically and that studied clinically was 75 per 
cent 

Ten patients had no chionic passive hypeiemia The clinical course 
of 6 of these was teiminated by the ruptuie of mycotic aneurysms 

Extensive myocardial lesions are observed uniformly in patients 
who die of subacute bacterial endocarditis They consist of minute 
emboli, infarcts and abscesses, diffuse inflammation, Aschoff bodies 
and perivascular fibiosis 

These structural alterations are adequate to explain the advent of 
heart failure in this disease They are of such magnitude and intensity 
as to make it lemaikable that heart failure is not even more marked 
than we found it to be 

It IS not necessary to invoke such general causes as toxemia oi 
exhaustion to explain the advent of heart failure in subacute bacterial 
endocarditis 

The coexistence of rheumatic myocarditis and subacute bacterial 
endocarditis cannot be considered causal in the development of heart 
failure 
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Duiing the eight years that followed Robeits’^ obseivation of an 
increase in seium phosphatase in the presence of jaundice, numerous 
statistical studies and many experiments ha\e been carried on to eval- 
uate it as an aid in differential diagnosis The mechanism accounting 
foi the rise in serum phosphatase has not been satisfactorily described 
Roberts stated that there is a pronounced increase in phosphatase in 
obstructive and in catarihal jaundice He suggested that this denotes 
nothing more than an expression of the presence of bile constituents in 
the blood, since bile itself has a high phosphatase content In 1933 he* 
stated that this premise does not explain all the facts He leached the 
conclusion, based on a study of 52 cases, that toxic, infective and 
catarihal jaundice may be readily distinguished from jaundice of the 
obstructne type by characteristic values of phosphatase 

Subsequent investigators have not found this to be the case in the two 
types of jaundice A review of the literature can be found in the articles 
by Greene, Shattuck and Kaplowitz,^ Rothman, Meranze and Meranze,^ 
Cantaiow and Nelson ® and Flood, Gutman and Gutman Some ot the 

From tlie Department of Laboratories of the Jewish Hospital of Brooklyn, 
Dr Max Lederer, Director 

1 Roberts, W M Variations in the Phosphatase Actnih of the Blood in 
Disease, Brit J Exper Path 11 90, 1930 

2 Roberts, W M Blood Phosphatase and the van den Bergh Reaction in 
the Differentiation of the Several Types of Jaundice, Brit M J 1 734, 1933 

3 Greene, C H , Shattuck, H F, and Kaplowitz, L Phosphatase Content 
of Blood Serum m Jaundice, J Clin Investigation 13 1079, 1934 

4 Rothman, M M , Meranze, D R , and Meranze, T Blood Phosphatase as 
an Aid in the Differential Diagnosis of Jaundice, Am J M Sc 192 526, 1936 

5 Cantarow, A , and Nelson, J Serum Phosphatase m Jaundice, Arch Int 
Med 59 1045 (June) 1937 

6 Flood, C A , Gutman, E B , and Gutman, A B Phosphatase Activity, 
Inorganic Phosphorus and Calcium of Serum in Disease of the Liver and Biliary 
Tract Study of One Hundred and Twenty-Three Cases, Arch Int Med 
59 981 (June) 1937 
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investigatois have substantiated the findings of Robeits, namely, that 
the serum phosphatase value is greater than 10 units m cases of obstruc- 
tive jaundice while in the hepatocellular form of jaundice, which includes 
the toxic and the infective type, the value is 10 units or less Rothman 
and his co-workers found this test to be of greater clinical value than 
any othei available test in differentiating between obstructive and non- 
obstructive jaundice Other investigators, however, found such vaiiable 
results in cases of hepatocellular jaundice that they concluded the test 
to be unieliable For example, Cantarow and Nelson found that the 
serum phosphatase was below 10 units in 24 per cent of 50 cases of 
obstructive jaundice and m 366 per cent of 41 cases of hepatocellular 
jaundice, an observation which limits the practical significance of serum 
phosphatase fiom the standpoint of differential diagnosis 

The results of experimental procedures also have not been constant 
By ligating the common bile duct in dogs, Bodansky and Jaffe,’’ Arm- 
strong, King and Harris ® and Thannhauser and his co-workers ° pro- 
duced a maiked and progressive rise in serum phosphatase A similar 
procedure in cats did not cause a rise Hartman and Schelling,^® Arm- 
strong and lOng and Freeman, Chen and Ivy produced hepatic 
damage by diffeient methods and noticed an increase m the serum 
phosphatase 

Flood and his colleagues ® suggested that some of these inconsistencies 
may be due to the method used in estimating phosphatase activity They 
pointed out that there are important differences m the classifications of 
jaundice employed by vaiious investigators, as well as in the criteria 
considered necessary for definitely establishing the cause and type of 
jaundice They finally pointed out the difficulty of drawing a sharp dis- 
tinction between obstructive and hepatocellular jaundice for diagnostic 
pui poses, It IS probable that in the lattei disorder also obstruction plays 
some role 

7 Bodansky, A , and Jaffe, H L Phosphatase Studies Increase of Serum 
Phosphatase After Bile Duct Ligation in the Dog, Proc Soc Exper Biol & 
Med 31 1179, 1934 

8 Armstrong, A R , King, E J , and Harris, R I Phosphatase in Obstruc- 
tive Jaundice, Canad M A J 31 14, 1934 

9 Thannhauser, S J , Reichel, M , Grattan, F J , and Afaddock, S J The 
Effect of Experimental Total Biliary Obstruction on the Serum Phosphatase 
Activation in Dogs and Cats, J Biol Chem 121 697, 1937 

10 Hartman, F W, and Schelhng, V Serum Phosphatase in Experimental 
Insufficiency of the Liver, Arch Path 18 594 (Oct ) 1934 

11 Armstrong, A R, and King, E J Serum Phosphatase in Toxic and 
Hsemolytic Jaundice, Canad M A J 32 379, 1935 

12 Freeman, S , Chen, Y P , and Ivy, A C On the Cause of the Elevation 
of Serum Phosphatase in Jaundice, J Biol Chem 124 79 1938 
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Cantarow and Nelson ° stated the belief that it is useless in the 
present state of knowledge to speculate about the possible mechanism 
which produces an increase of serum phosphatase in obstructive and 
hepatocellular jaundice They pointed out that an increase cannot be 
explained, as implied by Heibert,^^ on the basis of obstruction to the 
flow of bile, either extiahepatic or intrahepatic Cases m which the 
icterus index is high in the presence of a normal value for serum phos- 
phatase and in which serum phosphatase values are increased in the 
presence of a noimal icterus index weie reported bv Greene and his 
colleagues “ and otheis Rothman and his co-workers^ pointed out the 
impoitance of the relation of serum phosphatase to the icterus index 
as an aid in diflerential diagnosis A value of about 10 units for serum 
phosphatase in the presence of an increasing icterus index points toward 
a hepatocellular disoider 

Thannhauser and his co-woikeis^' threw much light on this subject 
by a series of expenments on dogs and cats and expeiiments m vitro 
They inteipieted the rise in serum phosphatase aftei biliary obstruction 
as due to increased activation of the enzyme and not to actual increase 
in the amount of ciiculatmg phosphatase as previously supposed The 
bile of dogs contains from 25 to 55 units of phosphatase pei hundred 
cubic centimeteis, an indication of almost complete activation of the 
phosphatase in gallbladdei bile After producing a complete biliary 
fistula, the authois found a paradoxic increase in seium phosphatase 
Furthei experiments demonstrated the ability of bile salts to decrease 
the activation of serum phosphatase They concluded that what has 
always been regaided as an inciease in the serum phosphatase in the 
presence of disease is not an actual mciease in enzyme but merely an 
activation of phosphatase normally present The mechanism of actua- 
tion 111 jaundice is dependent on an activating substance (a cofactor, or 
coenzyme, which has not yet been isolated or identified") and a depiessing 
substance (like bile salts) Theiefoie, when there is an obstruction 
damming up both, since the cofactor is moie powerful as an activating 
agent than the bile acids as depiessois, the net result is an increase in 
the activity of serum phosphatase The authors stated that the lesultant 
activation of phosphatase must repiesent the outcome of leactions in a 
complex system consisting of enzyme, oxidation-i eduction potential 
and substrate Human disease may therefore originate fiom an excess 
of any of the factors m the system Howevei, the experimental basis 
of these conclusions has recently been questioned, theiefore, they must 

13 Herbert, F K Plasma Phosphatase in the Various Types of Jaundice, 
Brit J Exper Path 16 365, 1935 

14 Thannhauser, S J , Reichel, kl , and Grattan, J F Studies in Serum 
Phosphatase Activity, J Biol Chem 121 697, 1937 
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be held m abeyance for the present (King and Delory and Thann- 
hauser, Reichel and Grattan 

All investigators agree that serum phosphatase does not use m cases 
of jaundice of purely hemolytic origin It is on the application of this 
test as a means of differential diagnosis between hepatocellular and 
obstructive jaundice that the investigators disagree In cases of obstruc- 
tive jaundice the rise in serum phosphatase is fairly constant, and this 
fact has formed the basis of a valuable diagnostic test This has been 
proved experimentally by ligating the common bile duct and noting the 
rise m serum phosphatase In cases of hepatocellular jaundice, the 
results have been too variable to serve as a diagnostic aid, ranging from 
normal to increases of 50 units The experimental procedures noted, 
produced to cause hepatic damage, have brought varying results, includ- 
ing marked increases Thannhauser and Freeman, Chen and Ivy even 
m the presence of a complete biliary fistula, noticed an increase in serum 
phosphatase With the clinical observations and experimental results 
described, it has been a difficult and discouraging problem to account for 
the rise in serum phosphatase in order to use it as a clinical aid The 
general confusion concerning this problem has been further increased 
by three types of clinical cases 

1 In some cases of cholecystitis, as reported by Cantarow and 
Nelson,® Greene and his co-workers® and confirmed m our studies, 
the icterus index is within normal limits or slightly elevated, but the 
value of serum phosphatase is increased even to 34 units The cause 
for this increase has not been definitely explained hitherto 

2 In cases of congenital anomalies of the extrahepatic bile ducts m 
the newborn reported by Cantarow and Nelson ® and Thannhauser,'^'^ in 
which the icterus index was markedly increased, the serum phosphatase 
values were, surprisingly, normal This paradox, that obstruction exists 
and the serum phosphatase value is normal, has been difficult to explain 

It IS interesting to note that here are two types of case in which the 
icterus index and serum phosphatase values do not show the usual 
relation This has been noted before 

3 A thii d type of case exists, in which the biliary system is obstructed 
with resultant jaundice and the serum phosphatase value is normal or 
only slightly increased 

Correlation of the facts revealed by statistical data and experimental 
work has led to conclusions which have not always been consistent For 

15 King, E J, and Delory, G E Ascorbic Acid and Phosphatase Activity, 
Biochem J 32 1157, 1938 

16 Thannhauser, S J , Reichel, M, and Grattan, J F The Effect of 
Ascorbic Acid on Beta-Glycerophosphate, Biochem J 32 1163, 1938 

17 Thannhauser, S J Personal communication to the authors 
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instance, it is known that the mucosa of the small intestine is relatively 
rich in phosphatase (Cantarow On the assumption that the enzyme 
passes into the portal stieam through the same circuit as the bile pig- 
ments, even an hepatocellular obstiuction should cause a constantly high 
serum phosphatase value if obstruction is the only factoi involved 
That this is not the case has already been shown If all the phos- 
phatase originates m the osseous system it is again difficult to explain 
Its failure to use in some cases of acute hepatitis when an obstruction 
IS present as indicated by the accumulation of bile pigments in the 
blood stream One might assume that the permeability of the cells of 
the liver through which the enzyme must pass is altered by certain con- 
stituents The change in permeabiht)' may aftect the enzyme or its 
activating substance m different ways, and this ma)’’ account for the 
variable values in serum phosphatase 

The physiologic basis for the origin of this enz3'me, its circulation and 
the influence of various substances on it, has been postulated by previous 
investigators In addition to the physiologic factors, we investigated the 
underl3ung pathologic changes which cause increased phosphatase \alues 
in the serum This was done by experimental work on dogs In this 
publication the result of an attempt at clinical correlation between the 
disorders of the liver and the biliaiy S3 stem and the variable serum 
phosphatase i allies is desciibed Clinical and experimental evidence 
indicate that the liver cells play no part m the formation of bile pigment 
but merely secrete it into the bile ducts In the case of phosphatase 
metabolism, howeier. the hvei pla3's moie than a passive role, and this 
probabl3'' explains the diffeient values in the hepatocellular t3'pe of 
jaundice 

On the basis of our experiments we concluded that the most likely 
explanation is the pioduction of phosphatase or an activating substance 
b3’' the liver , when the liver cell is damaged the production of the actuat- 
ing principle or actual cnz3mie is diminished Accoi dingl3'^, the rise in 
serum phosphatase m cases of hepatic and bihar3' disorders probably 
is dependent on two factors (1) the state of the hvei cells and (2) 
the degree of bihar3’^ obstruction We attempted to apply these con- 
clusions to cases of hepatic and biliaiy disease, in all of which the 
undei l3nng pathologic conditions of the hepatic pai ench3nna v ere borne 
in mind 

In cases of extrahepatic obstiuction, the hepatic parenchyma differs 
microscopicall3’’ fiom that in cases of hepatocellular jaundice in vhich it 
is damaged to varjnng degrees The presence of some obstruction to 

18 Cantarow, A Review of Phosphatase Activit}’- and Calcium and Electro- 
lyte Metabolism, Internat Chn 1 230, 1936 

19 Schiffmann, A, and Winkelman, L Influence of the Liver on Serum 
Phosphatase, Arch Int Med 63 919 (Mav) 1939 
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the biliary system also in the latter condition has already been sug- 
gested by Flood and his colleagues ® 

A table of illustrative cases of various hepatic manifestations, in 
the majority of which some degiee of hepatocellular jaundice occurred 
IS presented All the laboratory tests are listed in order to provide a 
basis foi comparison and to indicate that their adequacy is limited unless 
the underlying pathologic state of the liver also is taken into account 

Certain cases m which diagnostic difficulties were encountered are 
leported briefly 

Case 6 — J A , a 24 year old white man, was admitted to the hospital com- 
plaining of an insidious onset of jaundice for the past year and enlargement of the 
abdomen On admission his temperature, pulse, respiration and blood pressure 
were normal The liver and spleen were enlarged The impression was that the 
patient had hypertrophic biliary cirrhosis (Hanot’s type) 

Case 7 — L A , a 38 year old white woman, was admitted to the hospital 
complaining of epigastric pain, chills and icterus Her liver was enlarged to the 
iliac crest and was tender Five years before she had had a cholecystectomy One 
year later stricture of the common bile duct developed, and she underwent an 
operation to transplant the uninvolved duct to the duodenum The impression was 
that she was suffering from acute cholangitis During her stay at the hospital 
pneumococcic sepsis and terminal acute endocarditis developed Permission for 
autopsy was not obtained 

Case 8 — S N , a SO year old white woman, was admitted to the hospital 
complaining of jaundice of the skin and the scleras coming on after an infection 
of the upper part of the respiratory tract She was discharged improved with 
the diagnosis of toxic hepatitis 

Case 9 — P B , a 70 year old white woman, was admitted to the hospital 
complaining of pain which had been present in the right upper quadrant of the 
abdomen and the epigastrium for six weeks One and a half years previously 
she had had a similar attack with jaundice and clay-colored stools The liver 
was definitely enlarged but not tender Her course was unfavorable, progressive 
ascites developed, and she died after twenty-two days in the hospital 

Case 10 — E S , a 58 year old white woman, was admitted to the hospital for 
the thirteenth time for jaundice, edema of the ankles and anorexia On the pre- 
vious admissions a diagnosis of cirrhosis of the liver had been made The liver 
and spleen were not felt 

Case 15 — A J , a 35 year old white man, was first admitted to the hospital 
on Sept 9, 1937, with symptoms of acute cholecystitis He improved rapidly 
without operation and was discharged on September 16 He was readmitted 
on April 25, 1938, with a history of nausea, vomiting, belching and abdominal 
pain of five days’ duration, which had become progressively worse up to the 
time of admission His urine had been dark for two days before admission, and 
jaundice was noted on the day preceding admission For the preceding five days 
his temperature had ranged between 101 and 103 F On admission he appeared 
acutely ill His temperature was 103 4 F and his pulse rate 120 per minute There 
was jaundice of the skin and the scleras Tenderness and moderate muscular 


Comparative Data tit Fifteen Cases of Hepatic Manifestations 
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spasm were present in the right upper quadrant of the abdomen The clinical 
diagnosis was exaceibation of chronic cholecystitis, cholelithiasis and obstructive 
jaundice He was prepared for operation by intravenous and subcutaneous adminis- 
trations of dextrose Operation with the patient under spinal and general anesthesia 
was performed approximately thirty hours after admission The liver was found 
to be enlarged 2 fingerbreadths below the costal margin and was swollen, edematous, 
yellow-green, smooth and tense The gallbladder was small, with omentum 
wrapped around it It was edematous and hemorrhagic and contained brown-green 
bile with small pigmented calculi, one of which was impacted in the cystic duct 
The common duct was edematous and thick walled, and calculi ■were palpable 
in the common hepatic duct 

The common bile duct contained many small calculi, which were removed 
The calculi in the hepatic duct could not be dislodged and remo-ved, because of 
the edema of the duct Postoperati\cly the patient was given a transfusion of 
whole blood, and fluids were injected intravenously His condition rapidly became 
poor, the jaundice increased, and he died approximately’ twenty -fi\e hours after the 
operation, with the clinical picture of acute hepatic degeneration (liver death) 
Preoperative determinations are given in the table 

From the table, it is seen that the serum phosphatase values vary 
from normal levels to 43 units in cases of hepatocellular jaundice How- 
ever, if the underlying state of the hepatic parenchyma is considered in 
addition to the degree of biliary obstruction, a satisfactory explanation 
suggests Itself In case 6, in which the listed tests of hepatic function 
indicate fair functioning of the hepatic parenchyma as well as obstruc- 
tion in the biliaiy system, the value foi serum phosphatase was 43 units 
In this case, both equally important factors are present, namely, good 
functioning of the hepatic parenchyma and an obstruction This idea 
is more clearly brought out when cases 13 and 14 are compared with 
case 1 In the former, the serum phosphatase nevei rose to more than 
7 7 units In these cases severe mtrahepatic (hepatocellular) obstruc- 
tion was evidenced bj"^ the claj’-colored stools and the quantity of bile 
pigments in the blood stream In the cases of acute 'yellow atrophy in 
which autopsy was performed the extremely poor condition of the hepatic 
parenchyma was revealed (figs 1, 2, 3 and 4) Case 1 is another 
instance of hepatocellular obstruction in which autopsy y\as pei formed, 
but in this case the serum phosphatase values were increased to 21 units 
It IS tiue that the patient had much less hepatocellular obstruction, but 
the hepatic paienchyma was much better preseived In interpreting the 
significance of the value of 21 units for seium phosphatase, the role of 
the two factors mentioned must be considered Here, theiefore, are 
two examples of hepatitis, with different serum phosphatase values The 
explanation lies not only in the degiee of obstiuction but in the under- 
lying pathologic state of the hepatic parench} ma, i e , the degree of 
hepatocellulai damage The seium phosphatase values obtained in cases 
of seveie hepatitis and acute yellow atrophy must therefore not be con- 
sidered negative results or instances in which this test is valueless The 




Fig 1 (x 160) — The architecture of the liver is destroyed The hepatic 
parenchyma is represented by pink and lavender amorphous material, containing a 
diffuse scattering of small round cells, some golden-brown pigment granules, large 
mononuclear cells, a few plasma cells and an occasional polymorphonuclear 
leukocyte 
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kH. 



Fig 3 (X 160) — Scattered throughout the tissue is an occasional large Iner 
cell with one or more nuclei 



Fig 4 (X 711) — High power magnification of the section shown m figure 3 
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finding of normal serum phosphatase when a definite biliary obstiuction 
IS present should be mterpieted along with the other laboratory data, 
especially the total cholesterol and the latio of free to total cholesterol 
in arriving at a conclusion regarding the condition of the hepatic 
parenchyma 

From these statistical studies and the studies of others, especially 
Cantarow and Nelson,® we have found that it is practically impossible 
to define the different types of jaundice cleaily by characteristic values, 
those of 10 units or above signifying obstructive jaundice and those below 
10 units hepatocellular jaundice This is especially true for the latter 
condition, m which the values may vary markedly 

From the table one well known fact is brought out cleaily, namely, 
that there is no one adequate test of hepatic function With the multi- 
plicity of its functions, it is not surprising that the liver can be normal 
with respect to one function and show abnoimahties in another To 
mterpiet each test individually and to correlate its result with the lole 
that the liver plays m the paiticular function tested will lead to bettei 
clinical interpretations and less disappointing results 

It IS Intel esting to correlate the values for serum phosphatase with 
those for cholesterol as an index of the state of the hepatic parenchyma 
In cases of extiahepatic obstruction, the rise in serum phosphatase 
accompanies the rise m total cholesterol, but when the hepatic paren- 
chyma IS damaged the total cholesterol, especially the cholesterol ester, 
is decreased (Epstein and Greenspan-®), and the serum phosphatase is 
normal or only slightly increased even m the piesence of an obstruction 
This relation and the proper interpretation of serum phosphatase values 
in clinical cases of jaundice of questionable causation should piove of 
great value to the clinician and surgeon The following case is offered 
as an example 

J M , a 61 year old white man, was admitted to the hospital with a history 
•of progressive jaundice for the past two weeks Up to that time he had enjoyed 
excellent health He then began to have a poor appetite, felt nauseated and vomited 
For three days he had had acholic stools There Avas no history of pain Several 
days prior to admission his jaundice began to decrease, and his stools became 
darker On examination, his liver was palpable in the midline and just to the 
right of the umbilicus, 3 fingerbreadths below the costal margin There was 
no tenderness Carcinoma of the head of the pancreas with obstructive jaundice 
being suspected, an exploration was performed two days after his admission The 
liver was found to be enlarged to the level of the umbilicus, the right lobe more 
involved than the left Ihe liver itself was smooth, slate colored and mottled, 
with no evidence of palpable masses There was no evidence of extrabiliary 
obstruction No other pathologic condition Avas found m the abdomen The patient 
made an uneventful recovery. The case is therefore one of intrahepatic (hepato- 
cellular) jaundice 

20 Epstein, E Z , and Greenspan, E B Clinical Significance of the 
Cholesterol Partition of the Blood Plasma in Hepatic and in Biliary Diseases, 
Arch Int kled 58 860 (Nov ) 1936 
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LABORATORY DATA 

The urine contained bile pigments and small amounis of uiobilinogen 
Bile pigments were always present in the feces Blood detei minations 
on several dates were as follows 
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In this case the cause of jaundice was a problem of difteiential diag- 
nosis If it had been a case of extrahepatic obstruction, e g , caicinoma 
of the head of the pancreas as suspected, there would ha\e been higher 
values for total cholesterol and an increase in serum phosphatase The 
total cholesterol ^^as at the lower limit of, or slightly below, normality, 
and there was a maiked increase in the percentage of fiee cholesterol 
(The noimal values of total cholesteiol as determined by the technic 
employed at the Jeuish Hospital of Brooklyn ranges from 160 to 250 
mg per hundred cubic centimeters, the percentage of free cholesterol 
ranging fiom 24 to 30 per cent ) In four determinations of seiuin 
phosphatase the values did not use abo^e 104 units These findings 
aie characteristic foi hepatocellulai disease, which laparotomy proved to 
be piesent 

With the concept that serum phosphatase values in hepatic and biliaiy 
disorders depend on the functional state of the liver cell and the extent 
of biliaiy obstruction, an explanation is now offeied foi the paradoxic 
results in three types of cases 

To explain the use in serum phosphatase in cases of cholecystitis, 
we lefer to the degree of biliary obstiuction To quote Chailes H 
Mayo-- “In cholelithiasis the formation of gallstones is not piimaiy, 
but there is fiist biliary tension, next hepatitis oi grades of cholangitis, 
and third, cholecj'^stitis ” The slight amount of biliary obstiuction from 
the developing cholangitis is enough to cause a rise in serum phospha- 
tase but not in the icteius index It has been sho^^n ’’’ that obstruction 
of only one seventh, appi oximately, of the biliary system of a dog will 
cause moie than a tenfold rise in seium phosphatase but no accumulation 
of the bile pigments 

21 Free cholesterol X 100 

Total cholesterol 

22 Atayo, C H Unappreciated Hepatic Function, in Contributions to the 
Medical Sciences in Honor of Dr Emanuel Libman by His Pupils, Friends and 
Colleagues, New York, International Press, 1932, vol 2 
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In cases of congenital anomalies of the bile ducts in newborn infants, 
the use in the icteius index is readily accounted for Microscopic 
examination of the livers in such cases reveals the varying degiees of 
degeneiation Therefore, even though there is an extrahepatic obstruc- 
tion, the rise m serum phosphatase does not follow, because of the 
equally impoitant factor, namely, the poor functional state of the livei 
cell 

In cases of cinhosis of the liver, the serum phosphatase values vary 
from noimal to 21 units This may be accounted foi by the different 
degiees of hepatic damage and biliary obstruction that exist in these 
conditions 

In some cases of extrahepatic obstiuction (jaundice caused by a 
biliary calculus), the values of serum phosphatase often change, depend- 
ing on the degree of obstruction In the third type of case, exemplified 
by case 15 in the table, there evidently is some degree of obstruction 
Phosphatase values do not decrease as quickly as the icteius index when 
the obstruction is leleased, as proved clinically and expei imentally by 
Armstrong and King In case 15 the patient had had several attacks 
of cholangitis pieviously, and his hepatic parenchyma was piobably 
damaged This kind of hepatic condition may be the type that predis- 
poses to liver death, as noticed by Giaham^® The normal or only 
slightly inci eased phosphatase value in the piesence of a high icterus 
index, with a clinical stoiy of extiahepatic obstruction, leads one to 
believe that in this case, although a ceitain degree of obstruction was 
present, the pool state of the liver cell prevented moie than a slight 
increase in serum phosphatase and was the underlying cause of the 
rapid death Unfortunately pei mission foi autopsy was not obtained 

CONCLUSION 

1 In cases of hepatocellular jaundice with obstiuction, serum phos- 
phatase values lemam normal or inciease slightly if the hepatic paren- 
chyma IS seveiely damaged 

2 In cases of hepatocellular jaundice in which obstruction is definitely 
piesent and the hepatic parenchyma is in a good functional state, serum 
phosphatase values are markedly inci eased The amount of increase is 
not clearly chaiacteiistic but depends on two factors (a) the func- 
tional state of the hvei cell and (&) the extent of biliary obstruction 

3 Seium phosphatase values are a valuable aid in the differential 
diagnosis of jaundice These values must be mtei preted along uith 
other hepatic tests to leveal the metabolic and functional state of the 
hepatic paienchyma and the patency of the biliary channels 

23 Giaham, E A Lowering Iilortalitv After Operations on the Biliarj 
Tract, Illinois M J 60 196, 1931 
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INFECTIOUS DISEASES 
HOBART A REIMANN, MD 

PHILADELPHIA 

In tiie field of infectious diseases during the past year chemotherapy 
demanded the most attention Notable advances in knowledge were 
made also with respect to the lelationship between certain infectious 
diseases of animals and those of man, to which considerable space has 
been given m this review Perhaps the most interesting and important 
single contribution was the discovery of an enzyme in bacilli found in 
the soil -which actuall) destro}s giam-positive cocci in the test tube 
and in the animal body 

SULFANILAiMIDE AND SULFAPYRIDINE (2 [PARAAMINOBENZENE 
SULFON \MIDO] P\RIDINE) IN THE TREATMENT OF 
\ARIOUS INFECTIONS 

Limitation of space permits only a brief resume of the subject 
Lest this become a review of revie\vs, the readei is referred to a number 
of general papers and monogiaphs on sulfanilamide and i elated com- 
pounds ^ 

American - and British ^ in-\ estigators strengthened the view'^ pre- 
viously held that sulfanilamide exeits its beneficial effect in certain 
infectious diseases by limiting oi pi eventing the growth of bacteiia, 
thus permitting the body to develop its own immune mechanism to 
overcome infection Theie is no evidence to show that increased action 

1 (a) Holman, W L, and Duff, G L Sulfanilamide and Similar Com- 
pounds m Chemotherapy, Am J M Sc 195 379-416 (March) 1938 (6) Whitby, 

L Chemotherapy of Bacterial Infections, Lancet 2 1095-1103 (Nov 12) 1938 
(c) Long, P H, and Bliss, E A The Clinical and Experimental Use of Sulf- 
anilamide, Sulfapyridine and Allied Compounds, New York, The Macmillan Com- 
pany, 1939 (d) Mellon, R R, and Gross, P Sulfanilamide Therapy of Bacterial 

Infections with Special Reference to Diseases Caused by Hemolytic Streptococcus, 
Pneumococci, Meningococci and Gonococci, Springfield, 111 , Charles C Thomas, 
Publisher, 1938 (c) Marshall, E K Bacterial Chemotherapy The Pharmacol- 

ogy of Sulfapyridine, Physiol Rev 19 240-269 (April) 1939 

2 Long, P H , Bliss, E A , and Femstone, W H Mode of Action, Clinical 
Use and Toxic Manifestations of Sulfanilamide, J A M A 112 115-121 (Jan 14) 
1939 

3 McIntosh, J, and Whitby, L The Mode of Action of Drugs of the 
Sulphonamide Group, Lancet 1 431-435 (Feb 25) 1939 
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of phagocytic cells, neutralization of toxins or direct effect on the 
bacterial cell body or capsule takes place Bactenostasis is presumably 
brought about by some interference with the nutrition of the bacterial 
body which prevents growth oi multiplication 

Shaffer advances evidence to show that sulfanilamide and sulfa- 
pyridine exert their therapeutic and toxic effects through oxidation 
products formed by the action of atmospheric oxygen on these sub- 
stances under the catalytic influence of respiring tissues or organisms 
Other work shows that pneumococci which become "sulfapyndine- 
fast” suffer a loss of dehydrogenase activity against certain carbon 
compounds 

A new compound, sulfapyridme, was introduced^ in 1938 as an 
agent more effective than sulfanilamide against pneumococcic infections 
in mice It was also supposedly less toxic for the patient than sulfanil- 
amide, but the work of Marshall and co-workers ® does not support this 
view Until more is known about the drug, it should not be used in 
conditions for which sulfanilamide is effective 

Workers in general who intend to publish obser\ations on the 
therapeutic effects of any sulfanilamide compounds should read the 
critical comments of Marshall ^ and of others on the indiscriminate use 
of newly introduced drugs 

Pneumococac Infections — Interest stimulated by leports from 
England as to the greater effectiveness of sulfapyridme as compared 
with sulfanilamide against pneumococcic infection in mice has led to 
widespread use of the drug in the treatment of patients with pneu- 
monia and meningitis, although knowledge of its effectiveness in these 
composite diseases has not yet been established In many cases the drug 
IS given on the first appearance of any infection of the respiratory tract 
If this custom becomes general, much harm will follow Uncontrolled 
and careless use of any valuable drug injures its reputation Sulfa- 
pyiidine properly used is valuable in the treatment of patients whose 
pneumonia or meningitis is caused by the pneumococcus and should be 

3a Shaffer, P A The Mode of Action of Sulphanilamide, Science 89 547-550 
(June 16) 1939 

3b MacLeod, C M Metabolism of “Sulfapyndine-Fast” and Parent Strains 
of Pneumococcus Type I, Proc Soc Expcr Biol & Med 41 215-218 (Mar) 1939 

4 Whitby, L E H Chemotherapy of Pneumococcic and Other Infections 
with 2(p-Aminobenzenesulfonamido)Pyndine, Lancet 1 1210-1211 (May 28) 1938 

5 Marshall, E K , Bratton, A C, and Litchfield, J T The Toxicity and 
Absorption of 2-Sulfanilamidopyridine and Its Soluble Sodium Salt, Science 88 
597-599 (Dec 23) 1938 

6 Marshall, E K An Unfortunate Situation in the Field ol Bacterial 
Chemotherapy, JAMA 112 352-353 (Jan 28) 1939 

7 Bullowa, J G M , Plummer, N , and Finland, M Sulfapyridme in the 
Treatment of Pneumonia, J 4 M A 112 570 (Feb 11 j 1939 
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used at present only in cases of infection caused by this bacterium In 
my experience it has seemed to be harmful in cases of an atypical form 
of pneumonia to be described later It may be argued that it should be 
used in all cases of acute pulmonaiy infection as a measure preventive of 
possible invasion by the pneumococcus, but no evidence is as yet avail- 
able to suppoit adoption of this plan It is still of great importance, 
therefore, to make an etiologic diagnosis of pneumonia in every case 
before using chemotherap} 

A number of investigators ha\e attempted to explain the mechanism 
of the beneficial action of the drug It was thought at first to have 
some destructive eftect on the capsule of the pneumococcus or to reduce 
the vnulence of the organism Neither of these views has received 
support As in the case of othei bacteria, bacteriostasis seems to afitord 
the most hkel} explanation Biitish observers® claim that different 
strains of pneumococci var} greatly in sensitnit} to sulfapyridme and 
recommend the use of tests to discovei whether the pneumococcus to 
be dealt u ith in a patient is sensitive oi not Pneumococci, the)'^ believe, 
ma\ become “fast” or lesistant to sulfapyridme in the bod) Such 
fastness, resistance or tolerance to drugs or chemicals apparently may 
be de^ eloped m the test tube,®" but I ha^e never been convinced of its 
occuirence in the bod) Sulfap}ridine, they found, was moie effective 
in animals previousl} vaccinated against the specific t\pe of Pneumo- 
coccus used Othei obseiwers ® had more success m treating rats 
uhen both siilfap) ridine and specific immune seium uere used than 
when eithei uas used alone Aftei infection was well established, 
serum was moie effective than the drug Sulfap)ridme had but little 
curatiAe effect on lesions in mice caused b) pneumococci of t}pes II, 
III and VIII Sulfap) ridine docs not lepiesent tbe ultimate goal m 
chemotherap) of pneumococcic infections 

Pneumococcic Pneumonia Eaily indications of the effectiveness of 
sulfapyiidme against seveial t)pes of Pneumococcus led to the hope 

8 Alaclean, I H , Rogers, K B , and Fleming, A AI & B 693 and Pneu- 
monia Lancet 1 562-568 (Iilarch 11) 1939 

8a MacLeod, C Al , and Daddi, G A “Sulfapvndine-Fast” Strain of 
Pneumococcus Type I, Proc Soc Exper Biol S. Med 41 69-71 (AIa\ ) 1939 

9 Kepi, M , and Gunn, F D Sulfapvndine and Serum Therap} m Experi- 
mental Lobar Pneumonia of Rats, Proc Soc Exper Biol Aled 40 529-532 
(^pril) 1939 

10 Schmidt, L H , and Hilles, C Further Studies on Therapeutic Properties 
of Sulfapj ndine in Experimental Pneumococcus Infections, Proc Soc Exper Biol 
& Aled 40 611-614 (April) 1939 

11 Bliss, E A , Feinstone, AV H , Garrett, A W, and Long, P H Sulfa- 
p\ ridine and Sulfanilamide m Experimental Pneumococcal, Aleningococcal, Welch 
Bacillarj and Friedlander’s Bacillarv Infections m Alice, Proc Soc Exper Biol 
& Aled 40 619-621 (April) 1939 
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that jt would be useful m treating patients with pneumococcic pneu- 
monia, without typing This hope at present is certainly not justified 
A senes of papers published aftei the one of Evans and Gaisford 
unifoimly show a sti iking reduction of the duiation of illness and of 
the moitality m cases of pnuemococcic pneumonia following treatment 
with sulfapyridine All of them, howevei, deal with obseivations made 
m a single season (1938-1939) and m all a death rate of 4 to 8 pei cent 
IS repoited^^ It may be lemaiked heie that other obseiweis noted a 
death rate of 3 3 pei cent in patients tieated with specific immune serum 
alone According to many physicians, pneumonia m the winter of 1938- 
1939 was “mild ” This suggests only that the pievalence of pneumonia 
due to Pneumococcus types I, II, III, V and VIII was not as gieat in 
ceitain places as in other years Fuithermore, numerous epidemics 
of a mild form of pneumonia, apparently not caused by bacteria, 
occurred in many paits of the countiy (page 380) Many pei sons with 

this foim of pneumonia hai bored pneumococci in the nasophaiynx, as 
carriers These pneumococci, which were usually of the higher- 
numbered types, were found when the sputum was typed They nere 
often mistaken for the causative agent of the disease, and sulfapyridine 
was given needlessly It is highly probable that cases of this form of 

12 Evans, G M , and Gaisford, W F Treatment of Pneumonia with 
2-(p-Aminobenzenesulphonamido) Pyridine, Lancet 2 14-19 (July 2) 1938 

13 (a) Dyke, S C , and Reid, G C K Treatment of Lobar Pneumonia with 

M & B 693, Lancet 2 1157-1160 (Nov 19) 1938 (/;) Williams, R B , and 

Lawson, G B Graphic Evidence of Response with Sulfanilamide in Pneumonia 
and Pneumococcal Infections, Virginia M Monthly 65 727-732 (Dec ) 1938 
(c) Flippin, H F , Lockwood, J S , Pepper, D S, and Schwartz, S The Treat- 
ment of Pneumococcic Pneumonia with Sulfapyridine, JAMA 112 529-534 
(Feb 11) 1939 (d) Wilson, A T , Spreen, A H , Cooper, M L , Stevenson, 

F E , Cullem, G E , and Mitchell, A G Sulfapyridine in Pneumonia, ibid 112 
1435-1439 (April IS) 1939 (e) Barnett, H L , Hartmann, A F , Perley, A M, 

and Ruhoff, M B The Treatment of Pneumococcic Infections in Infants and 
Children with Sulfapyridine, ibid 112 518-527 (Feb 11) 1939 (/) Sadusk, 

J F Observations on Sulfanilamide Therapy m Pneumonia and Meningitis Due 
to Type III Pneumococci, New England J Med 219 787-790 (Nov 17) 1938 
(g) Anderson, T T, and Dowdeswell, R M Treatment of Pneumonia with 
M & B 693, Lancet 1 252-254 (Feb 4) 1939 (/i) Agranat, A L , Dreosti, 
A 0, and Ordman, D Treatment of Pneumonia with 2-(p-Aminobenzene- 
sulphonamide) Pyridine (M & B 693), ibid 1 309-317 (Feb 11) , 380-384 
(Feb 18) 1939 (i) Price, A E, and Myers, G B Treatment of Pneumococcic 
Pneumonia with Sulfanilamide, JAMA 112 1021-1027 (March 18) 1939 
(;) Hodes, H L , Stifler, W C , Walker, E , McCartj', M, and Shirley, R G 
The Use of Sulfapyridine in Primary Pneumococcic Pneumonia and in Pneumo- 
coccic Pneumonia Associated with Measles, J Pediat 14 417-446 (April) 1939 
(k) Finland, M , Spring, W C, Jr , Lou ell, F C, and Brown, J W Specific 
Serotherapy and Chemotherapy of the Pneumococcic Pneumonias, Ann Int Med 
12.1816-1829 (May) 1939 
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pneumonia weie often included in statistics that were repoited as show- 
ing the beneficial effects of chemotheiapy The presence of pneumo- 
cocci or other bacteria m the sputum does not always indicate that these 
organisms have etiologic significance 

According to authoiitatne opinion, it seems wisest at present to 
tieat pneumoccccic pneumonia with both specific immune seium and 
sulfapyndme Geneially speaking, when a diagnosis of pneumococcic 
pneumonia is leasonably ceitam, and after specimens of blood have 
been taken foi making cultuies and cell counts, the patient should be 
gnen 2 to 4 Gm of sulfapyndme while the type of pneumococcus is 
being detei mined When the t3fpe is known, specific immune serum 
and sulfap}iidme may then be given together To patients who for 
\aiious reasons cannot be given seium the drug may be given alone, and, 
of couise, the reveise applies The objection to the insolubility of the 
compound now used maj be o\eicome by use of its sodium salt,“ but 
nausea and lomitmg still occur, piesumably because of an effect of the 
diug on the cential neivous system While combined use of the serum 
and diug seems to be advisable now, it is unfortunate for statistical 
leasons, since the true value of sulfap) ridine wnll be obscured unless 
the drug is used alone Before the value of sulfapyndme will finally be 
known, It will be necessary to use it alone in the tieatment of large 
numbers ot patients with pneumococcic pneumonia wuth paiticular respect 
to tiie t} pe of Pneumococcus, the age of the patient, the presence of other 
diseases or complications, the presence or absence of bacteremia and 
the da} on w'hich treatment was begun 

Another inteiesting and important agent capable of attacking pneu- 
mococci was discoveied by Dubos, whose papei, published during the 
height of enthusiasm foi chemotheiapy, leceived scant attention^® He 
isolated fiom soil an unidentified spore-bearing bacillus wdnch after it 
has giown in soil to wdnch suspensions of vaiious gram-positive cocci 
ha\e been added over a long peiiod foi ms an enz}me capable of dis- 
sohing these cocci Pneumococci, staphylococci, hemolytic or green- 
pi oducmg stieptococci and indiffeicnt stieptococci aie all susceptible 
Besides killing these bacteiia wdien incubated wuth them in vitro, the 
bacteiial extract injected in minute amounts intrapei itoneally into mice 
protects them against 100,000 fatal doses of pneumococci of types I, 
II, III, V and VIII The extiact exeits a cuiative effect also when 
injected seieral houis aftei inoculation of these cocci It is different 
fiom the enzyme previously discovered by Dubos and Avery, which 
attacks onl} the polysaccharide capsule of the type III pneumococcus 

14 Marshall, E K, and Long, P H The Intravenous Use of Sodium 
Sulfapyridine, JAMA 112 1671-1675 (April 29) 1939 

15 Dubos, R J Bactericidal Effect of an Extract of a Soil Bacillus on Gram 
Positne Cocci, Proc Soc Exper Biol &. Med 40 311-312 (Feb) 1939 
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and which never had a successful clinical tiial The new extiact kills 
gram-positive cocci but is without effect on gram-negative ones or on 
giam-negative bacilli Its effect on infections in man has not yet been 
reported, but one may pi edict that it will be useful if it works as well 
in the patient as it does m mice If the substance can be standardized 
and if it IS nontoxic, it may even supersede antiserum and sulfapyndme 

Pneumococcic Meningitis The effectiveness of sulfanilamide and 
sulfapyndme is more striking in pneumococcic meningitis than m 
pneumococcic pneumonia, but here again many published reports deal 
with isolated cases rather than with contioUed senes of cases Nevei- 
theless, the number of cases now on record m which recovery followed 
treatment of this infection, which when untreated is usually legarded 
as fatal m over 95 per cent of the cases, wai rants the use of the drug 
Expenmental studies in mice showed that 73 per cent of treated ani- 
mals recoveied, as compaied with 100 per cent that died in an untreated 
series 

Finland, Brown and Rauh recommend frequent complete diam- 
age of spinal fluid, immediate and continuous use of sulfanilamide 
with sodium bicarbonate, identification of the type of Pneumococcus, 
intravenous administration of specific antipneumococcus serum until 
the concentration of immune body in the blood is sufficient, moderate 
intake of fluid, and intraspmal injection of 5 or 10 cc of the patient’s 
own serum The last procedure, recommended as a means of adding 
to complement, is based on the earlier work of Fothergill in combating 
meningitis due to the influenza bacillus, but it seems to me to be moie 
theoretic than practical If anemia results from sulfanilamide, trans- 
fusion of blood IS advised Of 10 patients treated, 6 recoveied — a note- 
worthy fact, indeed 

References to many recently published papers on the treatment of 
pneumococcic meningitis with sulfanilamide may be found m a review 
by Holman and Duff 

16 (a) Reid, G C K, and Dyke, S C Pneumococcic Meningitis Treated 

with 2-(p-AminobenzenesuIphonamido) Pyridine, Lancet 2 619-620 (Sept 10) 
1938 (b) Neal, J B The Treatment of Acute Infections of the Central Nervous 

System with Sulfanilamide,! A M A 111 1353-1356 (Oct 8) 1938 (c) Hewell, 
B A , and Mitchell, A G The Treatment of Pneumococcic Meningitis with 
Sulfanilamide Review of Literature and Report of Six Additional Cases, ibid 
112 1033-1037 (March 18) 1939 

17 Cooper, F B , Gross, P , and Lewis, M Chemotherapy of Pneumococcal 
(Type II) Meningitis in the Rat, Proc Soc Exper Biol & Aled 38 835-836 
(June) 1938 

18 Finland, M , Brown, J W, and Rauh, A E Treatment of Pneumococcic 
Meningitis A Study of Ten Cases Treated with Sulfanilamide Alone or m 
Various Combinations with Specific Antipneumococcic Serum and Complement, 
Including Six Recoveries, New England J Med 218 1033-1044 (June 23) 1938 
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In the experience of He\’\ ell and Mitchell all of 23 children with 
pneumococcic meningitis treated before 1937 died, ^\lth the use of 
sulfanilamide 4 of 7 patients have recovered According to their data, 
there are now reported more than 30 recoveiies which followed treat- 
ment with sulfanilamide, but in some cases the dose was so small as 
to render its effectiveness doubtful At least 9 cases ha-ve been reported 
in which the drug was ineffective , there was bacteremia in 7 of these 
These authors review the literature on the subject 

Although no extensive studies of the use of sulfanilamide or sulfa- 
pyridine in the treatment of pneumococcic empyema have been reported, 
it IS felt that such treatment is not particularly effective in this con- 
dition Two of my patients had 7 and 17 mg of sulfapyridme per 
hundred cubic centimeters of pleural exudate, yet no benefit u as appar- 
ent It IS curious that the drug should act so veil in pneumococcic 
meningitis and apparent^ not in empj’^ema 

Ruegsegger’s patients with pneumococcic endocarditis all suc- 
cumbed even though a concentration of 8 to 17 mg per hundred cubic 
centimeters of sulfanilamide was present in the blood 

SH eptococac Infections — According to Chandler and Janeway,^® 
growing hemolytic streptococci in dilute sulfanilamide broth does not 
cause attentuation of these bacteria Phagocytosis is promoted, but 
apparently only as a consequence of the toxic effect of the drug on the 
bacteria and not as a result of any direct effect on phagocytes Probably 
a loose union of the drug with the bacterial bodies occurs The pres- 
ence of specific antibody greatly increases the bacteriostatic and bac- 
tericidal effect of sulfanilamide Other workers in the same 
laborator}- found that an elevation in electrode potential accompanied 
sulfanilamide bacteriostasis and that a rapid fall in potential accom- 
panied normal grovth Yet others ■' found that the oxidation-reduction 
potential was elevated (See discussion beginning on page 362 and 
footnotes 3a and 3b ) 

Reports have been made of single cases of recovery from meningitis 
due to the hemotytic streptococcus, after treatment with sulfanilamide 
Favorable reports continue to appear about the effect of this therapy on 

19 Ruegsegger, J M Pneumococcic Endocarditis, Arch Int Aled 62 388- 
400 (Sept) 1938 

20 Chandler, C A , and Janeway, C A Observations on the Mode of Action 
of Sulfanilamide in Vitro, Proc Soc Exper Biol & Med 40 179-184 (Feb ) 
1939 

21 Fox, C L , German, B , and Janeway, C A Effect of Sulfanilamide on 
Electrode Potential of Hemolytic Streptococcal Cultures, Proc Soc Exper Biol 
& Med 40 184-189 (Feb ) 1939 

22 Warren, J , Street, J A , and Stokinger, H E Influence of Sulfanilamide 
and Related Compounds upon Oxidation-Reduction Potentials of Hemolytic 
Streptococcus, Proc Soc Exper Biol & Med 40 208-212 (Feb ) 1939 
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erysipelas Scailet fevei, on the other hand, is not influenced much 
In series of cases reported by Sako, Dwan and Platou complications 
weie much less fiequent among patients tieated with sulfanilamide 
Sulfanilamide seemed to be of value in preventing the development of 
scarlet fevei m a numbei of boys exposed to infection These authois 
believe that eaily intravenous injection of massive doses of serum to 
combat toxemia together with administration of large doses of sulf- 
anilamide seems to be the best method of treatment for scarlet fever 
Accoidmg to Wesselhoeft and Smith, sulfanilamide does not reduce 
the toxicity oi the duration of scailet fever It had no influence in 
1 educing the numbei of complications unless given over a long period 
The diug failed to reduce the numbei of earners among convalescent 
patients 

Cobuin and Moore gave sulfanilamide to guinea pigs suffering 
from abscesses induced by hemolytic stieptococci The abscesses were 
not steiilized, but when the drug was given either piophylactically or 
theiapeuticall} cervical adenitis and spontaneous infections were pie- 
vented m the treated as compared with the untieated animals In 
clinical expel iments sulfanilamide given after the onset of incidental 
streptococcic infection of the tin oat in patients who had had rheumatic 
fever did not pi event recrudescence of rheumatic fever, however, when 
the diug nas given to 80 iheumatic children prophylactically, 79 of 
these childien escaped incidental infection with hemolytic streptococci 
and rheumatic activity Other work also suggests the prophylactic value 
of the drug 

Goodman reports 4 cases of a peculiar, previously undescribed 
form of primary ulcer of skin appaiently caused by hemolytic strepto- 
cocci Three patients treated with sulfanilamide recovered promptly 
Major and Leger report the case of a patient with subacute bacterial 

23 Sako, W , Dwan, P F , and Platou, E S Sulfanilamide and Serum in 
the Treatment and Prophylaxis of Scarlet Fever, JAMA 111 995-997 
(Sept 10) 1938 

24 Wesselhoeft, C, and Smith, E C The Use of Sulfanilamide in Scarlet 
Fever. New England J Med 219 947-952 (Dec 15) 1938 

25 Coburn, A F , and Moore, L V The Prophylactic Use of Sulfanilamide 
in Streptococcal Respiratory Infection with Especial Reference to Rheumatic Fever, 
J Clin Investigation 18 147-155 (Jan ) 1939 

26 Thomas, C B , and France, R A Preliminary Report of the Prophylactic 
Use of Sulfanilamide in Patients Susceptible to Rheumatic Fever, Bull Johns 
Hopkins Hosp 64 67-77 (Jan ) 1939 Hoare, E D The Case for Prophylaxis 
with Sulfanilamide and Sulfapyridine, Lancet 1 76-79 (Jan 14) 1939 

27 Goodman, M H Chronic Streptococcic Ulcer of the Skin Unresponsive 
to Local Therapy but Cured by Sulfanilamide Report of Two Cases, JAMA 
111 1427-1431 (Oct 15) 1938 

28 Major, R H, and Leger, L H Recovery from Subacute Infectious 
Endocarditis Following Prontosil Therapj, JAMA 111 1919-1920 (Nov 19) 
1938 
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endocarditis who was apparently cured by sulfanilamide therapy The 
patient died of heart failure twenty-nine days after the temperature 
had been reduced to normal The blood became sterile about ten days 
after the administration of sulfanilamide was begun, and the temper- 
ature became normal three days later At necropsy gram-positive cocci 
were seen m the leaflets of the aortic valve, but cultures were sterile 
I have been informed of several other patients with the disease who 
were similarly treated but with discouraging results, and in my own 
experience the temperature of several treated patients was temporarily 
reduced without other beneficial effects A similar report is made by 
Elhs 

Memngococac Meningitis — Reports of the effectiveness of sulfanil- 
amide m the treatment of meningococcic infections are uniformly favor- 
able Numerous papers on the subject are referred to by Whitby 
A paper by Banks is especially valuable He believes that while com- 
bined sulfanilamide and immune serum therapy is valuable, treatment 
^\lth sulfanilamide alone is just as good Of 16 patients so treated, 15 
recovered The mortality rate in 59 patients treated with serum and 
diugs was 118 per cent A similar optimistic report is published by 
Waghelstem Among 106 patients the mortality rate in those who 
were adequately treated was 12 per cent 

Gonococcic Infections — The effect of sulfanilamide and its com- 
pounds on gonorrhea has not been observed long enough to establish 
the value of these agents as permanently curative or as eliminating 
gonococci from the entire system Almost all clinical reports indicate 
that the effects of treatment are beneficial, especially if treatment is 
delayed until the primary acute stage has passed McGregor- 

29 Elhs, G R Treatment of Subacute Bacterial Endocarditis with Sulfa- 
P 3 ndine, Lancet 2 1521-1522 (Dec 31) 1938 

30 Banks, H S Serum and Sulfanilamide in Acute Meningococcal Menin- 
gitis, Lancet 2 7-13 (July 2) 1938 

31 Waghelstem, J M Sulfanilamide in the Treatment of One Hundred 
Patients with Meningococcic Infection, JAMA 111 2172-2174 (Dec 10) 
1938 

32 (o) Bowie, F J T Chemotherapy m Gonorrhea Preliminary Report 

on the Use of 2-(p-AminobenEenesulphonamido) Pyridine, Brit M J 2 283-284 
(Aug 6) 1938 (b) Felke, H Chemotherapy of Gonorrhea with Sulfanilamide 

Compounds Particularly with Diseptal C (D B 32), Arch f Dermat u Syph 
178 45-53 (Aug 20) 1938 (c) McGregor-Robertson, G J Acute Gonor- 

rhea Treated with M & B 693 Report on One Hundred Cases, Lancet 2 1463- 
1465 (Dec 24) 1938 (d) Cokkmis, A J, and McElhgott, G L M Sulfanil- 

amide in Gonorrhea Analysis of Six Hundred and Thirty-Three Cases, ibid 2 
355-361 (Aug 13) 1938 (e) Lloj^d, V E , Erskine, D , and Johnson, A G 
Chemotherapj' of Gonorrhea with M & B 693, ibid 2 1160-1163 (Nov 19) 1938 
(/) Prebble, E E Treatment of Acute Gonorrhea with M &. B 693, ibid 2 1163- 

(Footnote continued on next page) 



REIMANN— INFECTIOUS DISEASES 


371 


Robei tson repoits success m treating 100 patients with sultapyndme 
and advises against delay in starting treatment Most observeis agiee 
that the greatest good is accomplished b)^ rest in bed during the treat- 
ment with the drug Treatment of ambulatory patients is generally 
not lecommended Relapse after clinical cure is fairly common 
Although ceitam observeis®”^ admit that the moitality fiom the use 
of sulfanilamide may be higher than that fiom gonoiihea alone, they 
stiongly urge the use of the drug In untreated patients the earner 
state may persists for several months, these authors believe it is con- 
sideiabl)'’ shortened after treatment with sulfanilamide Patients vith 
gonoi rheal ophthalmia also appeared to be helped by the drug 

Carpentei and his associates present evidence that when sulfanil- 
amide is injected with gonococcus “toxin” into mice it protects the 
mice from death 

Undulant Fever — Fifteen or more papers have been published 
during the year on the use of sulfanilamide in the treatment of brucel- 
losis Most of them cite favorable effects of the drug in single cases, 
which in view of the fiequent spontaneous remissions of the disease 
are of little value as evidence In a number of published charts it seems 
indicated that the temperature was falling before the drug was given 
Neumann reports favorable effects m 20 cases In 4 cases studied 
by Welch, Wentworth and Mickle^® the effect of sulfanilamide m 
influencing the course of infection was doubtful They paid much more 
attention to the effect on the opsonocytophagic index, which seems to 
me to be of little importance Bynum was unable to duplicate the 
satisfactory results obtained by others The drug, given in adequate 
doses, did not influence the course in 6 of his cases 

1164 (Nov 19) 1938, {g) Silver, B , and Elliott, M The Use of Sulfanilamide in 
One Thousand Six Hundred and Twenty-Five Cases of Gonorrhea in the Male, 
J A M A 112 723-728 (Feb 25) 1939 (/i) Ferguson, C , Buchholtz, M , 

and Gromet, R Y Sulfanilamide Therapy in Gonorrhea Review of Literature 
and Report of 298 Cases, Am J M Sc 197 452-464 (April) 1939 

33 Fernandez, L J , and Fernandez, R F Sulfanilamide in Gonorrheal 
Ophthalmia Preliminary Report, Am J Ophth 21 763-766 (July) 1938 

34 Carpenter, C M , Hawley, P L, and Barbour, G M The Protective 
Action of Sulfanilamide in Mice Against Gonococcal “Toxin,” Science 88 530-531 
(Dec 2) 1938 

35 Neumann, C Z Treatment of Undulant Fever with Prontosil, Brit M J 
2 342-343 (Aug 13) 1938 

36 Welch, H , Wentworth, J A, and Mickle, F L The Use of Sulfanilamide 
in the Diagnosis and Treatment of Brucellosis, JAMA 111 226-237 (July 16) 
1938 

37 Bynum, W T Recurrences of Undulant Fever (Brucellosis) Following 
the Administration of Sulfanilamide, JAMA 112 835-836 (March 4 ) 1939 
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Debono used sulfanilamide and the original prontosil (the hydro- 
chloride of 4-sulfainido-2'-4'-diai'ninoazobenzene) in the tieatment of 
25 patients suffering from an infection with Brucella mehtensis in 
Malta In no case could recovery be attributed without doubt to these 
diugs He does not feel that chemotherapy, with its element of danger, 
IS justified in cases of brucelliasis Other physicians in Malta obtained 
bettei lesults It is obvious that enough information is not as yet at 
hand to enable one to judge the value of sulfanilamide in the treatment 
of patients with undulant fevei Moie valuable information, it seems, 
could be obtained fiom controlled experiments in animals, but in the 
few papers on experimental lesults published last yeai it is indicated 
that only a few animals weie used in each investigation — far too few 
to be of significance Chinn®”" tieated only 6 infected guinea pigs 
and decided that the drug is effective in pi eventing geneialized infection 
In a latei papei the evidence is more convincing, but positive results 
weie obtained only when the diug was given immediately after infec- 
tion Menefee and Poston showed that sulfanilamide exerts a bac- 
teriostatic action on biucellas inoculated into guinea pigs, especially in 
the presence of immune bodies 

Miscellaneoius Infections — A number of im estigators find 
sulfanilamide to be of value m the tieatment of veneieal lymphogran- 
uloma, a disease caused b}’' a filtiable virus, although the permanency 
of the “cine” is unceitain Similiai beneficial effects tvere noted in 
expel imentally infected mice 

There seems to be a difference of opinion as to the effectiveness of 
sulfanilamide compounds m expeiimental tubeiculosis According to 

38 Debono, J E Treatment of Brucella Mehtensis Infection with Prontosil, 
Brit M J 1 326-327 (Feb 18) 1939 

39 (a) Chinn, B D In Vitro and in Vivo Effect of Sulfanilamide on Brucella 

Abortus and Brucella Suis, Proc Soc Exper Biol & Med 38 732-734 (June) 
1938, (b) The Use of Sulfanilamide in Experimental Brucellosis, J Infect Dis 
64 78-82 (Jan -Feb ) 1939 (c) Wilson, G S, and Alaier, I The Sulphanilamide 

Treatment of Guinea Pigs Infected with Brucella Abortus, Brit M J 1 8-10 
(Jan 7) 1939 (d) Menefee, E E, and Poston, M A Effects of Sulfanilamide 

on Brucella Mehtensis, var Mehtensis, Abortus and Suis, J Bact 37 269-276 
(March) 1939 

40 Shropshear, G Sulfanilamide m Treatment of Strictures of the Rectum 
Caused by Lymphogranuloma Venereum, Illinois M J 74 153-161 (Aug) 1938 
Shaffer, L W, and Arnold, E Lymphogranuloma Venereum, Especially Its 
Treatment with Sulfanilamide, Arch f Dermat u Syph 38 70S-712 (Nov ) 
1938 MacCallum, F O, and Findlaj, G M Chemotherapeutic Experiments on 
Virus of Venereal Lj'mphogranuloma, Lancet 2 136 (Julj’- 16) 1938 Knight, 
A A, and David, V C The Treatment of Venereal Lymphogranuloma with 
Sulfanilamide, J A M A 112 527-529 (Feb 11) 1939 

41 Gree\, P H , Baddington, G D M, and Little, M H Sulfanilamide 
and Related Compounds in Experimental Tuberculosis, Proc Soc Exper Biol & 
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a recent report, sulfanilamide inhibited tuberculosis in guinea pigs, but 
laige doses were needed No eftect was noted in rabbits inoculated 
mtiavenously with bovine tubeicle bacilli The diug had little effect 
on the course of Friedlander bacillus infections in mice or on that 
of canine filai lasis A few patients with trachoma were apparently 
aided by sulfanilamide No effect w^as noted on tertian malaria, 
which IS disappointing in the face of lather optimistic reports made by 
otheis 111 the previous year In monke 3 ^s experimentally infected with 
Plasmodium knowdesi Coggeshall ■*'' obseived favorable effects from 
sulfanilamide, emplo}ed both prophylactically and therapeutically The 
drug ivas without eftect on infections caused by avian plasmodia 
Thompson and Gieenfield studied 1,219 patients with measles 
and 244 with whooping cough The patients to whom sulfanilamide 
w'as given presented fewer complications, such as otitis media, pneu- 
monia and catarrh The diug was ineffective in measles^® In 4 

Med 40 418-420 (March) 1939 Ballon, H C, and Guernon, A Effect of 
Sulfanilamide on the Development of Experimental Tuberculosis in the Guinea 
Pig, J Thoracic Surg 8 188-194 (Dec ) 1938 Buttle, G A H , and Parrish, 
H J Treatment of Tuberculosis in Guinea Pigs with Sulphamlamide, Brit M J 
2 776-777 (Oct 15) 1938 Kolmer, J A , Raiziss, G W, and Rule, A Sulf- 
anilamide and Derivatives in the Treatment of Experimental Tuberculosis of 
Guinea Pigs, Proc Soc Exper Biol & Med 39 581-584 (Dec ) 1938 Greey, 
P H , Campbell, H H , and Culley, A W Effect of Sulfanilamide on Experi- 
mental Tuberculosis in the Guinea Pig, ibid 39 22-24 (Oct ) 1938 Dietrich, 
H F Prontosil in Experimental Tuberculosis, Am Rev Tuberc 38 388-392 
(Sept) 1938 

42 Gross, P , Cooper, F B , and Lewis, M Sulfanilamide Therapy of 
Fnedlander-Bacillus Infections of Mice, Proc Soc Exper Biol & Med 39 
12-13 (Oct) 1938 

43 Brown, H W Ineffectiveness of Sulfanilamide in the Treatment of 
Canine Filanasis, Proc Soc Exper Biol & Mied 39 98-100 (Oct ) 1938 

44 Lian, B Sulfanilamide in the Treatment of Trachoma, Geneesk tijdschr 
v Nederl -Indie 78 1058-1065 (May 3) 1938 Loe, F Sulfanilamide Treatment 
of Trachoma, JAMA 111 1371-1372 (Oct 8) 1938 

45 Hall, W E B Sulfanilamide in Tertian Malaria, J Pharmacol & Exper 
Therap 63 353-368 (Aug) 1938 Faget, G H , Palmer, M R, and Sherwood, 
R O Unsuccessful Treatment of Malaria with Sulfonamide Compounds, Pub 
Health Rep 53 1364-1366 (Aug 5) 1938 

46 Coggeshall, L T Prophylactic and Theiapeutic Effect of Sulfonamide 
Compounds in Experimental Malaria, Proc Soc Exper Biol & Med 38 768-773 
(June) 1938, Cure of Plasmodium Knowlesi Malaria m Rhesus Monkeys with 
Sulfanilamide and Their Susceptibility to Reinfection, Am J Trop Med 18 715- 
722 (Nov ) 1938 

47 Thompson, A R , and Greenfield, CRM Chemotherapy in Measles 
and Whooping Cough Prophylaxis and Treatment of Complications, Lancet 2 
991-993 (Oct 29) 1938 

48 Anderson, T Sulfanilamide in the Treatment of Measles, Brit M J 
1 716-718 (April 8) 1939 
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patients sulfanilamide seemed to dimmish the severit). of the eiuption 
as compaied with that in 3 untreated patients 

Two patients with actinomycosis impioved after treatment with 
sulfanilamide/® but the drug had no effect in a case of labies in man 
nor did it change the course of experimental rabies Experimental 
plague in rodents was cured with sulfapyndine, but antiplague serum 
was equally effective Sulfanilamide was slightly more effective than 
sulfapyndine m piolonging the life of mice experimentally infected 
with Bacillus typhosus 

Of 7 patients with smallpox who were treated with sulfanilamide, 
4 showed only an evanescent macular eruption as compared with 3 
untreated ones, m whom the typical eruption appealed 

pneumonia 

Pneumococctc Pneuinoma — A number of studies were made to 
thiow more light on the pathogenesis of pneumococcic pneumonia and 
on that state known as “diminished resistance,” which presumably 
accounts for the invasion of pathogenic micro-organisms and the 
development of pneumonia Robertson®® summaiizes his previous 
contnbutions and concludes that pneumococci implanted in the terminal 
air sacs aie dispersed throughout the lobe principally by the edema 
fluid which spreads to adjacent an passages and through the alveolar 
pores He modified his formei conclusions as to the impoitance of 
macrophages m the process of recovery and now believes that macro- 
phages play only a part m recoveiy The cellular leaction may be 
secondary to some more fundamental change affecting the pneumococci 
so that they can be disposed of Recovery from pneumonia, he believes, 
IS due to two factors, one which localizes the infection and the other a 
local process involving maciophages which enables the body to rid itself 

49 Miller, E M , and Fell, E H Sulfanilamide Therapy in Actinomycosis, 
JAMA 112 731 (Feb 25) 1939 Hall, WEB Sulfanilamide and 
Actinomycosis, ibid 112 2190 (May 27) 1939 

50 Hart, B F , and Evans, E Ineffectiveness of Sulfanilamide in Rabies from 
Vaccinated Dogs, J A M A 112 731-732 (Feb 25) 1939 

51 Gross, P , Cooper, F B , and Lewis, M Chemotherapy of Experimental 
Rabies of Rats, Proc Soc Exper Biol & Med 40 649-650 (April) 1939 

52 Schutze, H Chemotherapy in Plague Infections, Lancet 1 266-268 (Feb 4) 
1939 

53 Kolmer, J A , and Rule, A M Sulfanilamide and Sulfapyndine in Treat- 
ment of Experimental B Typhosus (Eberthella Typhosus) Infection of Mice, 
Proc Soc Exper Biol & Med 40 615-619 (Aprilf 1939 

54 McCammon, W D Sulfanilamide in the Treatment of Smallpox, 
J A M A 112 1936-1937 (May 13) 1939 

55 Robertson, O H Recent Studies on Experimental Lobar Pneumonia 
Pathogenesis, Recovery and Immunit}', JAMA 111 1432-1437 (Oct 15) 
1938 



REIM ANN— INFECTIOUS DISEASES 


375 


of pneumococci If both piocesses are active, recoveiy ensues, if either 
one 01 both fail, death follows After lecovery from experimental 
pneumonia, a high degiee of local immunity peisists m the lobe involved 
as long as maci ophages ai e present m the alveoli Others found that 
ill infected guinea pigs at the same general peiiod the mononuclear cells 
inciease in number legardless of the outcome 

Nungester and Klepser made experiments with a view to deter- 
mining what constitutes “loweied lesistance ” Exposuie to cold, deep 
anesthesia and intoxication with alcohol, respectively, favored aspiration 
of bactena-laden mucin placed in the nose These factois have long 
been known to favoi the onset of pneumonia, and lecently more evi- 
dence has been added to demonstrate the effect of chilling the body, 
which causes peripheral vasoconstriction, stasis, anoxemia and impair- 
ment of the function of phagocytes in the nasal mucosa Further 
studies on the subject tend to show how intoxication with alcohol 
reduces the resistance to pneumococcic infections Alcohol apparently 
has no direct effect on the power of phagocytes to engulf pneumococci 
but appears to exert some action on capillary walls which prevents 
egress of leukocytes into the suriounding tissue Whether the effect 
IS caused by depression of the normal function locally or by disturbance 
of the central nervous system is uncertain, but the mechanism involved 
is doubtless one of great importance 

French investigators studied the action of the lungs on bacteria 
111 the blood Perfused lungs were found to be an effective filter for 
bacteria added to the blood with which the tests were made 

Frisch watched the behavior of phagocytes and pneumococci m 
the sputum of patients treated with specific immune serum and with 
sulfanilamide Usually clumping of capsulated pneumococci and 
increased phagocytosis appeared shortly after serum tieatment, but 

SSa Fleischer, M S , and Rich, G T Mononucleai Leukocytes in Blood of 
Guinea Pigs Experimentally Infected with Pneumococcus, Proc Soc Exper Biol & 
Med 41 7-10 (May) 1939 

56 Nungester, W J , and Klepser, R G A Possible Mechanism of Lowered 
Resistance to Pneumonia, J Infect Dis 63 94-102 (July-Aug ) 1938 

57 Tavlor, H M, and Dyrenforth, L Y Chilling of the Body Surfaces 
Its Relationship to Aural and Sinus Infections, JAMA 111 1744-1746 
(Nov 5) 1938 

58 Pickrell, K L The Effect of Alcoholic Intoxication and Ethei Anes- 
thesia on Resistance to Pneumococcal Infection, Bull Johns Hopkins Hosp 63 
238-245 (Oct) 1938 

59 Binet, L , and Jaulmes, C Lungs and Microbes, Presse med 46 1281-1282 
(Aug 24) 1938 

60 Frisch, A W Sputum Studies m Lobar Pneumonia Phagocytosis and 
the Effect of Serum Therapy, Proc Soc Exper Biol & Med 39 473-477 (Dec ) 
1938, Encapsulated Pneumococci in Sputum for Control of Serum Therapy, ibid 
40 495-496 (March) 1939 
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similar changes were often noted in untreated patients According to 
Frisch, the test may be used as a method to control serum therapy 

Numerous papers were published during the year on the treatment 
of pneumonia caused by pneumococci of various types i/ith refined 
horse serum or labbit serum All record favorable results, with the 
death rate reduced to from 3 3 to 7 per cent Horn observed the 
effects of seium therapy in 120 patients and reports the death rate 
reduced to 3 3 per cent, a figure lowei than that reported with sulfa- 
pyridme therapy Rabbit seium caused chills m 65 per cent of Lough- 
hn’s 69 patients, but the incidence of serum disease was lower than 
that following the use of hoise serum 

It IS often stated that pneumococcic lobai pneumonia m noithein 
Europe is a relatively benign disease as compaied with that in the 
United States Accoidmg to Nissen,'”^ however, the mortality late 
m Denmark is between 25 and 40 per cent By giving specific immune 
seium within the first four days of illness he i educed the death rate 
to 10 per cent 

Chemotheiapy with sulfanilamide and sulfapyiidine is discussed on 
pages 364 to 366 Maclachlan and his associates”- report beneficial effects 

61 (fl) Loughhn, E H , Bennett, R H , and Spit?, S H The Treatment 

of Lobar Pneumonia with Rabbit Antipneumococciis Serum, JAMA 111 
497-502 (Aug 6) 1938 {b) Baastrup, S , Transb^I, K, and Nielsen, O P 

Experiences with Serum Treatment of LoLar Pneumococcic Pneumonias, Ugesk 
f lasger 100 1195-1201 (Oct 27) 1938 (r) Blankenhorn, M A The Present 

Status of the Serum Therap}' of Lobar Pneumonia, JAMA 111 1260-1262 
(Oct 1) 1938 (rf) Nemir, R L Serum Treatment of Pneumonia in Childhood, 
J Pediat 13 219-235 (Aug ) 1938 (c) Plummer, N The Use of Serum in the 

Treatment of the Higher Types of Pneumonia, JAMA 111 694-698 (Aug 20) 
1938 (/) Andersen, W T Experiences with Serum Treatment of Croupous 

Pneumonia, Ugesk f Iseger 100 966-968 (Aug 25) 1938 ((/) Nissen, N I 

Serotherapeutic Studies on Lobar Pneumonia, Especially Treatment with Rabbit 
Antipneumococcus Serum, Acta med Scandmav 98 231-261, 1939 (/O Finland 

M , and Brown, J W Specific Treatment of Pneumococcus Type I Pneumonia, 
Including Use of Horse and Rabbit Antipneumococcus Serums and Sulfanilamide, 
Am J M Sc 197 141-280 (Feb) 1939 (i) Brown, J W, and Finland, M 

Specific Treatment of Pneumococcus Type H Pneumonia, Including Use of 
Horse and Rabbit Antipneumococcus Serums and Sulfanilamide, ibid 197 369-380 
(March) 1939 (;) Finland, M, and Brown, J W Specific Treatment of 

Pneumococcus Type V and T>pe VII Pneumonias, ibid 197 381-390 (March) 
1939, (^) Treatment of Pneumococcus Type HI Pneumonia with Specific Serum 
and Sulfanilamide, New England J Med 220 365-372 (March 2) 1939 (/) Horn, 

B Pneumococcic Lobar Pneumonia Report of Two Hundred and Forty-Five 
Cases with Special Reference to Specific Serum Therapj% Ann Int Med 12 922-931 
(Jan) 1939 (m) Rogers, E S , and Gooch, M E Type I Pneumococcus 

Pneumonia Observations from Study of Two Thousand Cases Treated with 
Specific Serum, New York State J Med 38 1369 (No\ 1) 1938 

62 Maclachlan, W W G , Johnston, J M , Bracken, M M , and Crum, 
G E Treatment of Pneumococcic Pneumonia by Hydroxyethylapocupreine, 
Am J M Sc 197 31-39 (Jan ) 1939 
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from the treatment of pneumococcic pneumonia with hydroxyeth} lapo- 
cupreme dihydi ochloi ide The stud)'- of Rogers and Gooch empha- 
sizes the danger of pregnancy as a factoi predisposing to pneumonia 
The pregnancy rate for patients with type I pneumonia was 6 6 pei 
cent, compared with an estimated rate of 2 2 per cent in a similar age 
group in the female population The last four months of piegnancy 
IS the most dangerous time The same authors show that nonspecific 
serum has no effect on the course of pneumonia 

Finland and Dublin®^ lepoit studies of 212 cases m which pneumo- 
coccic pneumonia complicated pregnancy and the pueiperium About 
1 of every 8 women of child-beai mg age who had pneumonia were 
pregnant, 0 63 per cent of all women admitted during piegnancy or 
parturition had pneumonia, and in 1 2 per cent of women of this age 
with pneumonia the condition was complicated by pregnancy Pneu- 
monia accounts for 1 death in every 5,000 deliveries and causes about 
one half of the maternal deaths from nonobstetnc factors The pneu- 
monia of pregnant women is less often typical as compaied with that 
of nonpiegnant women of this age, although the distribution of pneumo- 
coccic types among the pregnant women is about the same as among 
the nonpiegnant Bacteiemia was more fiequent in pregnant women, 
and the death rate from pneumonia among them w^as higher The 
death late from pneumonia was high (45 to 50 per cent) among those 
wdio conti acted the disease aftei the sixth month of piegnancy, among 
those whose pregnancy was teimmated dining the course of the disease 
and among those who weie not tieated with seium Among 79 patients 
delivered during pneumonia there were 35 (44 per cent) whose infants 
were stillborn and 13 whose babies died soon after biith Labor was 
often succeeded by shock All aboitions occuired befoie the seventh 
month of pregnancy, and none of the babies survived Of 54 mothers 
who had pneumonia after delivery at term, 46 had normal babies 

Cecil made an interesting study of the nature of pneumonia 
encountered m private piactice From time to time one heais that 
patients with pneumonia can be treated best at home and that the mortal- 
ity rate in the ones treated at home is lower than in the ones tieated m 
hospitals®^ This may be true foi pneumonia in geneial but uhen one 
compaies the diffeient types of pneumonia caused by pneumococci of 
specific types theie is little diffeience in mortality whether the patients 
aie kept at home oi not A great many statements made concerning 

63 Finland, M, and Dublin, T D Pneumococcic Pneumonias Complicating 
Pregnancy and the Puerperium, JAMA 112 1027-1032 (March 18) 1939 

64 Cecil, R L, and Lawrence, E A Pneumonia in Private Practice A 
Study of Nine Hundred and Eleven Cases, JAMA 111 1889-1894 (Nov 19) 
1938 

65 Cooper, E R , and Cecil, R L Pneumonia in Private Practice, Cor- 
respondence, JAMA 112 168-169 (Jan 14) 1939 
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the supposed mildness of pneumonia in general practice, particularly 
in country districts, are inaccurate Unless etiologic diagnoses are made 
with bacteriologic methods, accurate conclusions cannot be reached 

Hirsch found the average cost of the treatment of a patient with 
pneumonia to be $167 60 In three quarters of the cases the cost is 
ovei $80 The aveiage cost of serum for a patient in a hospital ward 
IS $59 The two major items of expense are hospitalization and the 
physician’s services 

Significance of Pneumococci of the Higher -Numb ei ed Types — 
I believe that caution should be used in arriving at an etiologic diag- 
nosis of pneumonia in a patient m whose sputum pneumococci of one 
of the higher-numbered types are found Whenever pneumococci of 
types I, II, III, V, VII, VIII or XIV are present m the sputum of a 
patient whose illness commenced suddenly with a chill and other signs 
and symptoms characteristic of lobar pneumonia, one can be almost 
ceitam that they are of etiologic significance But it is often doubtful 
that pneumococci of any other type are of piimary etiologic impor- 
tance when found in the sputum of a patient with patchy atypical pneu- 
monia, a low leukocyte count and othei uncharacteristic signs Many 
other bacteria and viruses may cause mild or seveie forms of pneu- 
monia, and the pneumococci found in the sputum may be mere sapro- 
phytes, which are habituall}' found in the nasopharyngeal secretions 
of the patient If pneumococci aie iound in the blood stream, they 
are most likely the cause of the disease, and in many mild infections 
of the lung pneumococci ma), of course, be seiious secondary invaders 
The decision in many cases is a difficult one to make 

An unusual complication of pneumonia, namely, acute hemorrhagic 
ulcerative gastroentei itis, was reported undei the name of Dieulafoy’s 
disease It is hardly justifiable to call the condition described by the 
authors pneumococcic gastroenteritis, since their data do not show that 
the pneumococcus was the cause of the complication 

Prophylaxis — Studies on the experimental vaccination of mem- 
bers of the Civilian Conseivation Coips have piogressed to such a 
degree that ceitain facts may now be stated A soluble pneumococcic 

66 Hirsch, J A Studj' of the Economics of Pneumonia The Costs of Diag- 
nosis and Treatment of Six Hundred and Twenty-Eive Cases in New York City, 
Pub Health Rep 53 2153-2168 (Dec 9) 1938 

67 Sanford, C H , Hughes, J D , and Weems, J Pneumonia Complicated 
by Acute Pneumococcic Hemorrhagic Ulcerative Gastroenteritis (Dieulafoy’s Dis- 
ease), Arch Int Med 62 597-603 (Oct) 1938 

68 Felton, L D Studies on Immunizing Substances in Pneumococci VII 
Response in Human Beings to Antigenic Pneumococcus Polj’-saccharides, Types 
I and II, Pub Health Rep 53 1855-1877 (Oct 21) 1938 Ekwurzel, G M , 
Simmons, J S , Dublin, L I , and Felton, L D VIII Report on Field Tests 
to Determine the Prophylactic Value of a Pneumococcus Antigen, ibid 53 1877- 
1893 (Oct 21) 1938 
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polysaccharide antigen prepared by Felton was used as an immunizing 
agent against pneumococci of types I and II The results are given m 
the accompanying table 

Although the results aie not particularly striking, since no serious 
outbreaks of pneumonia have occurred theie is some indication that the 
antigen may be effective as an immunizing agent Theie is evidence 
also that the antigen is moie effective m adolescents than in persons 
of moie advanced age The antigen did not lowei the incidence of 
othei infections of the respiratory tract Furthei studies aie under 
way 

Walsh and Cannon®'’ found that nasal instillation of small num- 
beis of pneumococci of type I in labbits led to fatal septicemia in 70 
per cent of them unless they had been vaccinated by dropping killed or 
autolyzed cultures of type I pneumococci into the nares Other forms 
of vaccination, specific or unspecific, were of no value Since the ani- 
mals vaccinated intranasally did not have specific antibodies in the 


Results of Evpeumental hmnumzatton with Pneumococcus Types I and II 

m Civihan Conseivafion Cotps 


Persons 

Studied 

Vaccinated Group 

Cases of 
Pneumonia 

Deaths 

Persons 

Studied 

Control Group 

Cases of 
Pneumonia 

Deaths 

3,126 

0 

0 

9,000 

8 

0 

7,500 

13 

0 

7,500 

23 

2 

15,000 

18 

0 

18,000 

39 

0 


blood stream, it seems that the immunity induced was local, involving 
only the mucous membiane 

Smillie believes the prevention of colds and of overcrowding more 
impoitant in the contiol of pneumonia than isolation oi quaiantme of 
patients with pneumonia oi of those in contact with them It seems 
to me, however, that since most peisons in contact with pneumococcic 
pneumonia become tempoiary cariieis of the pneumococcus causing the 
disease, isolation would at least reduce the number of cairiers This 
view IS shared by Cincinnati internists'^^ and by others who previously 
cited numerous examples of pneumonia apparently contracted by contact 
with a patient suffering from pneumonia Colds, they believe, are 

69 "Walsh, T E, and Cannon, P R Immunization of the Respiratory Tract 
Comparative Study of Antibody Content of Respiratory and Other Tissues 
Following Active, Passive and Regional Immunization, J Immunol 35 31-46 
(July) 1938 

70 Smillie, W G The Prevention of Pneumonia, New York State J Med 
38 1485-1489, 1938 

71 Benjamin, J E , Ruegsegger, J M , and Senior, F A Cross Infection 
in Pneumococcic Pneumonia, JAMA 112 1127-1130 (March 25) 1939 
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important m predisposing to pneumonia of the homologous type They 
urge segregation of patients with colds by the methods employed in 
wards for patients with contagious diseases 

Othei Fo 7 ms of Pneumoma — Hadfield makes a further report 
on the so-called rheumatic pneumoma While he agrees in general with 
those who have given previous descriptions, he feels that the sequence 
of changes has not been given clearly There is first widespread 
fibimous alveolitis, which is followed by mfiltiation of mononuclear cells 
Tiue Aschoft nodes are difficult to identify in lung tissue 

Cramer describes a form of pneumoma caused by inhalation of 
nitric oxide compound gas It is chai actei ized by miliary bioncho- 
pneumonia 

Chown suggests that the metaplastic reaction in the alveoli and 
bionchioles m the so-called giant cell pneumonia of infants described 
by Hecht, Karsner and others may be the result of deficiency of 
vitamin A 

Dickson publishes moie evidence to show that coccidioidomycosis 
commences as a primary infection of the lungs In most cases the 
infection is mild, and recoveiy is the rule The disease is usually mistaken 
for a simple cold or for influenza Eiythema nodosum commonly occuis, 
even in mild forms In a few cases the piimaiy attack subsides to be 
followed later by geneialization of the piocess as a p}emic infection 
which IS highly fatal 

Little attention has been given by Ameiicans to the syndrome called 
tiansient hypereigic infiltration of the lung with eosinophilia, desciibed 
by Loffler in 1931 It ma} be identical with a peculiar form of “allergic” 
pneumonia lecogmzed since 1912 Since 1931 numerous Euiopeans 
have published reports of cases The disease is perhaps seldom recog"- 
nized, because of its mildness The onset is sudden, with lapidly form- 
ing diffuse shadows in the lung, which disappear aftei thiee to eight days 
Fever is seldom noted, but there may be cough with or without pleural 

72 Hadfield, G The Rheumatic Lung, Lancet 2 710-711 (Sept 24) 1938 

73 Cramer, G Pneumonia Caused bv Gaseous Nitric Ovide Compounds, 
Arch f Gewerbepdth u Gewerbehyg 9 1-12 (Nov 12) 1938 

74 Chown, B Giant Cell Pneumonia of Infancy as a Manifestation of 
Vitamin A Deficiency, Am J Dis Child 57 489-505 (March) 1939 

75 Dickson, E C, and Gifford, M A Coccidioides Infection (Coccidioido- 
mycosis) II The Primary Type of Infection, Arch Int Med 62 853-871 
(Nov) 1938 

76 Gravesen, P B Transitory Lung Infiltrations with Eosinophilia, Acta 
med Scandinav 96 523-534, 1938 Leitner, L J Hyperergische, fluchtige, mit 
Eosinophilic engehende Infiltrate der Lungen bei Tuberkulose und Abortiopneu- 
monien, ibid 97 473-507, 1938 Ramsay, H , and Scadding, J G Benign 
Bronchopulmonary Inflammations Associated with Transient Radiographic 
Shadows, Quart J Med 32 79-95 (April) 1939 
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pain, and the sputum may be frothy The cause is unknown, but the 
condition is thought to be hypereigic in natuie, involving the interstitial 
tissue and the alveoli rather than the bionchi, as m asthma 

A “new” infection of the respiratory tract 

Dm mg 1938 a numbei of cases of a pecuhai form of pneumonia in 
Philadelphia came to my attention Similai cases were noted m New 
York, Albany, Boston, Washington, D C , the state of Georgia, 
St Louis, Minneapolis,'® Chicago, the state of Oi egon and England 

The infection started suddenly oi giadually, and in the eaily stage 
was often regaided as a cold oi influenza There was occasionally a 
biief period of remission befoie the tempeiature rose to high levels 
The inflammation spread from the nose oi tin oat to the bronchi, bron- 
chioles and lungs, where a diffuse atypical pneumonia finally developed 
The disease was charactei ized by hoarseness, dyspnea, cyanosis, sweat- 
ing, stupoi, cough with a minimal amount of sputum, high fevei and 
relative biadycaidia In 2 patients signs and symptoms of encephalitis 
developed One patient died The leukocyte count was noimal or 
slightly increased In a few patients the clinical condition at the height 
of the illness stiongly resembled typhoid fever or psittacosis 

In an attempt to find the cause of the disease Stokes, Kenney and 
Shaw and Francis and Magill obtained nasophaiyngeal washings 
from most of my patients and inoculated ferrets Fiom the nasal wash- 
ings of one patient and from the blood seium of anothei a filtrable agent 
was recovered, which caused bacteria-free mononuclear cell pneumonia 
and encephalitis in feiiets and white mice 

Unfortunately, the virulence of the viius was not maintained in 
animals, and the virus was lost after ten to fifteen passages, before 
specific protection tests and other tests could be made to verify its 
etiologic significance The virus was eithei (a) the cause of the disease 
described, (b) a commensal or (c) a viius found in rodents The last 
possibility IS not very great, since the virus was found by different 
investigators in diffeient cities, it was different from other known 

77 Reimann, H A An Acute Infection of the Respiratory Tract with 
Atypical Pneumonia A Disease Entity Probably Caused by a Filtrable Virus, 
J A M A 111 2377-2384 (Dec 24) 1938 

78 McKinlay, C A Acute Diffuse Bronchiolitis, Journal-Lancet 59 90-91 
(March) 1939 

79 Miller, F N , and Hayes, M G Bronchopneumonia of Mild Seventy 
at the University of Oregon, Northwest Med 38 12-14 (Jan ) 1939 

80 Andrewes, C H Epidemic Influenza, Lancet 1 589-591 (March 11) 
1939 

81 Stokes, J , Kennej', A S , and Shaw% DR A New Filtrable Agent 
Associated with Respiratory Infections, Tr Coll Physicians Philadelphia 6 329- 
333 (Feb) 1939 
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viruses, it died out during passage (if of animal origin it probably 
would have persisted), and it was obtained from the nasal washings 
and blood of 2 members of the same family 

The question arose whethei the infection is a “new’ disease or 
whether it is a membei of a group of atypical infections heretofore 
called colds, bronchopneumonia or capillary bronchiolitis I legarded 
It rather as a newly recognized severe foim of an otherwise mild and 
pel haps commonly encountered infection of the respiratoiy tract The 
infection as described has many features in common with pneumonia 
caused by other filtrable viruses, such as the pneumonia of psittacosis, 
vaccinia, measles or influenza One wonders whethei the epidemic dis- 
ease in the Faroe Islands described by Rasmussen as a psittacosis-like 
disease is not the same as that described heie Stahel studied an 
explosive outbreak of an infectious disease m a Swiss regiment Of 
930 soldiers, 108 had catanhal symptoms with profuse perspiration, 
m)algia and diphasic fever Because 6 of the aftected soldiers had 
persistent headache, stiffness of the neck and myalgia, Stahel regarded 
the epidemic as one of poliomyelitis in spite of a morbidity rate of 14 
per cent and no sequels From the brief desciiption given it seems 
more likely that it was predominantly an infection of the respiratory 
tract which involved the central nervous system m a few cases 

A virus obtained from other patients with infection of the lespiratory 
tract which caused meningitis and pneumonitis m animals was studied 
by Francis and Magill 

In view of the fact that experimental animals, especially white mice, 
guinea pigs and rabbits, harbor numeious native viruses that are filtrable, 
it is necessary to use caution m interpreting a disease observed to occur in 
such animals after injection of materials obtained fiom human patients, 
as signifying the transfer of disease from these patients Goidon, 
Freeman and Clampit repoited the discovery in mice of a filtrable 
agent which causes pneumonia The disease is easily confused with that 
caused by the inoculation of mice with the virus of epidemic influenza 
except for the absence of metaplastic replacement of the bronchiolai 
epithelium Further differentiating it fiom influenza is a focal necrosis 

82 Rasmussen, R L Er primer epidemisk alveolopneumom og psittacosis 
samme sygdoms^ Ugesk f lasger 100 989-998 (Sept 1) 1938 

83 Stahel, H Die Poliomyelitis Epidemie, Schweiz med Wchnschr 68 86-91, 
1938 Epidemic of Poliomyelitis in a Regiment, Foreign Letters, JAMA 111 
74 (July 2) 1938 

84 Francis, T , and Magill, TP An Unidentified Virus Producing Menin- 
gitis and Pneumonitis in Experimental Animals, J Exper Med 68 147-160 
(Aug) 1938 

85 Gordon, F B , Fieeman, G, and Clampit, J M A Pneumonia-Producing 
Filtrable Agent from Stock Mice, Proc Soc Exper Biol & Med 39 450-451 
(Dec) 1938 
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of the livei which occuis Hoi sf all and Hahn®° likewise leport a viitis 
fiom noimal mice capable of inciting pneumonitis when inoculated intia- 
nasally into normal mice Then vnus, however, was not the same as 
that described by the afoiementioned obseiveis oi as mine, it was 
stiictly pneumonotropic m mice, it was nonpathogenic when inoculated 
mtraperitoneally or mti acei ebi ally, and it was not viiulent foi feirets 

At the May meeting of the Association of Ameiican Physicians 
Stokes and I gave fuithei evidence to suppoit the view that the disease 
I desciibed m 1938 was the seveie foim of a widely distiibuted infection 
of the lespiiatoiy tiact In Febiuaiy and Maich of 1939 a widespiead 
epidemic broke out m Philadelphia Neaily 50 pei cent of a gioup of 
800 pel sons compiised of nuises, students and interns at Jeffeison 
Hospital weie ill dm mg this time Of this group, 78 per cent weie 
mildly ill and ambulatory, 15 per cent weie moderately ill and confined 
to bed, and 7 pei cent had the severe form of the disease, with pneu- 
monia None died No definite evidence of the isolation of a virus was 
found when nasopharyngeal washings weie inoculated into ferrets by 
Stokes and Shaw The vnus of epidemic influenza, or evidence of its 
piesence, was not obtained 

A similar epidemic was noted in Ithaca, N Y , among university 
students The observeis pi ef erred to call the disease acute interstitial 
pneumonitis, but no necropsy material was available to support this 
description I had pieviously mentioned the teim “virus pneumonia,'’ 
but this term also is not desiiable unless a vnus can be proved to cause 
the disease Fuithermore, m only a small peicentage of those ill weie 
the lungs involved Since an etiologic diagnosis is preferable to an 
anatomic one, it is best not to give the entity a definite name until its 
cause can be found It is peihaps better, also, to legard it as a newly 
described disease rather than a new disease 

Goodpastuie and his co-workeis®® observed a hitherto undesciibed 
“virus pneumonia” in 5 infants The virus invasion appealed to be 
secondary to measles and whooping cough and seemed to pave the way 
for bacterial invasion of the lung Animals could not be infected by 
experimental inoculation of lung tissue The virus was not that of 
herpes simplex nor that of the so-called inclusion disease of infants 
The pulmonary lesions showed charactei istic mtranucleai inclusions, 
piesent almost exclusively in the epithelial cells of the tiachea, bronchi 

86 Horsfall, F L , and Hahn, R G A Pneumonia Virus of Swiss Mice, 
Proc Soc E'^per Biol & Med 40 684-686 (April) 1939 

87 Smiley, D F , Showacre, E C , Lee, W F, and Ferns, H W Acute 
Interstitial Pneumonitis A New Disease Entity, JAMA 112 1901-1904 
(May 13) 1939 

88 Goodpasture, E W , Auerbach, S H , Swanson, H S , and Cotter, E F 
Virus Pneumonia of Infants Secondary to Epidemic Infections, Am J Dis 
Child 57 997-1011 (May) 1939 
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and alveoli Epithelial neciosis and ulceration of the tracheal and 
bronchial mucosa and interstitial pneumonia followed 

INFLUENZA 

According to Francis and Magill,®® there were marked differences 
and sti iking similarities m antigenic characteristics among 24 strains 
of the Aurus of epidemic influenza A rough grouping of strains is 
possible, but the characteristics of one group merge with those of 
another The differences which weie found, they believe, scarcely 
wairant the designation of types The conclusions of Smith and 
Andiewes on the same subject, published m the same journal, differ 
somewhat from those of Fiancis and Magill To account for the 
divergent lesults, the English investigators suggest that the strains 
studied Francis and Magill all fall into a group Avhich in England 
IS regarded as “intei mediate ” Smith and Andrewes classify strains of 
influenza virus into three mam categories, namely, highly specific, rela- 
tively nonspecific and intermediate strains It is obvious that many 
strains do exist, which is a consideration of impoitance for epidemio- 
logic and piophylactic reasons This multiplicity may account for 
second attacks, the latter being due to strains antigenically dissimilar 
to those causing the first attack It is still unknou n whethei the various 
t}pes of stiains are of stable antigenic constitution or whether significant 
vaiiation occurs Several apparentl}’^ different strains may be encoun- 
tered in a single epidemic 

Fiancis and Stuart-Hariis made studies similar to those reported 
by Stiaub in 1937 and found the virus of influenza to cause a specific 
injury of the nasal mucosa in feriets Study of the process of repair 
showed on about the sixth oi eighth day an abnormal type of epithelium 
that Avas resistant to further virus infection and to injury by zinc sulfate 
After tAventy-one days the membrane Avas again normal m type and sus- 
ceptible to injury The destruction of the membrane in the early period 
seems to permit inAasion by pathogenic bacteria Stuart-Harns 
caused a strain of influenza virus to become neuiotropic m young mice 

89 Magill, T P , and Francis, T Antigenic Differences in Strains of Epi- 
demic Influenza Virus, Brit J Exper Path 19 273-284 (Oct ) 1938 Francis, T 
and Magill, T P Cross-Immunization Tests in Mice, ibid 19 284-292 (Oct ) 
1938 

90 Smith, W, and Andrewes, C H Serologic Races of Influenza Virus, 
Brit J Exper Path 19 293-314 (Oct ) 1938 

91 Francis, T , and Stuart-Harns, C H Studies on the Nasal Histology of 
Epidemic Influenza Virus in the Ferret, J Exper Med 68 813-830 (Dec ) 1938 

92 Stuart-Harns, C H A Neurotropic Strain of Human Influenza Virus, 
Lancet 1 497-499 (March 4) 1939 
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by passage on choi lo-allantoic membiane Leish calls attention to the 
lemaikable tissue specificity of influenza virus In tissue cultuie expeii- 
ments the viius giew best in lungs of embryos The moie embiyonic 
the tissue, howevei, the widei the lange of organs in \Yhich growth was 
possible 

At the meeting of the Ameiican College of Physicians in the spiing 
of 1938 Goodpastuie leported the culture of influenza virus m chick 
embryos Vaccine made fiom such cultures may eventually piove 
piactical foi the prevention of influenza 

Shope suggests that lungworm laivae from pigs which haiboi 
influenza viius may cany the virus to earthworms, which m turn aie 
eaten by other pigs, which may then acquire the infection m a subclimcal 
form Influenza may be provoked m these hogs by injecting Haemo- 
philus influenzae suis mtiamusculaily or by nonspecific measures, such 
as injecting calcium chloiide solution mtrapleurally 

Magill and Francis®® demonstiated a flocculation leaction when 
serums of patients convalescent fiom influenza weie mixed with suspen- 
sions of lung tissue from mice infected with influenza vnus It was not 
definitely established whethei the reaction was specific for the virus of 
influenza or not 

ANIMALS AS HOSTS OF INFECTIOUS AGENTS OF MAN 

The importance of animals as reseivoirs of infections which may 
spiead to man is receiving an inci easing amount of attention Although 
a few of the more obvious infections which involve both man and 
animals have long been known, such as glanders, anthrax, foot and 
mouth disease, rabies, plague, tuberculosis and smallpox, other infec- 
tions, less striking m then manifestations or m their moitality late, 
have been dealt with only in recent years They include tularemia, 
undulant fever, the typhus-spotted fever group of rickettsial diseases, 
those caused by filtrable viiuses, such as choriomeningitis, “equine” 
encephalomyelitis, jungle yellow fevei, influenza, swineherd’s disease, 
psittacosis and loupmg ill, and the spncchetal group with rat-bite fever, 
relapsing fever and Weil’s disease 

To emphasize the impoitance of this group of diseases involving 
both man and animals I have gathered together the following informa- 
tion as indicative of the advances in knowledge made in this direction 
m 1938 

93 Tissue Specificity of Influenza Virus, Foreign Letters, JAMA 112 
1615 (April 22) 1939 

94 Shope, R E An Intermediate Host for the Swine Influenza Virus, Science 
89 441-442 (May 12) 1939 

95 Magill, T P , and Francis, T A Flocculation Phenomenon with Human 
Sera and Suspensions of the Virus of Epidemic Influenza, Proc Soc Exper Biol 
& Med 39 81-84 (Oct ) 1938 
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Lyinphocyhc Choitomemngihs — Armstrong and Sweet®® leport 2 
cases of lymphoc 3 '^tic choriomeningitis from Washington, D C Giay 
house mice tiapped in the homes of the patients weie found to haibor 
the virus which causes the disease The viius was not present m mice 
caught elsewheie Mice were, theiefoie, inciiminated as a reseivoii of 
the disease from which man is infected It seems to me, howevei, that, 
as 111 the contioveisey on human influenza and hog influenza, it is not 
possible to tell whethei the mice did not contiact the infection fiom the 
human patients 

Coggeshall ®‘ pioved experimentally that mosquitoes may tiansmit 
the viius of lymphoc}d;ic choriomeningitis from infected monkeys or 
guinea pigs to normal ones Mosquitoes aie infectious as early as the 
fourth day and as late as the fifteenth daj'^ after feeding on a sick animal 
Howard points out how impoi taut it is to make an etiologic diag- 
nosis m cases of this disease, since, she believes, other agents may give 
rise to similai signs and symptoms 

Encepkaloinyelihs — In 1931 Me 3 '^er, Haring and Howitt repoited 
the discoveiy of a virus which caused an outbieak of encephalomyelitis 
among hoises and mules m California Because of the occurrence of 
the disease in these animals it was called equine encephalomyelitis 
Later Meyer suggested that human beings may contiact the disease 
from horses and reported 3 cases in which this may ha^e occuried 
In 1936 an epidemic among horses in Montana was lecognized®® 

In 1935 the disease was noted among hoises m the eastern pait of 
the United States, but the virus isolated differed somewhat sei ologically 
from that causing the western vaiiety of this disease The discovery 
of the disease in diffeient paits of the countiy bungs up the question 
raised befoie conceining tularemia, undulant fever and the eastern 
variet 3 ^ of Rocky Mountain spotted fever — i e , whethei it is a new 
disease and whether it is spreading It is my belief that none of these 
aie new diseases in the sense of never having existed before It is more 
likely that they appear sporadical^ in unrecognized foim oi periodically 
m wavehke epidemics to subside to unimpoitance in interepidemic 
periods They are diagnosed only aftei some one shows how to do it 
or after the etiologic agent is discovered 

96 Armstrong, C , and Sweet, L K L}'mphocytic Choriomeningitis Report 
of Two Cases, with Recovery of the Virus from Gray Mice (Mus Musculus) 
Trapped in the Two Infected Households, Pub Health Rep 54 673-684 (April 28) 
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97 Coggeshall, L T The Transmission of Lymphocytic Choriomeningitis by 
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98 Howard, M E Lymphocytic Choriomeningitis A Discussion of Its 
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Western Montana, J Am Vet M A 93 225-232 (Oct ) 1938 
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In 1938 sti iking new facts were discovered concerning “equine” 
encephalitis In September Fotliergill and his associates and Webstei 
and Wiight’^®^ lepoited that the}'^ had isolated the mi us of the eastern 
disease from human patients, fulfilling Meyei’s piediction of 1933 
Schoening and his associates then succeeded m infecting horses with 
the viius obtained fiom one of these patients The virus caused disease 
when inoculated into noimal horses and in those previously lendered 
immune to the western vaiiety of virus but not m those immunized 
against the homologous eastern stiain The viius is specific and is 
apparently not i elated to the viius of lymphocytic choi lomenmgitis, the 
St Louis type of encephalitis or von Economo’s encephalitis lethargica 

In November and Decembei several other clinical repoits were pub- 
lished Ecklund and Blumstein in Minnesota and Howitt in 
California repoited infections of the western variet} in man A detailed 
clinical and pathologic description of the disease as observed m 4 cases 
was published by a group in Boston It appears that an outbieak 
of encephalomyelitis occurred in hoises in the New England states in 
August 1938 More than 200 horses died At the same time encephalitis 
developed in numeious persons, and 30 oi more were studied The 
moitahty rate among horses was 90 per cent The death late for the 
patients was high (25 of 38 died) m contrast with that for patients 
with encephalitis lethargica, but no doubt many mild attacks went 
unrecognized 

A sui prising lepoit came in November fiom Tyzzer, Sellards and 
Bennett, who discovered the virus of the eastern variety of “equine” 

100 Fothergill, L D , Dingle, J H , Farber, S , and Connerley, M L 
Human Encephalomyelitis Caused by the Virus of the Eastern Variety of Equine 
Encephalomyelitis, New England J Med 219 411 (Sept 22) 1938 

101 Webster, L T , and Wright, F H Recovery of Eastern Equine Encepha- 
lomyelitis Virus from Brain Tissue of Human Cases of Encephalitis in Massa- 
chusetts, Science 88 305-306 (Sept 30) 1938 

102 Schoening, H W , Giltner, L T , and Shahan, M S Equine Encephalo- 
myelitis Produced by Inoculation of Human Encephalitis Virus, Science 88 409-410 
(Oct 28) 1938 
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encephalomyelitis m rmg-necked pheasants Numbers of these birds had 
been found paralyzed m Connecticut and died befoie shipment to the 
laboratoiy It was suggested that the adjective “equine” might be 
a misnomer , the horse may simply be anothei species susceptible to an 
infection which occurs naturally m wild life Other wild and domestic 
fowl are known to be susceptible to the virus, and migratory birds are 
implicated as a possible permanent source of infection During the 
epidemic among horses in August pigeon breeders noted an unusual 
fatal disease among their birds From one of the dead birds Fothergill 
and Dingle isolated the virus 

The ease with which mice can be infected suggests that rodents may 
be a source of the disease, as they are of typhus, spotted fever, plague 
and tularemia Numerous investigators have suggested that insects, 
particularly mosquitoes, are vectors of the infection These problems 
provide experimental work for the next decade or two 

A somewhat similar disease was reported m Canada and in Venezuela 
Beck and Wyckoff studied a strain sent from South America and 
found it to produce a disease somewhat similar to the eastern variety of 
encephalomyelitis, yet immunologically it is different from both the 
eastern and the western vaiiety of the virus, especially from the latter 

St Louis Encephalitis — In further epidemiologic studies on the 
outbreaks of encephalitis in St Louis Casey and Broun noted a con- 
centiation of cases m vicinities of sewage and refuse dumps, streams, 
ponds and overgrown weeds The outbieaks had no epidemiologic 
features suggesting an association with bad housing, crowding or cold 
weather, and there were no multiple “house” cases, but every observed 
feature suggests a similaiity to such mosquito-borne diseases as yellow 
fevei, malaria and peihaps equine encephalitis The outbreaks had no 
connection with the water supply, food supply or milk supply They 
involved the same widely separated areas m two different \ears and 
occurred only m the warm months 

Armstiong^®* inquired into the prevalence of encephalitis m warm 
months He found that the nonspecific protection resulting from the 
irritation of instilling cultures of nonpathogenic bacteria into the nares 
was sufficient to render mice resistant to subsequent intranasal inocula- 
tion with the virus of St Louis encephalitis Mild infections of the 

105 Fothergill, L D , and Dingle, J H A Fatal Disease of Pigeons Caused 
by the Virus of the Eastern Variety of Equine Encephalomyelitis, Science 88 549- 
550 (Dec 9) 1938 
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Injections in Mice, Pub Health Rep 53 2004-2012 (Nov 11) 1938 



REIMANN— INFECTIOUS DISEASES 


389 


respiratory tract which affect so large a proportion of the population 
in the winter may have a similar nonspecific preventive effect during 
the cold months 

Toxoph'Smosis — Encephalitis caused by Toxoplasma, a piotozoan 
paiasite of various mammals and birds, has been lepoited in several 
infants recently Wolf, Cowen and Paige report the transmission of 
the infection to rabbits and mice They suggest that human toxoplas- 
mosis may take on clinical forms aside from encephalitis, as suggested 
by pathologic studies in a leport from France 

De Morsier raises the question, often discussed before, of the 
relation of herpes simplex to encephalitis There has been a good deal 
of uncertainty as to whether the two when they occur at the same time 
are caused by the same virus or not This French observer believes 
that a relationship exists but makes no mention of attempts to prove 
his point with experimental studies Similar uncertainty obtains in 
regal d to the encephalitis of mumps,’^^^ that of vaccinia, postvaccinal 
encephalitis, postinfluenzal encephalitis and other encephalitides 
Recently I noted encephalitic symptoms in 2 patients with a severe 
infection of the respiratory tract A virus, piesumably the cause of 
the disease, was isolated fiom one of the patients The virus caused 
encephalitis and pneumonia m mice and guinea pigs This observation 
strengthens the view that numeious viruses may have the capacity to 
affect the nervous system m addition to the tissues and oigans which 
they usually involve 

Acute Aiitenoi Poboinyelifu — Frauchiger and Messerh,^^- of 
Switzerland, report what they believe to be acute anterioi poliomyelitis 
in a heifer and in hogs The symptoms, they state, were typical of the 
disease in man, but no other cattle and no human beings were affected 
at the time One animal was killed, and microscopic examination 
revealed changes m the lumbosacral portion of the spinal cord identical 
with those found m man Whether the virus which caused the disease 
was identical with that which causes disease in man is not certain, but 

109 Wolf, A , Cowen, D , and Paige, B Human Toxoplasmosis Occurrence 
m Infants as an Encephalomyelitis, Verification by Transmission to Animals, 
Science 89 226-227 (March 10) 1939 

110 de Morsier, G Herpetic Encephalitides Apoplectic Form, Convulsive 
and Hallucinatory Form, Contagion by Herpetic Virus, Presse med 46 1611 
(Nov 2) 1938 

111 Fuhrmann, K G Nervous Complications m Epiaemic Parotitis 
Aleningoradiculitis Basalis Parotidea, Hospitalstid 81 159-168 (Feb 8) 1938 
Fmkelstem, H Meningo-Encephalitis in Mumps, JAMA 111 . 17-19 (July 2) 
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112 Case of Spontaneous Poliomyelitis in an Animal, Foreign Letters, 
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the possibility is highly important To test the theory furthei, 
Frauchigei and Hofmann inoculated 3 heifeis with virus from a 
human patient with poliomyelitis Each animal became ill with sug- 
gestive symptoms, and the spinal fluid gave evidence of infection 
Histologic studies were not leported 

These reports led Lumsden to suggest the possibility mentioned 
befoie but never supported, namely, that the stable fly may be a carrier 
of the virus of this disease The epidemiology of poliomyelitis is similar 
to that of other insect-borne diseases, such as typhoid fever, malaria 
and yellow fever 

In 1937 a sudden epidemic believed to have been poliomyelitis bioke 
out m a Swiss regiment In a period of twelve days in July, 6 of 930 
soldiers were taken ill with meningeal and myelitic symptoms, 16 with 
meningeal symptoms alone and 108 with catarihal symptoms There 
was difficulty m differentiating the disease from influenza In reading 
this biief report one wonders whether this disease actually was acute 
anterioi poliomyelitis The moibidity rate of 14 per cent and the 
recovery without sequels m most of the cases do not confoim with 
the usual desciiption of acute anteiioi poliomyelitis, and no authentic 
cases of poliomyelitis were noted among the civil population at the same 
time Furthermoie, the gieat predominance (83 per cent) of infections 
of the respiratoiy tract, as indicated b}^ catarrhal symptoms with profuse 
sweating, suggests that some pneumonoti opic virus may have been opei a- 
tive which in an occasional patient attacked the neivous system, similai 
to the cases of atypical pneumonia desciibed elsewhere in this leview 

Toomey doubts whethei many of the recoided cases of second 
attacks of poliomyelitis can be accepted as such Other infections 
which follow an attack of poliomyelitis may cause fuithei harm and 
aggravate the symptoms aheady present Drapei and Dupeitius 
attempt to show a lelationship between constitutional factors and 
susceptibility to poliomyelitis Pei sons whose body measuiements 
conform to a ceitain form seem to be moie susceptible to the disease 
than others In susceptible persons a tendency to oveigiowth and 
letarded development was often noted Paiticularly noticeable weie a 
mongoloid type of eye and fetal and infant-hke letaidation of the 
eye-nose zone 

113 Frauchiger, E, and Hofmann, W Experimental Transmission of Polio- 
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Typhus Fevei — The infectious agent of typhus fever was found to 
peisist foi a year in the biains of rats The brains of rats inoculated 
with the viius of Rocky Mountain spotted fever were not infectious 
after a month Endemic typhus fever can be maintained m native field 
mice Gray squirrels, fox squirrels, cottontail rabbits, swamp rab- 
bits, chipmunks and skunks were all found to be susceptible to the 
viius^^° Rats were found to harboi typhus nckettsias (muime form) 
111 North China, wheie it was previously believed that only the epidemic, 
01 human, form existed All of these studies emphazise the impor- 
tance of native rodents as a perennial reservoir of typhus fevei 

Boston investigatoi s found that by giving typhus-infected rats a 
diet deficient m riboflavin a gieatly inci eased yield of nckettsias was 
obtained A reduction of lesistance of animals brought about by a 
diet deficient in riboflavin might be useful in studying otliei viruses of 
low invasiveness foi otheiwise healthy animals 

Davis and Cox lecoveied from wood ticks a filter-passing agent 
similai to the one desciibed by Noguchi in 1926 The agent caused 
disease when inoculated into guinea pigs, and it could be propagated 
by tiansfer fiom one animal to another The viitis passes thiough 
filters which hold back the nckettsias of typhus and spotted fever, and 
Cl OSS immunity tests failed to show any relationship with these infec- 
tious agents The filter -passing agent survived in ticks expei imentally 
infected and m eggs deposited by infected females and was transmitted 
by the piogeny The agent was not a filtrable virus in the stiict sense 
of the teim, since numerous minute nckettsia-hke organisms were seen 

117 Philip, C B , and Parker, R R The Persistence of the Viruses of 
Endemic (Murine) Typhus, Rocky Mountain Spotted Fever and Boutonneuse 
Fever in Tissues of Experimental Animals, Pub Health Rep 53 1246-1251 
(July 22) 1938 

118 Brigham, G D Endemic Typhus Virus in Mice, ibid 53 1251-1256 
(July 22) 1938 

119 Brigham, G D Susceptibility of Animals to Endemic Virus, Pub Health 
Rep 53 2078-2079 (Nov 25) 1938 

120 Wu, C J , and Zia, S H Isolation of Typhus Fever Virus from House 
Rats m Peiping, Proc Soc Exper Biol & Med 39 163-165 (Oct) 1938 Liu, 
W T , and Chung, H L A Murine Tj'phus Virus Isolated from a Patient in 
Peiping China, ibid 40 350-353 (March) 1939 

121 Pinkerton, H , and Bessey, O A The Loss of Resistance to Murine 
Typhus Infection Resulting from Riboflavin Deficiency in Rats, Science 89 368- 
370 (April 21) 1939 

122 Davis, G E , and Cox, HR A Filter-Passing Infectious Agent Isolated 
from Ticks I Isolation from Dermacentor Andersoni Reactions m Animals, and 
Filtration Experiments, Pub Health Rep 53 2259-2267 (Dec 30) 1938 Parker, 
R R , and Davis, G E II Transmission by Dermacentor Andersoni, ibid 53 
2267-2270 (Dec 30) 1938 Cox, H R III Description of Organism and 
Cultivation Experiments, ibid 53 2270-2276 (Dec 30) 1938 Dyer, R E IV 
Human Infections ibid 53 2277-2282 (Dec 301 1938 
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in stained sections of tissues from infected animals The stained organ- 
isms look like rickettsias of typhus but also resemble Bartonella bacilh- 
formis of Carrion’s disease They could not be cultivated on special 
mediums but were cultivated readily in tissue cultuies 

One of the investigators of the disease became ill with malaise, pain 
in the eyes, chilly sensations, sweating, a temperature which reached 40 C 
(104 F) and dropped to normal on the seventh da)-, and pain and 
swelling in the joints of the fingers The leukocytes numbeied 8,800 per 
cubic millimeter Blood from the patient inoculated into guinea pigs 
caused the same type of reaction as mentioned in a preceding paragraph 
Furthermoie, the patient’s serum during convalescence protected guinea 
pigs against infection with the agent under study Dyer suggests that 
the disease may be identical with the “Q” fevei discovered in Australia, 
which IS also tiansmitted by ticks Guinea pigs con\alescent from “Q” 
disease were immune to infection with the iickettsia from Montana 

Of interest is a psittacosis-like atypical pneumonia repoited by 
Rasmussen®- He studied 68 cases of an epidemic foim of pneumonia 
which occurs occasionally m the Faroe Islands He believes that a 
connection exists between the incidence of the disease and the catching 
of young marine birds, which may be the source of the infection 
Pinkerton^-® leports an instance of anthrax contracted from minks on 
a fui farm 

An epidemic of paiatyphoid fevei broke out in a village in Sweden 
t^vo weeks aftei an attack of enteritis in a dog The dog’s blood 
later was found to agglutinate specificall)'^ the suspension of the bacillus 
Another epidemic of paratyphoid infection m Sweden was also traced 
to a dog which came from a village m which the disease was prevalent 

Anderson®®® believes that hepatitis in man may be acquiied by 
infection fiom a similai disease in swine In swine it is an infectious 
parenchymal hepatic disease tiansmissible to lats No expeiimental data 
aie oftered as to the nature of the infectious agent Dienes®®® lepoited 
an outbieak of hepatitis in Germany 

Ten Broeck and Nelson®®® discoveied a highly fatal disease among 
guinea pigs in their colony of animals The causative agent seemed 

123 Pinkerton, H An Outbreak of Anthrax Infection in Minks with Infec- 
tion of a Ranch Owner, JAMA 112 1148-1149 (Alarch 25) 1939 

124 Caspersen, J Ein Hund als wahrschemhche Infektionsquelle eines klemen 
Paratyphus-B-Ausbruches, Ztschr f Hyg u Infektionskr 120 611-614 (July) 
1938 

125 Magnussen, K E Ein Hund als Ansteckungsquelle von Paratyphus- 
infektion, Ztschr f Hyg u Infektionskr 121 136-138 (Oct ) 1938 

126 Anderson, T T Investigations on the Etiology of Epidemic Hepatitis, 
Ugesk f Iseger 100 777-806 (July 14) 1938 

127 Dienes, H Hepatitis epidemica in Dossenheim bei Heidelberg, Ztschr f 
Hyg u Infektionskr 120 526-538 (June) 1938 

128 Ten Broeck, C, and Nelson, J B A Highly Fatal Disease of Guinea 
Pigs, Proc Soc Exper Biol & Med 39 572-573 (Dec ) 1938 
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to be a filtrable virus A few young animals became ill, and oigan 
suspensions were injected into othei animals Fever developed aftei 
two to five days, leukopenia occuiied and the animals given the injec- 
tions all died in about two weeks Pneumonia occurred only m animals 
inoculated mtranasally and m those infected by contact No othei 
lesions weie desciibed except enlarged lymph nodes 

Hammon and Endeis^^'* isolated a viius fiom cats during a spon- 
taneous epidemic The virus caused leukocytosis and intestinal lesions, 
m which inclusion bodies weie present 

A curious form of chronic ulcerative cecitis was obseived in lats, 
dial acterized by chionic lymphangitis, lymphedema and lymphoid hyper- 
plasia of the lymph nodes of the mesentery 

Sabin subjected tissue infected with Toxoplasma to a temperatuie 
of — 80 C , killing the organisms, and found unexpectedly a filtrable 
transmissible agent with neuiolytic propeities for mice to be present 
This agent passed thiough a 720 but not through a 628 milhmici on 
graded collodion membiane After it had been inoculated intraocularly 
m mice, films of the inner contents of the eyes, stained by Giemsa’s 
method, revealed peculiar minute structures Later experiments sug- 
gested that this neurolytic agent was similar to that associated with 
pleuropneumonia and similai to the one isolated by Findlay and Kliene- 
beiger from mice duiing passage of the viruses of yellow fevei and 
lymphocytic choiiomeningitis 

A progiessive prohfeiative polyaithiitis with clinical and pathologic 
similarities to human iheumatoid arthritis was produced experimentally 
111 mice with a filtrable pleui opneumonia-hke micio-organism recently 
isolated from a normal mouse Sabin suggests investigation to 
determine whether oi not a similai agent may play a role m human 
iheumatoid aithritis 

Andiei and Ravenna report the development of thromboendo- 
caiditis m labbits after intrapeiitoneal injection of various substances 

129 Hammon, W D , and Enders, J F A Virus Disease of Cats, Principally 
Characterized by Aleukocytosis, Enteric Lesions and the Presence of Intranuclear 
Inclusion Bodies, J Exper Med 69 327-351 (March) 1937 

130 Jones, B F , and Stewart, H L Chronic Ulcerative Cecitis in the Bat, 
Pub Health Rep 54 172-175 (Feb 3) 1939 

131 , Sabin, A B Isolation of a Filtrable, Transmissible Agent with “Neuro- 
lytic” Properties from Toxoplasma-Infected Tissue, Science 88 189-191 (Aug 26) 
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132 Sabin, A B Identification of the Filtrable, Transmissible Neurolytic 
Agent Isolated from Toxoplasma-Infected Tissue as a New Pleuropneumonia- 
Like Microbe, Science 88 575-576 (Dec 16) 1938 

133 Sabin, A Experimental Proliferative Arthritis in Mice Produced by 
Filtrable Pleuropneumoma-Like Microorganisms, Science 89 228-229 (March 10) 
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134 Andrei, G, and Ravenna, P Thromboendocarditis in Rabbits New 
Disease Due to Infravirus (^), Arch Int Med 62 377-383 (Sept) 1938 
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such as human blood, horse serum and milk The disease, when estab- 
lished, could apparently be transmitted to other rabbits The observers 
believe the causative agent to be a filtrable virus, since cultures made 
from the lesions were sterile These observations may be of importance 
with respect to subacute bacterial endocarditis in human beings 

Pasteiaella Infectious — Ewing and Fox report the presence in 
Iowa, Minnesota, Illinois and Ohio of Xenopsylla cheopis, the oriental 
rat flea capable of tiansmitting plague A small epidemic of pneumonic 
plague broke out m Ecuador in Januai}' 1939 

Jelhson calls attention to the importance of flesh-eating birds as 
disseminators of plague Predatoiy buds often carry flea-bearing 
carcasses of small animals great distances and may serve as accidental 
hosts to fleas of rodents which transmit plague Casts of birds fed 
with plague-infected animal tissue weie consistently infectious 

Topping, Watts and Lillie’’' report the fiist case to be recorded 
in English or American literature of human infection with Pasteurella 
pseudotuberculosis rodentium, a bacterium associated with disease in 
animals, particulaily lodents The germ belongs to the Pasteurella 
group and is closely related to Pasteuiella pestis of plague and to 
Pasteurella tularensis, as I pointed out in 1931 Unfortunately, the 
confusing term “pseudotuberculosis” was given to the disease It has 
no relation to tuberculosis oi to Besniei-Boeck disease or to many other 
conditions which have been called pseudotuberculosis only because of 
the presence of minute granulomatous lesions Plette in Holland 
described a case of pasteurellosis but failed to classify it further 

BACILLARV DISEASES 

Undiilant Fez'ei — The cause of the seiious epidemic of undulant 
fever which broke out among students in East Lansing, Mich 
was traced to defective plumbing and a faulty sterilizer in the bac- 
teriologic laboratory Back-siphonage of incompletely sterilized 
waste caused the distribution of contaminated A\ater in the build- 
ing The situation is reminiscent of the outbreak of amebic dysentery 
m Chicago as a result of similar defects of plumbing 

135 Ewing, H E , and Fox, I Occurrence of the Oriental Rat Flea in the 
Interior of the United States, Science 88 427 (Nov 4) 1938 

136 Jelhson, W L Sylvatic Plague Studies of Predatory and Scavenger 
Birds in Relation to Its Epiderniolog 3 % Pub Health Rep Si 792-798 (May 12) 
1939 

137 Topping, N H , Watts, C E , and Lillie, R D A Case of Human 
Infection with B Pseudotuberculosis Rodentium, Pub Health Rep 53 1340-1352 
(Aug 5) 1938 

138 Plette, J G Pasteurellose bij den mensch, Nederl tijdschr v geneesk 
82 6106-6110 (Dec 24) 1938 

139 Medical News, JAMA 112 653 (Feb 18) 1939 
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According to Evans, Robinson and Baumgartner,^'^® at the National 
Institute of Health, no single test other than the isolation of Brucella 
fiom the patient can be relied on with certainty for diagnosis The 
blood of 4 of 7 patients from which Brucella was isolated gave a nega- 
tive agglutination reaction A negative agglutination leaction cannot 
be regarded as evidence against infection, but a positive reaction indi- 
cates the presence of latent or active infection A positive skin test is 
less reliable than a positive agglutination lest, and the opsonocytophagic 
test is least reliable of all All three tests gave negative results m 3 
proved cases of brucelliasis Calder, Steen and Baker point out the 
constancy of the normal or low leukocyte count and of active lympho- 
cytosis m brucelliasis In my experience, the low leukocyte count and 
relative or absolute lymphocytosis were the most constant of various 
laboratory observations among 30 patients with the disease 

Tttberciilosis — The controversy conceining the value or the harm 
of hypersensitivity m tuberculosis is still unsettled Different inves- 
tigators, using different methods, come to opposite conclusions Foi 
example, Willis and his group find that desensitized guinea pigs 
have extensive infections Animals never permitted to become allergic 
die from tuberculosis before the control animals According to Freund 
and Opie,’^^ animals sensitized and immunized are more resistant to 
infection, but there is no correlation between the intensity of sensitiza- 
tion or the titei of antibodies and resistance to infection Folks, 
on the other hand, shows that animals infected with tubercle bacilli 
and prevented from becoming hypersensitive show less caseation than 
animals that become hypersensitive Corper and Cohn point out 
the striking difference between the specific immune and the accompany- 

140 Evans, A C , Robinson, F H , and Baumgartner, L Studies on Chronic 
Brucellosis IV An Evaluation of the Diagnostic Laboratory Tests, Pub Health 
Rep 53 1507-1525 (Aug 26) 1938 

141 Calder, R M , Steen, C, and Baker, L Blood Studies m Brucellosis, 
JAMA 112 1893-1898 (May 13) 1939 Monger, M, and Huddleson, T F 
A Preliminary Report of the Blood Picture in Brucellosis, J Lab & Clin Med 
24 617-619 (March) 1939 Schmid, N Blood and Bone Marrow in Bang’s 
Disease (Brucella Abortus Infection), Schweiz med Wchnschr 69 191-192 
(March 4) 1939 

142 Willis, H S , Woodruff, C E , Kelly, R G , and Voldnck, M Allergic 
and Desensitized Guinea Pigs, Am Rev Tuberc 38 10-26 (July) 1938 

143 Freund, J , and Opie, E L Sensitization and Antibody Formation with 
Increased Resistance to Tuberculous Infection Induced by Heat Killed Tubercle 
Bacilli, J Exper Med 68 273-298 (Aug ) 1938 
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mg allergic features of tuberculosis, the former giving protection and 
the latter giving a pecuhai form of intoxication 

Feldman and Baggenstoss examined encapsulated, caseous or 
calcified areas in the pulmonaiy tissues or tracheobronchial lymph nodes 
from 68 patients who died fiom causes othei than tuberculosis 
Tubercle bacilli weie found in only a single instance The authors 
believe that the “primaiy complex” in most cases of healed tuberculosis 
m adults seldom contains viable tubercle bacilli and that endogenous 
mfection is unlikely to occui from old capsulated or calcified areas 

Seibert, Pedeisen and Tisehus’^*" applied the Svedberg ultra- 
centrifuge m studies on the chemical and physical nature of tuberculin 

McKinney and Mellon report derivation of the mucoid (M) 
phase of Mycobacterium tuberculosis (H-37) in cultures m alkaline 
neopeptone glycerol broth 

Myers defends his methods of detecting tuberculosis against the 
unfavorable views of Lumsden The tubeicuhn test, when perfoimed 
properly, is of great assistance in recognizing this disease Unfortu- 
nately, like other tests applied to the skin, it is occasionally unreliable, 
but the number of cases m which it fails to indicate tuberculosis is 
insignificant as compared with the number in which it is positive 
Roentgenogiams, he points out, are highly umeliable in making an 
etiologic diagnosis It is impossible to differentiate shadows cast by 
bone, calcium and dense fibrous tissue, i espectively, and other condi- 
tions besides tuberculosis may cause calcification in the lungs, about 
12 per cent of tubeiculous aieas may be obscuied by the heart, dia- 
phragm and other opaque parts , early tubei culous lesions may be micro- 
scopic m size, and a number of other possibilities make up an 80 per 
cent handicap for loentgenogiaphic examination as a method of diag- 
nosis 

Myer’s views concerning the shoitcommgs of roentgenographic 
diagnosis could, 1 believe, be extended to other fields As I stated at 
the May 1938 meeting of the Ameiican Medical Association, roent- 
genologists often exceed their limitations when they report as an 
‘abscess” an area of larefaction about the loot of a tooth or as 

146 Feldman, W H , and Baggenstoss, A H The Residual InfectiviU 
of the Primary Complex of Tuberculosis, Am J Path 14 473-490 (July) 1938 
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“sinusitis” a cloudiness of one or moie of the nasal accessory sinuses 
It IS impossible on the basis of rarefaction or shadows without clinical 
symptoms or signs to deteimine the presence or absence of infection 
with certainty, and many unnecessaiy operations, I believe, have been 
performed on such weak evidence A diagnosis should be arrived at 
only aftei complete study with all the means available, of which roent- 
genogiaphy is only one, but a Aaluable one when properly used 

Baalim y Dysentei y — Brown and Bargen studied 140 patients 
who had had bacillar}^ dysentery m an epidemic sixteen years ago to 
find whether ulcerative colitis was a common sequel Of the patients 
who could be tiaced, 77 had not had any symptoms of bowel trouble 
since their attack, and only 1 had chronic ulcerative colitis, although 
45 still had Shiga dysentery bacilli m the stool The evidence does 
not favor the view that acute bacillary dysentery is a common precursor 
of chronic ulcerative colitis 

Schiff describes a few cases of infection among children in which 
a “new” type of so-called paiatyphoid bacilli, namely, “Salmonella 
Panama,” was isolated The “paratyphoid bacilli” commonly cause 
food poisoning The three mam types of this gioup of bacilli are 
Bacterium, or Salmonella, aertryke. Bacterium, or Salmonella, enteri- 
tidis and Bacterium, or Salmonella, suipestifer It appears that, as m 
the case of pneumococcus, many other types may exist, of which the 
type Panama may be one The bacillus was first isolated by Jordan 
from soldiers suffering from food poisoning in Panama and was identi- 
fied by Kauffmann m Copenhagen 

Felsen and Osofsky suggest that acidity of the stomach is an 
effective barriei against infections with dysenteiy bacilli Filtered 
gastric juice oi pu S 5 or less is bactericidal foi Duval-Sonne dysentery 
bacilli 

Note IS made of the relative absence of acute amebic dysentery in 
persons unusually exposed to infection It is probable that some degree 
of immunity may be acquired as a result of repeated exposure to amebic 
infection or that various strains of Endanioeba histolytica dififer in their 
invasiveness 

150 Brown, P W, and Bargen, J A Bacillary Dysentery Late Results 
and Relationship to Chronic Ulcerative Colitis, Am J Digest Dis 5 562-565 
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151 Schiff, F Salmonella Panama Occurrence in Serious Infections of 
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Tetanus — Extensive lesearch on tetanus by Abel and his asso- 
ciates duiing the past few j'ears led to the impression that the 
incidents which occurred duiing the first few hours after infection 
detei mined whether the disease would end m death or recovery From 
animal experiments it seemed that no amount of antitoxin injected after 
the toxin once became fixed to nerve tissue would be of any avail in 
preventing death Because of subsequent experiments made before 
Abel's death, this view had to be modified Although large amounts 
of antitoxin will not save an animal given a lethal injection of toxin 
if the delay is too long or if S3nnptoms of descending tetanus have 
begun, It IS still obligatory foi physicians to use antitetanic serum in 
accoi dance with piesent usage In dealing with tetanus m man as 
compared with experimentally infected animals none of the factors are 
under control, and there is no way of learning whether a lethal dose of 
toxin has been fixed or not It is not known how lapidly or how long 
toxin IS formed at the site of infection Contrary to general behef,^®^“ 
the timely injection of a large amount of antitetanic serum neutralizes 
fixed toxin and pi events it from exerting its usual fatal action In 
animals, after injection of from 3 to 10 lethal doses of toxin the period 
in which neutralization of toxin and saving of life may be accomplished 
lasts from forty to twenty-four hours, depending on the amount of 
toxin injected In all cases, however, antitoxin given aftei the period 
of incubation has merged into the period of onset of symptoms fails 
to save life Antitetanic serum is therefoie not entirely devoid of cura- 
tive properties, provided it is given in large amounts as soon as possible 
after infection 

Another interesting feature is that biologic assays made of spinal 
cords after they have “fixed” the toxin give no indication of its 
presence, suggesting that it has been chemically bound, changed or 
denatured Abel defends his theoiy against Doeir’s criticism 
and shows beyond doubt that tetanus toxin is carried to the central 
neuions by way of the blood stieam and not b)’’ way of the axis- 
cyhndeis of motor nerves 

153 (a) Abel, J J , Hampil, B , Jonas, A F , Jr , and Chalian, W 
Researches in Tetanus VII (1) The Time Required for the Fixation of a Fatal 
Quantity of Tetanus Toxin, (2) The Return Passage of Toxin by Waj' of the 
Lymphatic Capillaries to the Cardiovascular System , (3) The Return Passage 
as the Basis of a Method for the Approximate Determination of the Volume 
of Lymph in the Closed Lymphatic System, Bull Johns Hopkins Hosp 62 522- 
563 (May) 1938 (b) Abel, J J , Firor, W M, and Chalian, W Researches 

on Tetanus VIII At What Point in the Course of Tetanus Does Antitetanic 
Serum Fail to Save Life? ibid 62 610-633 (June) 1938, (c) IX Further Evidence 
to Show that Tetanus Toxin Is Not Carried to Central Neurons by Way of the 
Axis Cylinders of Motor Nerves, ibid 63 373-403 (Dec ) 1938 
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Hertz reports 3 cases of failure of tetanus antitoxin used piophy- 
lactically to save life In another case tetanus bacilli were found in a 
scar ten years after an attack of the disease 

COCCAL DISEASES 

Subacute Bacteiial Endocai dtUs — Poston and Orgain were 
unable to demonstiate any significant specific serologic evidence of 
immunity in patients duiing the active bacteremic stage of any type of 
endocarditis, including that caused by Streptococcus vindans Immune 
bodies developed coincidentally with the disappearance of bacteremia 
Their work has raised the peienmal question as to the actual relation 
of streptococci to the disease Despite the frequent association of Str 
vindans with the disease, numeious observers, including myself, have 
suspected that some other agent ma}’’ be the underlying cause, the 
streptococcus being a secondary invader Str vindans has not yet 
been conclusively shown to be a primary cause of any disease Its 
mere presence in a diseased area does not prove its pathogenicity 

According to Moran,^®^ the physiologic and fermentative reactions 
of streptococci from 20 patients with endocarditis permit their classi- 
fication as members of the group of “salivary” streptococci oi entero- 
cocci This suggests that the streptococci concerned came from an 
endogenous source — somewhere m the respiratory tract or gastro- 
intestinal tract 

Staphylococcus Osteomyelitis — Thompson and Dubos succeeded 
in causing osteomyelitis in labbits by injecting a culture of a Staphy- 
lococcus intravenously When large amounts of culture were injected, 
infection was apt to be fulminating and to end in early death The 
injection of small amounts in normal rabbits or of large amounts in 
rabbits previously immunized was followed by a more chronic type of 
infection Of 31 rabbits studied, a prolonged illness of one to three 
weeks was established m 22, and in 18 of these osteomyelitis developed 
There was a predilection of the bacteria for the metaphyses of the long 

154 Hertz, J Failure of Tetanus Prophylaxis, Ugesk f Ijeger 100 871-877 
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158 Thompson, R H S , and Dubos, R J Production of Experimental 
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bones, similar to that which is commonly observed m children Multiple 
abscesses of the kidneys were present m most of the animals 

Meningitis — Cowan, studied bacteria isolated from cerebral infec- 
tions m 5 patients on whom operations were performed Atypical 
gram-positive or gram-negative bacilli and a gram-negative capsulated 
coccus were recovered These bacteria would ordinarily be regarded 
as sapi oph 3 des or contaminants, but he believes that they actually caused 
infection of the brain because of their placement in sites ordinarily 
never exposed to bacteria The coccus which was isolated was thought 
to be the same as Diplococcus mucosus of von Lmgelsheim It has 
certain resemblances to at 3 pical gram-negative cocci which Kouck 3 and 
I obtained from a patient with meningitis 

OTHER DISEASES 

Infections Diseases of the Gastrointestinal Tiact of Unknozvn 

01 igin — Boardman reports a fairly widespread outbreak of acute 
gastroenteritis m San Francisco The disease was chaiactenzed b 3 an 
acute and sudden onset of nausea, abdominal ciamps, watery diairhea, 
sometimes vomiting, slight headache, general aching, dizziness and 
fever occasional^ as high as 40 C ( 104 F ) In some cases there was 
evidence of an infection of the upper portions of the respiratory tract 
a da 3 or two before the onset of general symptoms The leukocyte 
counts varied from 10,100 to 20,000 Bacilli of the typhoid-dysentery 
group were isolated from 10 of 28 patients, but Boardman does not 
feel convinced of their etiologic significance He calls attention to 
the frequency of similar outbreaks of gastrointestinal disease m sporadic 
or epidemic form elsewhere and suggests that defective plumbing may 
be responsible for its spread He suggests that the infection may be 
caused by a filtrable virus, which may also be carried m the secretions 
of the nose and throat A similar disease was described b 3 ’’ Spencer 
m 1930 and by Willman m 1933, and one occurred m Chautauqua 
Count 3 ’-, N Y , in March 1939 

A supposedly "new” disease, called epidemic nausea and vomiting, 
has been noted in Europe since 1935 It may be the same as that 
recorded by Boardman and others The illness is mild, seldom lasts 
longer than fort 3 '^-eigbt hours and is characterized by nausea, vomiting, 

159 Cowan, S T Unusual Infections Following Cerebral Operations, Lancet 
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giddiness, slight fevei and diarrhea Such epidemic illnesses aie pei- 
haps veiy common but because of their mildness and brief duiation 
are seldom studied carefully or aie mistaken for bacillary dysentery 
or food poisoning 

A mild epidemic disease called vesicular pharyngitis and stomatitis 
affected 106 peisons in a boys’ camp Vesicles of the faucial pillais, 
soft palate and tonsillar tissue and fevei weie the chief signs, and head- 
ache, malaise and sore tin oat were the chief symptoms On clinical 
evidence alone it was suggested that the disease was of herpetic oiigin 

Ulceiative Colitis — ^Three papers on ulcerative colitis leave one 
with a lathei pessimistic attitude as far as knowledge of the cause of 
the disease oi successful management or prevention of it is concerned 
Mackie did not observe much, if any, benefit after the use of vac- 
cines, antiserums, bacteriophage or suigical procedures Jones 
IS not enthusiastic about suigical treatment except when only the left 
half of the colon is diseased Willard and his associates find that 
no single therapeutic measuie produces striking results and that often 
the entire aimamentarium fails to influence the course In then expeii- 
ence surgical intervention was accompanied by a death late of 73 per 
cent 

In a discussion of these three papeis Bloomfield points out an 
mteiesting analogy of ulceiative colitis with several other diseases of 
a semiinflanimatory-semidegeneiative natuie, namely, iritis, choroiditis, 
arthritis and hepatitis, m the study of which little oi no progress in 
knowledge has been made Aaron, discussing the striking effects 
claimed to occui aftei hvei preparations have been given to patients, 
stated that this treatment merely coriects the dietary deficiency which 
may follow injudicious restiiction of food 

Acute Rheumatic Fevei — Many papers on iheumatism and arthiitis 
weie discussed by Hench and his associates'®'^ in their fifth annual 
review of rheumatism and need not be referred to again here 

163 Levine, H D , Hoerr, S 0 , and Allanson, J C Vesicular Pharyngitis 
and Stomatitis An Unusual Epidemic of Possible Herpetic Origin, JAMA 
112 2020-2022 (May 20) 1939 

164 (a) Mackie, T T The Medical Management of Chronic Ulcerative 

Colitis, J A M A 111 2071-2076 (Dec 3) 1938 (6) Jones, T E The Sur- 
gical Treatment of Ulcerative Colitis, ibid 111 2076-2078 (Dec 3) 1938 (c) 

Willard, J H , Pessel, J F , Hundley, J W, and Bockus, H L The Prognosis 
of Ulcerative Colitis, ibid 111 2078-2084 (Dec 3) 1938 

165 Hench, P S , Bauer, W , Dawson, M H , Hall, F , Holbrook, W P , 
and Key, J A The Problem of Rheumatism and Arthritis Review of American 
and English Literature for 1937, Ann Int Med 12 1005-1104 (Jan ) , 1295-1374 
(Feb) 1939 
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Eagles and his associates weie unable to show that the virus-hke 
bodies suspected of causing rheumatic fevei were pathogenic for ani- 
mals Keil made a critical review of papeis pertaining to the 
subcutaneous nodule of rheumatism He believes, as I do, that although 
the lesions m acute rheumatic fever may resemble histologically those 
found in iheuinatoid arthiitis, they need not be consideied identical 
It seems unsafe to establish the etiologic identity of two diseases on the 
basis of histologic changes when the clinical diffeiences aie usually 
so distinctive 

Salvesen found nephntis to follow acute rheumatic fever in 4 7 
per cent of 212 cases He describes m detail 6 cases in which nephritis 
supposedly was the lesult of iheumatic fever 

Rheumatic peiicaiditis was found to be fai less seiious than iheu- 
matic valvulitis 

Swift and Blown intioduced exudates fioin patients with iheu- 
matic fevei onto choiioallantoic membranes, intianasally into mice and 
intiaoculaily into labbits Chaiacteiistic lesions developed in mice as 
pneumonia and m rabbits as iritis From these lesions a filtrable oigan- 
ism was obtained which pioduced a pleui opneumonia-hke illness in ani- 
mals Similai mateiial obtained fiom nomheumatic patients failed to 
cause lesions oi to show any unusual oiganisms The etiologic signifi- 
cance of this discoveiy in respect to the cause of rheumatic fever is undei 
study 

Malaria — Investigatoi s in the Southein States are finding an acri- 
dine deiivative (atabiine) of value m the control of malaiia’-’^^ Cures 
in 90 pel cent of the patients are claimed One study showed the 

166 Eagles, G H , Evans, P R , Fisher, A G T , and Keith, J D Infection 
Experiments with Virus-Iike Bodies from Rheumatism, J Path & Bact 46 481- 
495 (May) 1938 

167 Keil, H Rheumatic Subcutaneous Nodules and Simulating Lesions, 
Medicine 17 261-380 (Sept ) 1938 

168 Salvesen, H A Rheumatic Fever and Nephritis, Acta med Scandmav 
96 304-314 (Sept 3) 1938 

169 Massie, E , and Levine, S A The Prognosis and Subsequent Develop- 
ments in Acute Rheumatic Pericarditis, JAMA 112 1219-1223 (April 1) 
1939 

170 Swift, H F , and Brown, T M Pathogenic Pleuropneumonia-like Micro- 
organisms from Acute Rheumatic Exudates and Tissues, Science 89 271-272 
(March 24) 1939 

171 Hill, R A, and Goodwin, M H Two Years’ Observation on the Use 
of Atabrme as Prophylactic Agent in Malaria, Am J Trop Med 18 339-346 
(July) 1938 Holton, C F, and Winchester, M E Use of Atabrme m the 
Treatment and Control of Malaria Among a Group of Industrial and Agricultural 
Employees in Georgia, J M A Georgia 27 299-303 (Aug) 1938 Gill, D G, 
and Smith, M Atabrme as Malaiial Proplndactic Agent Experiment with Di ug 
in a Region in Central Alabama, J M A Alabama 8 66-67 (Aug ) 1938 
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blood paiasite mdex i educed from 169 to 0 3 per cent after two years 
of prophylaxis with this drug Pioske and Watson have devised a 
test foi malaiia based on a piotein tyrosine reaction of the serum The 
test is based on the chromogenic pioperty of the piotein, which can 
be measured against the color given by tyiosine in the piesence of a 
phenol leagent The tyiosme index for euglobulm in normal blood 
seium lests between 50 and 80 while that of serum fioni patients with 
malaiia is inci eased fiom 80 to 280 or moie The test is not strictly 
specific foi malaiia, but a positive leaction is present in so maii}^ cases 
of this infection as to make it a valuable diagnostic aid 

Kitchen, Webb and Kupper^''^ studied the effect of malaria on 
the development of the AVasseimann leaction in nonsyphihtic patients 
Positive reactions were obtained in eveiy case The reaction developed 
usually 111 the thud and fourth week aftei infection and lasted moie 
than thiee to foui weeks in nearly half the patients studied 

When Plasmodium vivax and Plasmodium malanae weie inoculated 
together for the treatment of dementia paialytica in 16 patients, both 
types of paiasites weie found in the blood, but soon one or the other 
become dominant P vivax was usually more successful in suiviving 
The authois suggest that in many more cases of naturally acquiied 
disease than is believed the infection is of the mixed type 

Yellow Fevei — Two varieties of mosquitoes besides Aedes aeg 3 'pti 
may transmit jungle yellow fever New Jeisey mosquitoes were 
also found to be capable of transmitting the disease to monkeys 
Because of lapid tiansportation by air from South America, the 
diiector of health in Miami, Fla, has ordered all persons who have 
been in areas that aie actually or potentially centeis of yellow fever 
to repoit within twenty-foui houis after arrival and be kept undei sui- 
veillance for six days In one study, however, no live mosquitoes 

172 Proske, H 0 , and Watson, R B The Protein Tyiosm Reaction A 
Biochemical Diagnostic Test for Malaria, Pub Health Rep 54 158-172 (Feb 3) 
1939 

173 Kitchen, S F , Webb, E L, and Kupper, W H The Influence of 
Malarial Infections on the Wassermann and Kahn Reactions, JAMA 112 
1443-1449 (April IS) 1939 

174 Mayne, B , and Young, M D Antagonism Between Species of Malaria 
Parasites in Induced Mixed Infections, Pub Health Rep 53.1289-1291 (July 29) 
1938 

175 Shannon, R C , Whitman, L, and Franca, M Yellow Fe\er A/’irus in 
Jungle Mosquitoes, Science 88 110-111 (July 29) 1938 

176 Bennett, B L , Baker, F C, and Sellards, A W The Behavior of the 
Virus of Yellow Fever in the Mosquito, Aedes Trisenatus, Science 88 410-411 
(Oct 28) 1938 

177 Miami Health Officer Acts to Pre\ent the Introduction of Yellow Fe\er. 
Pub Health Rep 53 1621 (Sept 9) 1938 
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of the species Aedes aegypti weie found on incoming aircraft in 1938, 
but several othei vai leties, both alive and dead, were 

The Rockefellei Foundation/"® in cooperation with the Brazilian 
government, has vaccinated over 1,0CX3,000 persons against yellow 
fever Among those vaccinated, 8 contracted yellow fever, 6 of them 
within four days of vaccination Local physicians leported a sudden 
1 eduction m number of cases shortly after the mass vaccination 

Emmons obsei ved a species of Actinomyces m 37 per cent of 
200 pairs of tonsils removed from patients for other leasons It seems 
probable that these fungi are commonly present m normal mouths and 
throats 

McMaster and Gilfillan repoit 24 cases of osteomyelitis caused 
by Coccidioides 

Pons and Juhanelle isolated Listerella monocytogenes from the 
blood of a patient with infectious mononucleosis The bacterium when 
injected into rabbits caused charactei istic lymphocytic-monocytic 
changes Schultz, Terry and Biice^®® suggest that Listerella mono- 
cytogenes may be a cause of meningoencephalitis m man It must be 
decided, of course, whether this bacterium w'as the cause of the con- 
ditions in patients from wdiom it w'as recoveied or whether it was 
merely a saprophyte 

MISCELLANEOUS STUDIES 

Diesel apparently caused transformation m the test tube of non- 
pathogenic Bacteiium typhi flavum into virulent typhoid bacilli The 
interpretation of his w'ork as type transformation has support m obser- 
vations reported m 1938 m which similar changes from chromogenic 
bacteria to nonchromogenic ones w'eie leported^®® In a similar vein, 

178 Welch, E V Insects Found on Aircraft at Miami, Fla , in 1938, Pub 
Health Rep 54 561-566 (April 7) 1939 

179 Fosdick, R B The Rockefeller Foundation A Review for 1938, Nev/ 
York, The Rockefeller Foundation, 1939, p 12 

180 Emmons, C W The Isolahon of Actinomyces Bovis from Tonsillar 
Granules, Pub Health Rep 53 1967-1975 (Nov 4) 1938 

181 McAIaster, P E , and Gilfillan, C Coccidioidal Osteomyelitis, JAMA 
112 1233-1237 (April 1) 1937 

182 Pons, C A , and Juhanelle, L A Isolation of Listerella Monocytogenes 
from Infectious Mononucleosis, Proc Soc Exper Biol & Med 40 360-361 
(March) 1939 

183 Schultz, E W , Terry, M C , Brice, A T, Jr, and Gebhardt, L P 
Listerella Monocytogenes A Cause of Meningoencephalitis in Man, Proc Soc 
Exper Biol & Med 38 605-608 (June) 1938 

184 Dresel, E G, and Graf, W Neue Ergebnisse uber das Bact typhi 
flavum, Arch f Hyg 119 153-167, 1937 

185 Reimann, H A The Significance of Bacterial Type Transformation in 
Infectious Disease and Epidemiology, Tr A Am Physicians 53 270-273, 1938 
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Horgan leports the transformation of variola to vaccinia viius by 
passage of the former intratesticularly m rabbits Findlay and Mac- 
Callum report further studies on the transfoimation of a neurotiopic 
stiaiii of yellow fever viius into a pantiopic one Each of these obser- 
vations suggests that type tiansfoimation may be a natural phenomenon 
among bacteria and viruses 

Cold Vaccines — The study of Diehl and his associates^®® on the 
use of vaccines in the pievention oi the treatment of colds is of great 
value in combating many claims by commercial concerns which sell the 
so-called “cold vaccines ” In carefully controlled work it was shown 
that vaccines taken orally were of no value whatever, vaccines injected 
subcutaneously seemed to reduce the incidence of colds about 25 per 
cent, which is not sufficiently great to justify the time and expense of 
vaccination There was no evidence that vaccines reduce the incidence 
of complications of colds The results of others are in agreement 

Similar conclusions w^ere made by Bock,^°° who studied 1,667 cases 
of acute infection of the respiratory tract In his cases fatigue of body 
and mind was an important factor m precipitating such infections He 
advises against the use of eneigetic local treatment, which may aggiavate 
and prolong the illness 

Jefferson Hospital 


^ 186 Horgan, E S The Experimental Transformation of Variola to Vaccinia, 

J Hyg 38 702-715, 1938 

187 Findlay, G M , and MacCallum, F O Spontaneous Variation in the 
Neurotropic Strain of Yellow Fever Virus, Brit T Exper Path 19 367-442 
(Dec) 1938 

188 Diehl, H S , Baker, A B , and Cowan, D W Cold Vaccines An 
Evaluation Based on a Controlled Study, JAMA 111 1168-1173 (Sept 24) 
1938 

189 Hauser, I J , and Hauser, M J Controlled Study of “Cold Vaccines,” 
Arch Otolaryng 29 704-719 (April) 1939 

190 Bock, A V Clinical Observations, Complications and Treatment of 
Acute Upper Respiratory Tract Infections, Ann Int Med 12 317-322 (Sent) 
1938 
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Rheumatische Kreislaufschadigungen By Dr Siegfried Dietrich Price, 

6 75 marks, unbound Pp 204 Dresden Theodor Steinkopff, 1938 

This volume is the seventh of a senes dealing with the problem of rheumatism 
recently published in Germany under the editorship of Prof Rudolph Jurgens 
The appearance of the series, according to the editor, is a response to recent 
recognition among both political and medical circles in the German Reich of the 
enormous sociologic problem arising from rheumatic diseases Each volume is 
intended to present to the practitioner a single facet of this problem in a unified 
manner 

The book is a reasonably thorough review of well grounded and generally 
accepted data with regard to the rheumatic state, and the author has included a 
presentation of much important recent literature dealing with studies of etiologic 
kctors, histopathologic picture, natural history of the disease, modern diagnostic 
methods and recent views on drug therapy A carefully compiled bibliography 
increases the value of the book as a reference tool 

The author has forcefully indicated how preoccupation with isolated features 
of rheumatic fever, such as chorea, acute arthritis or physical signs of chronic 
valvular disease, may detract from appreciation of the nature of the diffuse process 
which constitutes the rheumatic state The great importance of the myocardial 
lesion IS well stressed The early clinical phenomena of rheumatic fever are caie- 
fully described in an effort to encourage earlier recognition and more adequate 
early treatment Lengthy discussions of the end product of rheumatic fever, the 
failing heart resulting from mechanical impediments of deformed valves, are 
avoided 

Although the subject matter is generally treated objectively, the author appears 
to be personally committed on several points in which he is probably in error , 
Thus, Dietrich has accepted the existence of a chronic inflammatory disease of 
the heart arising from focal infection, citing the literature which is said to establish 
the pathologic and clinical features of this disease, tuberculous rheumatoid arthritis 
is considered by him to be an established entity which must be included in differ- 
ential diagnosis of rheumatic fever , he believes that chronic progressive deforming 
arthritis may at times be due to rheumatic fever , a specific disease of the coronary 
arteries due to rheumatic fever and leading to infarction of the heart is likewise 
discussed in the text In the sections concerned with prevention the author urges 
a rigorous life filled with exercise calculated to harden the bodj’’, and even active 
army service or “work-service” is said to be useful for preventing rheumatic fever 
The importance of better housing, sanitation, warmth and sufficient food does not 
appear to be adequately stressed 

The book is, nevertheless, a rather consci vative presentation of current knowl- 
edge concerning rheumatic fever It is clear and thorough and as a source of 
information on this disease is fairly complete 

Malignant Tumors o£ the Skeletal Muscles, Fasciae, Joint Capsules, 
Tendon Sheaths and Serous Bursa Acta radiologica. Supplement 36 
By Gunnar Jonsson Pp 304, with 20 illustrations Stockholm P A 
Norstedt & Son, 1938 

This treatise reviews in a concise and well presented manner the material at 
Radiumhemmet, the literature and a historical sketch of the present knowledge 
concerning malignant tumors of muscle and fascial sheaths as well as those of 
joint capsules, tendon sheaths and serous bursae The author has clearly demon- 
strated the inadequacies of a histologic classification of such tumors and has 
emphasized that in spite of existing hiatuses in the knowledge, a histogenetic 
classification together with topographic considerations lends itself to greater 
accuracy in foretelling the behavior of a given tumor in selecting the most appro- 
priate type of therapy and m establishing an intelligent prognosis Dr Jonsson’s 
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historical sketches do much to elucidate the existing chaos of nomenclature 
Excellent series of case histones supplemented by numerous photomicrographs 
illustrate the various types of tumor 

The analysis of the material at Radiumhemmet, though not extensive enough 
for statistical study, is of interest This material was divided into two mam 
groups (a) malignant muscular and fascial tumors and (b) malignant synovial 
tumors The malignant muscular and fascial tumors showed the following his- 
tologic types rhabdomyosai coma, spindle cell sarcoma, fibrosarcoma, myxolipo- 
sarcoma and round cell sarcoma The malignant synovial tumors were divided 
into the two groups of synovialoma and synovial fibrosarcoma 

The lesults obtained from the author’s study are significant In a series of 
38 cases of rhabdomyosarcoma the tumor was characterized by a rapid course, 
early distant metastases and only slight radiosensitivity Fifteen cases of spindle 
cell sarcoma showed a slower course, no development distant metastases until 
relatively late and not infrequently a pronounced radiosensitivity As a whole, this 
group was moderately radiosensative In a series of 10 cases of fibrosarcoma the 
tumor showed slow growth and low degree of radiosensitivity, and it was not clear 
whether or not metastases ever occurred In this series the prognosis for the group 
was excellent, all the patients being alive and well up to the time of the report, 
the shortest interval being eighteen months 

Adventures in Respiration Modes of Asphyxiation and Methods of Resus- 
citation By Yandell Henderson Pp 316 Baltimore Williams & Wilkins 
Company, 1938 

In this interesting book the author traces the historic milestones leading to the 
present understanding of the physiology of respiration and discusses the value 
and rationale of using carbon dioxide in the treatment of various asphyxial states 
Arrangement of the subject matter in narrative form, as an adventure of the 
author in research over a period of years, endows facts and theories with charm 
and personal interest The first part of the book is devoted to a consideration of 
shock, the control of breathing and blood alkali and the “fallacy of asphyxial 
acidosis,’’ in which discussion the conception of “acarbia” as induced by “hyper- 
pnein’’ is suggested as a substitute for the theory of “acidosis” induced by lactic 
or other acid There are several chapters dealing with the physiologic basis of 
mountain sickness and acclimatization, carbon monoxide asphyxia and asphyxia 
of the newborn The therapeutic value and methods of administration of carbon 
dioxide in these conditions and in anesthesia, atelectasis and pneumonia are 
described in detail In a discussion of circulatory failure and asphyxia the author 
emphasizes the role of muscle tonus in the control of the circulation and postulates 
that a failure of muscle tonus may be a major cause of failure of the circulation 
Some of the theories championed remain controversial, but the facts of normal 
and disturbed respiration are clearly delineated, and the whole makes stimulating 
and enjoyable reading Evidence of the therapeutic efficacy of carbon dioxide is 
convincingly presented 

Las arritmias en clfmca By Dr Antonio Battro Pp 476, with 201 illustra- 
tions Buenos Aires El Ateneo, 1937 

Dr Battro has again scored by presenting an excellent book In this volume 
he has thoroughly gone into the subject of the arrhythmias from the diagnostic, 
prognostic and therapeutic standpoints The general anatomy of the heart and 
especially the blood supply is well illustiated His brief discussion of the physi- 
ology and the many graphic tracings are both timely and illustrative of the 
thoroughness with which the subject is presented 

Basically the book is divided into chapters dealing with the arrhythmias undei 
the following headings (1) chronotropic arrhythmia, (2) bathmotropic arrhythmia, 
(3) dromotropic arrhythmia, (4) fibrillation and flutter and (5) inotropic arrhythmia 
The bibliography is thorough, covering fifty pages, and includes a large per- 
centage of references to American authors 
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Medical Applications of the Short Wave Current By William Bierman, 
M D Including a discussion of the physical and technical aspects by Myron 
M Schwarzschild, MA Price, §5 Pp 379 Baltimore William Wood & 
Company, 1938 

The author presents m this volume the theoretic and practical principles of 
therapeutic application of the short wave current The text is divided into two 
parts Part I, consisting of five chapters, is devoted to fundamental considerations, 
and Part II, containing three chapters, to clinical considerations 

Chapter I is devoted to the history of the development of the short wave 
current and is concise and clear Chapter II, which deals with the physics of the 
short wave current, was written by a physicist familiar with the medical require- 
ments of short wave therapy This is a valuable contribution to the volume from 
the point of view of the average physician, as many of the mysteries of the mode 
of action of short wave therapy are cleared up 

The third chapter deals with the determination of temperature in the living 
human being The physiologic responses of the various organs and systems to 
local heat and local short wave currents are discussed in chapter IV The injurious 
effects of this form of therapy are covered in this chapter 

The fifth chapter, on the specificity of the short wave current, is of considerable 
interest While the author believes that the effects of short wave therapy are due 
solely to the production of heat, full consideration is given to the other theories, 
especially to that of specificity 

Chapter VI considers technic and methods of application of short wave therapy 
The directions given are clear and complete, and the various applicators employed 
are well illustrated and carefully described 

The clinical applications of this form of therapy in various clinical conditions 
are discussed in chapters VII and VIII The clinical results to be expected in 
each condition are also noted Due emphasis is devoted to those clinical conditions 
in which short wave therapy may prove of no value or mav be harmful The 
contraindications to the use of this therapy are considered at the end of this 
section 

A fairly complete bibliography and index are included, and this work should 
serve as a valuable reference to any one employing short wa\e therapy The 
illustrations are numerous and clear 


News and Comment 


Central Society for Clinical Research — The twelfth annual meeting of the 
Central Society for Clinical Research will be held in Chicago, with headquarters 
at the Drake Hotel, on Nov 3 and 4, 1939 Dr Walter H Nadler is president , 
Dr Charles A Doan, vice president, and Dr Lawrence D Thompson, secretarj"^- 
treasurer 
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RANGE OF NORMAL BLOOD PRESSURE 

A STATISTICAL AND CLINICAL STUDY OF 11,383 PERSONS 

SAMUEL C ROBINSON, MD 

AND 

' MARSHALL BRUCER 

CHICAGO 

The determination of blood pressure is the third most impoitant 
routine physiologic measurement that the modern physician uses with 
a fine degree of piecision While it does not carry an immediate puipoit 
in cases of acute illness as do the tempeiature and the pulse, yet for long 
range evaluation of the health of the aveiage person it is far moie 
significant No other commonly used test gives such quick and 
reasonably exact infoimation concerning life expectancy With added 
information deiived fiom the life history of the blood piessuie and fiom 
mortality data a physician should be able to forecast the longevity or 
the geneial pathologic tendencies of many of his patients 

Theie has been a tendency lately to belittle the taking of blood 
piessure, but with the generally accepted realization that at least one 
fifth of the population is hypertensive and bears the stigma of an 
ominous prognosis, the blood pressure becomes a phenomenon of great 
moment Heart disease accounts for more deaths in the United States 
than any othei two causes,’- and, as Cabot " stated “Hypei tension is 
moie common than all othei foims of heart disease put together ” This 

From the Department of Medicine, Woodlawn Hospital 

Read in part before the Chicago Society ot Internal Medicine, Feb 28, 1938 

The source material for this study -was gathered from records accumulated 
during the past ten years by the Life Extension Examiners, Chicago, the West 
Side Y W C A , Chicago , the Student Health Service of the University of 
Chicago, and the files of private practice The statistical labor was performed with 
the aid of the Works Pi ogress Administration 

1 (a) Dublin, L I , and Lotka, A J Length of Life A Study of the 

Life Table, New York, The Ronald Press Company, 1936 (b) White, P D 

Heart Disease, ed 2, New York, The Macmillan Company, 1937 

2 Cabot, R Heart and Diseases, New Y^'ork, W B Saunders Companv, 

1926 
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IS reflected in office practice, in which hypertension is the most common 
finding “ 

Not only is the incidence of hypertension in the civilized population 
extremely high, but the nature of its morbid process is more widespread 
and deeply rooted than is generally believed by the average practitioner 
or even by the specialist m disorders of the heart “Idiopathic” or 
“essential” hypertension, as is implied m its very definition, is supposed 
to be a syndrome unassociated with discoverable pathologic change 
Some look on “essential” hypertension as a vague disease of the 
peripheral vascular bed In reality it is a disease involving neaily all 
the viscera, especially the heait and kidneys “High blood piessure 
IS more frequently associated with beginning cardiovascular disease than 
any other discoverable sign,” stated Cook * M 3 ^ocardial failure in most 
cases IS due piimarily to hypertension ® Fahr concluded that “nearly 
three-fourths of all so-called chionic myocarditis is due to primary 
hypertension ” Levy ® stated that hj pertension is the most common 
single etiologic factor m coronal thrombosis Fahr concluded that 
coronar}'’ sclerosis is present m 90 pei cent of all patients who die of 
hypertension , similai ly. Bell " found association of coi onar} sclerosis 
with hypei tension m 75 pei cent of cases Roberts stated “The 
higher the tension the moie we find diseased hearts ” Hat ° stated that 
“the usual termination of high blood pressure is cardiac defeat ” 

3 (o) Foster, J H The Piactice of Medicine in China and New England 

\Mth Observations on H> pertension, New England J Med 203 1073, 1930 (&) 

Fisher, W E Hypotension, M J Australia 1 110, 1935 (c) Blackford, J M, 
and Wilkinson, J N Hj pertension, Ann Int Med 6 54, 1933 ((/) Lemann, 

I I Effect of a Long Continued Subtropical Summer on High Blood Pressure, 
Am J Trop Med 12 331, 1932 (c) Jane\^a^, T C A Clinical Study of 
Hypertensive Cardiovascular Disease, Arch Int Med 12 755 (Dec ) 1913 
(/) Alvarez, W C , Wulzen, R, and Mahone}", L J Blood Pressures in Fifteen 
Thousand University Freshmen, ibid 32 17 (July) 1923 

4 Cook, H W , in discussion on Clark, C P Theoretical Study of Blood 
Pressure and Its Relation to Heart Size, Body Surface Area and Metabolic Rate, 
Proc A Life Insur M Dir America 20 224, 1934 

5 (a) Fahr, G Heart in Hypertension, JAMA 105 1396 (Nov 2) 

1935 , (6) Hypertension Heart, Most Common Form of So-Called Chronic Myo- 
carditis, ibid 80 981 (April 7) 1923, (c) Hypertension Heart, Am J M Sc 
175 453, 1928 (d) Christian, H A Chronic Myocarditis, Tr A Am Physi- 

cians 33 67, 1918 ie) Janeway, T C Note on Blood Pressure Changes, Proc 
Soc Exper Biol & Med 6 109, 1909 (/) Rogers, O H , and Hunter, A Proc 
A Life Insur M Dir America 10 43, 1923 

6 Levy, R L Diseases of Coronary Arteries and Cardiac Pam, New York, 
The Macmillan Company, 1936 

7 Bell, E T Text Book of Patholog}', ed 3, Philadelphia, Lea &. Febiger, 

1938 

8 Roberts, SR A Study of H 3 'potension, J A M A 79 262 (July 22) 

1922 

9 Haj”^, J The Significance of a Raised Blood Pressure, Brit M J 2 43, 

1931 



ROBINSON-BRUCER— NORMAL BLOOD PRESSURE 


411 


That the kidneys are clinically associated with hypertension was 
known even before animal experimentation on the ischemic kidney 
Our own studies, to be published later, show this relation in respect 
to urinary findings It is thus seen that hypertension is inseparable 
from cardiac and renal disease In the light of these facts, “the control 
of h 3 ^pertension is one of the outstanding challenges of today 

While the cause, prevention and cure of disease are the ultimate 
justification for the study of any physiologic measurement, the workers 
in the laboratories of the basic medical sciences have yet another reason 
for coming to grips with the question of blood pressure In studying 
the range of normal human physiologic measurements, such as the basal 
metabolic rate, blood chemistry values or electrocardiographic records, 
selection of normal healthy persons is necessary Two criteria are used 
to select the “normal” healthy peison (1) his subjective state and 
(2) clinical measuiements such as determinations of the pulse rate, 
temperature and blood pressure The subjectively well state of a person, 
however, may be associated with morbidity, and one is often forced to 
fall back on simple clinical measurements It is imperative that the 
physician know the levels at which these measures denote sound health 
The importance of finally settling the question of normal blood pressure 
to help unravel the mystery of hypertension is of the gieatest moment, 
for the sake of conect understanding of normal physiology it is of 
equal importance 

It IS m point that many authoiities prefer not to commit themselves 
to definite levels of normal pressure, and some of those who do state 
normal levels show the uncertainty of their commitment by setting their 
lower limits of hypertension far above their own upper limits of normal 
pressure, thereby leaving a “no man’s range ” For example, Stieglitz 
stated ' “We may consider 140/90 mm as the maximum normal systolic 

10 Bell, E T , and Clawson, B J Primary (Essential) Hypertension A 
Study of Four Hundred and Twenty Cases, Arch Path 5 939 (June) 1928 
Moritz, A R Arteriolar Sclerosis in Hypertensive and Non-Hypertensive 
Individuals, Am J Path 13 679 , 1937 Riesman, D High Arterial Pressure, 
High Pressure Hypertrophy of the Heart, Am J M Sc 145 487, 1913 

11 Major, R W Chemical Factors Regulating Blood Pressure, Am J M 
Sc 183 81, 1932 

12 This may be pointedly illustrated by a recent electrocardiographic study 
of the fourth lead (Shapley, R A, and Hollaran, W R The Four Lead 
Electrocardiogram in Two Hundred Normal Men and Women, Am Heart J 
2 325, 1936), in which the selection of normal persons was partially based on a 
blood pressure range which, as the present study will show, extended into hyper- 
tensive levels Surely some of the subjects in that stud\ of the fourth lead 
were false “normals” 

13 Stieglitz, E J Abnormal Arterial Tension, New York, National Medical 
Book Company, 1935 
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pressure n respective of age, and a systolic pressure of 150 mm or 
more, diastolic of 95 mm or more, constitutes hypertension ” What 
status has the patient with a piessure of 146 systolic and 92 diastolic^ 
There are great confusion and uncertainty about this important physio- 
logic measurement There is a range of 40 mm between the lowest 
and the highest upper limit of noimal, which, of course, yields a poor 
definition The normal has nevei been clearly and convincingly defined 
Allen stated that “the normal blood pressure of the total population, 
for dififeient ages and sexes, is unknown” With this we agree 

We should like to discuss m some detail the factors which contribute 
to this unceitainty and discrepancy of authoritative opinion 

1 Theie are definite reasons for not accepting the levels obtained 
in the earlier work on blood pressure as normal physiologic levels Most 
of the pioneer studies of blood pressuie were done by and for insurance 
companies, and the tables are still accepted in all textbooks as the basis 
of blood pressuie levels Insurance statisticians did not set out to 
make contributions to human pl^siology , the} were interested in the 
range of blood pressure in which they could establish a profitable 
insurance premium Hunter,^® actual y of the New York Life Insuiance 
Compam, stated 

The investigations undertaken by the companies were primarily intended to 
assist them in determining which types of peisons [also which levels of pres- 
sure] could safely be accepted for insurance at the regular rates of premium, 
which types should be charged an extra premium, and which should be declined 
The purpose of the preparation of these statistics was not to excite public interest 
or curiositv', but for actual use in a great business 

2 Further, in medical leseaich and among clinicians who deal every 
day with high and low pressures, the viewpoint has been taken that “if 
a subjectively-well and objectively-robust individual has a slightly 
elevated blood pressure, then slightly elevated blood piessures must be 
normal ” Even today this type of reasoning is prevalent However, 

14 Poulton, E P , Symonds, C P , and others Teodor’s Practice of Medi 
cine, ed 15, Baltimore, William Wood & Companj", 1936 Osier, W The 
Principles and Practice of Medicine, ed 13, revised bv'' H A Christian, New 
York, D Appleton- Century Company Inc, 1938 lice, F Practice of Medi- 
cine, Hagerstown, Md, W F Prior Co, Inc, 1937 Cecil, R L A Textbook of 
Medicine, ed 4, Philadelphia, W B Saunders Company, 1937 Wetherb}’^, M 
Comparison of Blood Pressures in Men and Women, Ann Int Med 6 755, 1933 
Mosenthal, H O The Diagnosis and Treatment of Variations in Blood Pres- 
sure and Nephritis, in Christian, H A Oxford Monographs on Diagnosis and 
Treatment, New York, Oxford University Press, 1929, vol 7, p 6 

15 Allen, E V , m Musser, J H Internal Medicine, ed 3, Philadelphia, 
Lea & Febiger, 1938 

16 Hunter, A Can Insurance Experiences Be Applied to Lengthen Life^ 
Proc A Life Insur Pres 8 27, 1914 
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a study ovei a period of years of man} subjectively well and lobust 
persons with slightly elevated pressuies shows that they aie not normal 
This subject will be discussed in detail later 

3 All previous studies have included both noimal and hypertensive 
piessures, these were averaged to ariive at a “normal” reading It 
seems obvious that the abnormal blood pressures in the total population 
will distort the picture of the normal blood piessuie averages Some 
of the later workeis spoke of this danger, but no authoi has ever 
attempted actually to separate normal from abnormal blood piessure 
groups in the statistical treatment of his series 

4 After the grossly hypertensive peisons aie excluded and there 
remains a sample of presumably normal peisons, determination of the 
average — ^that most treacherous of statistical technics — is by no means 
the best statistical measuie The modal pressure would state more 
accuiately the most common blood piessure 

5 When blood pressure levels are read by physicians, especially m 
insurance examinations, there is a tendency for the physician to round 
out his figure to keep it within the acceptable levels set for that year 
In our own experience with the six physicians who have taken most 
of the records used in this study, it was noticed that as soon as pressures 
as low as 100 mm were accepted as noimal theie was an increased 
incidence of these low readings, and when further revision reduced 
the lower limit of normal systolic blood pressure to 90 mm still lower 
readings weie recorded This is not an evidence of intellectual dis- 
honesty , it means merely that few physicians will deny a person 
insurance because of a reading of 5 mm or so of mercury, nor in a 
routine periodic examination does a physician wish to excite the patient 
by the ominous words “low blood pressure” and the false pathologic 
implications they carry He gives the patient the benefit of the doubt 
and so forever lemoves from statistical tables readings that are peitment 
to the understanding of true normal blood piessure 

6 Another source of erior noted by practically all workeis is the 
tendency on the part of physicians to louiid out their manometei leadings 
to the nearest unit of 10 

7 The “noimal” is sometimes defined as the “most common”, how- 
ever, even the most common blood pressuie need not be a normal blood 
pressure, for purely statistical inteipretation does not necessarily leveal 
true physiologic levels To understand the real meaning of lascular 
tension one must augment statistical data with life histones of blood 
piessure and with mortality data 

8 Even aftei all these statistical and clinical precautions are taken, 
one IS not justified in assuming that the range of blood pressure so 
obtained is the true noimal physiologic measuie for the human being 
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It must be remembered that the studies are, m the mam, studies of 
confined, sedentaiy persons with faulty hygienic habits One must 
interpret such studies in terms of “noimal” living 

The interplay of all these errors, especially the inclusion of the 
abnoimally high readings of hypei tensive persons in values for the 
total groups studied, has resulted m blood piessuie levels that aie 
obviously too high Many clinicians with even a limited experience 
question these levels, and this has had its effect on studies of blood pres- 
sure in the last two decades A chronologic study of the outstanding 
contributions on blood pressure proves this In the last quarter of a 
century the level of normal pressures has been peisistently loweied 
This shift of leA^els was apparent twenty-five yeais ago and was 
recognized by Janeway Fifteen years ago it was mentioned by 
Alvarez®^ In the lecent liteiatuie occasional statements have appeared 
which fix normal blood pressure at levels which in 1910 would have 
been considered to indicate hypotension Is this declining standard due 
to a drop m the blood piessuie of normal peisons, oi are ideas concern- 
ing normal levels changing^ The collected data of various authors on 
blood pressuie measurements show the latter to be true, though the 
change in ideas is, to be sure, very slow Through years of application, 
the old formula “100 plus your age” has become a deeply rooted con- 
ception, so much so that even otherwise competent statistical research 
has been colored by this established idea 

17 (a) Woley, H P The Normal Variation of the Systolic Blood-Pressure 
A Study of One Thousand Cases, J A M A 55 121 (July 9) 1910 (Zi) l^ris, 
G W Blood Pressure, Philadelphia, Lea & Febiger, 1916 (c) Osborne, O T 
Disturbances of the Heart, ed 3, Chicago, American Medical Association Press, 
1925 (d) Granger, A S Present Conception of Essential Hypertension J A 

M A 93 819 (Sept 14) 1929 (e) Alyarez, W C, and Stanley, L L Blood 
Pressure in Six Thousand Prisoners and Four Hundred Prison Guards Statistical 
Analysis, Arch Int Med 46 17 (Juh ) 1930 (/) Fishberg, A M Hyper- 
tension and Nephritis, ed 3, Philadelphia, Lea & Febiger, 1934 (g) Huber, 
E G Systolic and Diastolic Blood Pressuie in Healthy Men, Human Biol 
5 542, 1933 (h) Wright, S Applied Physiology, London, Oxford Unwersity 

Press, 1934 (i) Mosenthal, H O Normal Blood Pressure, in Nelson Loose- 

Leaf Living Medicine, New York, Thomas Nelson &. Sons, 1931, vol 12, p 644 
(j) Dingman, H W Selection of Risks for Life Insurance, Health Insurance, 
Accident Insurance, Cincinnati, National Underwriter Co, 1935 (k) Corwin, 

J , and Herrick, W W Relation of Hy'pertensive Toxemia of Pregnancy to 
Chronic Cardiovascular Disease, J A M A 88 457 (Feb 12) 1927 (/) Mac- 

Kenzie, L F, and Wells, P V On The Interpretation of Blood Pressure, 
Proc A Life Insur M Dir America 19 89, 1932, New York, Press of Record- 
ing and Statistical Corporation, 1933 (m) Wiggers, C J Phy^siology in Health 

and Disease, Philadelphia, Lea & Febiger, 1934 (n) Dally, J F H High 

Blood Pressure, in Rolleston, H The British Ency^clopaedia of Medical Practice, 
London, Butterworth & Co, Ltd, 1936, y'ol 2, p 503 (o) Palmer, J H Blood 

Pressure in the Years Following Recovery from Coronary Thrombosis, Lancet 
1 735, 1937 
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Finally, no pievious study has incoiporated the continuous lecoids 
of blood pressure over long spans of time, noi have conclusions been 
checked with mortality data These two additional phases of analysis 
are indispensable to an intelligent understanding of the subject They 
add a dynamic intei pi etation to what has been thus far merely a static 
study 

STATISTICAL ANALYSIS OF THE TOTAL GROUP 

To anive at a better solution of the piobleni of the lange of normal 
blood piessure we undeitook an exhaustive statistical study of 7,478 
men and 3,405 women selected at random All lived in oi around 
Chicago and weie of that economic class which can aftord an insurance 
policy of $1,000 or moie The majority came foi a loutine periodic 
examination given giatis by then insurance company Most of the 
examinees had eithei no complaints or minoi ones 

In selection of any source mateiial for a study of normal blood pies- 
sure the sample should be truly i epresentative of the total population 
m respect to all variables (age, sex, height, weight and occupation) 
Given a representative sample, the physical examination must also be 
rigidly standardized Most samples hitherto studied have not met one oi 
anothei of these requirements Geneially, insuiance statistics have 
lepiesented examinations made under a variety of conditions^® Other 
studies have been made on select groups of army men, prisoners or 
students Some have even included patients in hospitals 

Our group, while based on accepted risks for life insurance 
companies, represents for the most part persons examined long after 
the original policy examination and, according to Dublin, of the Metro- 
politan Life Insurance Company, is therefore more generally in accord- 
ance with a random sample of the population In general, then, oui 
group comes close to being a typical portion of all age groups between 
20 and 70, includes both sexes and was taken under conditions of general 
health comparable to those of any random group m the total population 
It must be remembered, however that the group was composed for the 
most part of urban men and women who were relatively sedentary in 
then occupation and recreation 

18 Wright and his associates presented an illuminating description of the 
force of possible error in blood pressure readings by different physicians (Wright, 
I S , Schneider, R F, and Ungerleider, H E Factors of Error in Blood 
Pressure Readings Survey of Methods of Teaching and Interpretation, Am 
Heart J 16 469, 1938) See also Diehl, H S , and Lees, H D The Variability 
of Blood Pressure Study of Systolic Pressure at Five Minute Intervals, Arch 
Int Med 44 229 (Aug ) 1929 

19 Personal communication to the authors, Feb 9, 1937 

20 The thirty minute examinations of the persons included m our study were 
standardized as far as possible All blood pressure readings were taken with the 


(Footnote continued on ncAt page) 
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Foi 7,478 men the aiithmetic aveiage, or mean systolic blood pies- 
suie was found to be 121 mm About two thuds of the men had blood 
piessuies within a lange of 17 mm of the aveiage (designated as the 
standaid deviation of the mean) Generally, then, the blood pressuie 
of men langed fiom 104 to 138 mm In a similar sample of 3,405 
women the aveiage systolic pressuie was 117 ± 10 8 mm Hence, the 
systolic piessure of most women langed fiom 106 to 128 mm The 
aveiage diastolic pressure foi men was 74 4 mm, with a standard 
deviation of 10 5 mm The aveiage diastolic piessure foi women was 
71 ± 115 mm Foi the most pait, then, diastolic piessure foi men 
ranged fiom 64 to 85 mm , and for women, from 60 to 83 mm 

If one woiks only with a broad, unselected sample, it is better to 
deteimine where the values congiegate than to use aveiages To state 
it m statistical terms What is the modal pressuie of these gioups? 
Most of the values for men were congiegated around 115 mm s)'’stolic 
and 71 mm diastolic (table 1), and those for women weie most fre- 
quently grouped aiound 113 mm systolic and 70 mm diastolic We 
consider these modal piessuies more significant than the mean oi avei- 
age leadings which aie so geneially cited 

Almost two thuds of all blood piessuies weie below 125 systolic 
and 80 diastolic This is a moie impoitant statement than the modal oi 
aveiage figuie, because, as we shall show, the lowei levels aie highly 
desirable Compaiison of the mean and the modal systolic pressuie 
indicates stiongly that the abnormally high piessuies efiect a consider- 
able distoition of the average figure, the “average” theiefore, cannot 
lightly be intei preted as “normal” (chait 1) Because this distoition 
falls pimcipally m the uppei age groups, the false impression prevails 

subject sitting and on the left arm with a mercury manometer A total of six 
physicians made all of the examinations abstracted m the 10,883 cases of our 
total group study Most of the women were examined bv a woman physician 
Each physician was acquainted with the technic of the others, and in instances of 
interestingly high or low readings the physicians checked each other’s work In 
all cases of abnormally high or low readings a reading was repeated as a check 
at the end of the examination to discount emotional or transitory rises, the lowest 
readings being recorded In some cases three or more readings were necessary 
The auscultatory method, with Bowles’s bell diaphragm stethoscope, was used 
throughout, though occasionally the tactile method was used as a check 

The diastolic reading was made at the commonly accepted fourth phase — at 
the end of the loudest sound If the rate of deflation is too rapid the reading 
may be distorted, and usually the examiner catches the reading too high Defla- 
tion should be rather slow A value of 0 diastolic should never be recorded, 
however, when the diastolic sound is faint and difficult to lead or when some 
sounds continue to be audible down to or near zero, the flat diaphragm of the 
stethoscope should be inserted under the lower edge of the cuff, along the course 
of the brachial arterj^ on the medial aspect of the lower third of the upper part 
of the arm This usually clarifies the diastolic sounds, as well as the sjstolic 



Table 1 — Relation of Age to Blood Piessute in 7 , 47 S ilaks and 3,105 Females (Total Gionp) 
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Mean 0(2 03 9 03 ( 671 69 0 70 7 73 2 73 1 73 7 79 0 810 80 2 75 0 SOO 710 

afocfnl 33 3 61 3 02 7 0( 1 67 3 70 7 71 1 70 0 70 0 76 0 82 5 81 I 701 

PorcentnBO under 60 117 31 3 2 3 2 21 3 17 1 111 11 3 7 2 6 5 7l 5 0 3 7 11 7 

PcreentnKC under SO 83 3 93 0 93 0 90 0 8.3 3 82 1 71 3 03 3 06 2 30 0 13 7 ISO 73 0 30 0 78 6 

Pereentnge over 90 0 9 3 0 5 1 9 1 11 5 10 9 19 9 22 5 20 0 12 3 30 0 0 3 
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that “normal” blood pressure uses with age The coefficient of cor- 
relation of age and systolic piessuie for the total group was 0 14 =fc 0 01 
for men and 0 41 ±0 01 for women , that of age and diastolic pressure 
was 0 22 ± 0 01 foi men and 0 35 ± 0 01 foi women Neither of the 
correlations for men is significant of a rise m blood pressure with age 
The slight significance of the correlation foi women will be discussed 
later 

Since our total group of 10,883 persons, like eveiy other group 
previously analyzed, contains this conglomeiate of normal and hyper- 
tensive persons, it is not justifiable to draw^ conclusions concerning 
normal levels of blood pressure fioin such a sample One must devise 
some method of loughly separating the pathologic from the normal 
pressuies before the group is subjected to an extensive statistical 



Chart 1 — Effect of hypertension on the blood pressure curve The average 
systolic pressure of the total group of 7,478 men rises with age, howevei, when the 
obviously hypertensive persons (over 140 si'stolic and 90 diastolic) are excluded, the 
average blood pressure of the 6,485 men with blood pressures below' this level 
does not rise with age 

analysis This w'c shall do m the next section of the paper We cannot 
3 'et say, therefoie, wdiat “normal” blood pressure should be from this 
statistical study of our total group of 10,883 peisons 

DELIMITIZD GROUP 

(Pressuie of 140/90 and Ovei Excluded) 

Study of the distribution of presumably normal blood piessures 
necessitates drawing an arbitrary line between normal blood pressure 
and hypertension at a point which is compatible with accepted opinion 
and at the same time ovei comes the inherent eriors of the total gioup 
study There is accumulating a large body of evidence, such as statistical 



ROBINSON-BRUCER— NORMAL BLOOD PRESSURE 


419 


and clinical studies and moitality rates, that demand the recognition of 
a level of 140 mm systolic and 90 mm diastolic at least (as will be shown 
even this is much too high) beyond which the pressures are definitely 
hypertensive During the last ten yeais an ever increasing number of 
authorities in this field have placed 140 mm as the upper limit of normal 
systolic pressure Allen stated “A systolic pressure of more than 
140 mm should be legaided as abnoimal ” Alvarez stated “ A pres- 
suie of 140 mm is just as abnoimal m an old man as m a young one ” 
Hubei stated “A systolic pressuie of 140 mm oi moie is 

regarded as above normal” Faught-^ stated “A pressuie above 140 
mm IS unsafe at any age ” Diehl and Sutherland also used 140 mm 
as the upper limit of noimal, as have many otheis Mortality studies 
have shown conclusively that piessuies above 140 mm are definitely 
associated with a sharp increase m mortality For the pui poses of this 
study we have, arbitrarily to be sure, used a piessure of 140 mm as the 
dividing line above which an abnoimal systolic blood pressuie definitely 
exists 

There seems lecently to be an equal consensus that the upper limit 
of normal diastolic blood pressure should be placed at 90 mni (In our 
own selection 93 per cent of the readings were below 90 mm ) It seems 
appaient that a higher level is in complete discord with any lational 
view of diastolic pressuie We have arbitral ily chosen 90 mm, there- 
fore as the upper normal diastolic piessure foi the selection of our 
delimited gioup The delimited group contains only those peisons whose 
blood piessure was under 140 mm systolic and 90 mm diastolic 

There are other leasons for selecting this group for detailed analysis 
In Older to orientate ourselves as to which range of blood pressures 
effected most of the distortion of the mean in the total group, we 
serially discarded the upper biackets of the higher pressures and noted 
the effect on the age-blood pressure cuive The rise with age that is 

21 Faught, F A Simple Method for Determining Normal Average Systolic 
Blood Pressure at Any Age, M J & Rec 135 160, 1932 

22 Diehl, H S , and Sutherland, K H Systolic Blood Pressure of Young 
Men, Arch Int Med 36 151 (Aug ) 1925 

23 (a) Fisher, J W Mortality Statistics, Milwaukee, The Northwestern 

Mutual Life Insurance Company, 1935 (6) Report of the Joint Committee on 

Mortality of the Association of Life Insurance Medical Directors and the 
Actuarial Society of America, New York, 1925 

24 We have not discarded any of our extremely low blood pressure readings, 
for two reasons First, m our sample less than 1 per cent of the readings for 
men and 1 8 per cent of those for women were below 90 — an incidence which 
would not materially change our final results Second, the dividing line between 
low and normal pressure has decreased steadily since the invention of the 
sphygmomanometer Norris,’-7b m 1916, gave 115 mm , and Granger I'd and others, 
fifteen years later, used 90 mm , as the lowest normal systolic blood pressure 
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seen in the total group became propoi tionately less conspicuous as the 
upper levels weie discarded At the level of 140 mm a significant 
diflfeience fiom the pievious distiibution was noted The mean level of 
blood pressure was neatly constant at all ages (chait 1) The mean 
blood pressure does not use with age The same type of serial elimina- 
tion was carried out foi the diastolic pressuies, and the same tendency 
was apparent at the 90 mm level 

The exclusion of pressuies over 140 s}stohc and 90 diastolic does not 
alter the conclusions of the analysis The lesults in our senes would 
have been substantially the same had the level of delimitation been placed 
at 150 systolic and 95 diastolic In addition, tne modal pressure of the 
total group Mith its standaid deviation — a more accurate measuie of 
noimal range — extends from 106 to 126 mm of systolic pressure, which 
IS essentially what is found in the delimited group The technic of 
delimitation is only one of seveial methods which we have used to 
establish a normal lange The modal piessure of the total group, the 
continuous lecoids of blood piessuie and the study of mortality at 
different levels of piessure aie all essential in establishing a true normal 
range 

Compositwn of Dehvnted Gioup (9,473 Pei sons) — When the persons 
with gross hypertension (tempoiaiily and aibitraiily set at 140 systolic 
and 90 diastolic and o^el ) weie excluded from the total group, 13 3 pet 
cent of the men and 11 5 pei cent of the women weie discaided because 
of obviously high piessuie, leaung 6,458 men and 3,015 women within 
the delimited lange A statistical study of such a group should come 
closer to deteimination of noimal levels than a study of the oiigmal 
sample 

Age Disti tbuhon — The mean age of the men was 38 3 ih 0 14 The 
women were geneially two yeais youngei, with a mean age of 36 1 ± 
0 19 The median age foi the men was 37 1, showing a skewness of 
0 32 to the left Fiom this it is apparent that the oldei age gioups 
caused a slightly gi eater distoition of the mean than did the younger age 
groups, hence we did not have a perfect chance distiibution The 
median age for the women was 35 1, with a skewness of 0 29 This 
shows about the same distortion of the mean as the value for men, both 
figures showing a slightly significant distoition, in which case the modal 
age, 34 7 for men and 33 1 for women better shows the most intense 
concentration of the person in this sample of the population As the 
standard deviation of the mean for men was 11 09 and that for women 
was slightly less, being 10 26, the distribution of the subjects around 
the points of central tendency shows that two-thirds were between the 
ages of 27 and 49 years and 95 per cent were between the ages of 17 
and 61 
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Djstubutwn of Sysfohc Blood Piessiaes — ^\¥hen the extieme end of 
an an ay is discarded, as we have done by eliminating cases of gioss 
hypei tension, the mean oi arithmetic average ivill automatically decrease, 
but 111 a good disti ibution the mode should not change This holds true 
foi our sample While the mean pressure for the total group of men 
was 121 ±: 0 20 mm , the mean foi the limited group was 116 3 dr 0 14 
mm , the mode for the total group of men was 115 9 mm , and the mode 
foi the limited group was nearly identical, 115 1 mm A standard 
deviation (two thirds of the distiibution aiound the mean) of 10 92 min 
111 the limited group shows that the systolic blood pressuies of men 
(table 2) seemed to center aiound 105 to 127 mm (116 m 10 91 mm ) 
This follows nicely in the airay for women (table 3) The distoition 
of the mean m the total gioup caused a coi responding slight distoition 
of the mode, and while the expected fall of the mean occurs — from 117 
to 111 6 mm — the mode shows only a fall from 113 9 mm , in the total 
gioup, to 1116 mm , m the delimited group Because the mean and the 
median approximate each other in the limited group, 1116 mm seems 
moie reliable With a standaid deviation of 12 3 mm , it seems safe to 
conclude that the systolic blood pressures of this gioup of women, 
legardless of age, ranged fiom 100 to 125 mm 

To state this m simpler and more exact teims, the percentage group- 
ings of the distribution weie as follows 

6,458 Men 3,015 Women 

86% between 90 and 130 mm systolic 89% between 90 and 130 mm systolic 

54% between 100 and 120 mm systolic 56% between 100 and 120 mm systolic 

6% below 100 mm systolic 18% below 100 mm systolic 

25% below 110 mm systolic 44% below 110 mm systolic 

Wlien one consideis that 44 pei cent of the women and 25 per cent 
of the men had a systolic blood pressure below 110 mm, wheieas the 
peicentage with a pressure over 140 mm was about the same foi men 
and women, it is seen that women are more likely to have extremely low 
pressuies than are men Howevei, this must be qualified by noting that 
women with low blood pressures were in the younger age gioups 

A study of the correlation of systolic blood pressure with age is 
more informative In the delimited group of men (chart 2) the distri- 
bution of low blood pressures did not show a significant change at any 

25 If all of the men were lined up in the serial order of ascending sjstolic 
blood pressure the middle man of the group vould have a pressure of 115 9 mm 
The skewness of the distribution for men was Oil, the distribution for women had 
no skewness and the median was the same as the mean, 111 6 mm The greater 
coefficient of variation for women than for men is due to a fundamental difference 
between the distributions for men and for women when age is taken into consid- 
eration 



Table 2 — Relation of Age to Blood Piesstiie m 6,485 Men. m the Delimited Gioup (Piessures Over 140/90 mm Excluded) 
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Table 3 — Relation of Age to Blood Pressiue tn 3,015 Women in the Delimited Gioup (Piessiues Ovei 140/90 mm Evcliided) 
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Standard error 2 73 0 02 OtS OSS 0 38 0 35 0 13 0 52 0 G6 0 04 ICO 2 03 010 

Mode 55 5 G2 3 02 0 63 7 67 1 72 3 72 8 73 0 73 5 73 3 76 8 72 5 70 3 

Percentase under GO 41 6 317 25 3 21 8 181 12 4 13 4 0 4 70 116 10 G 13 3 16 0 

Percentage under 70 71 0 73 5 06 2 GOO 661 19 6 44 2 39 3 351 119 3G 0 33 3 66 0 100 0 52 2 

Porcentago under 80 83 2 06 3 95 4 01 3 80 0 88 3 81 7 79 7 79 1 81 4 68 5 80 0 100 0 100 0 80 8 
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age As many 55 yeai old as 20 year old men had blood pressure’s 
undei 100 mm The same held true for pressures undei 110 mm The 
number with pressures ovei 120 mm showed a slight increase with age 
Up to the age of 60, one half or moie of the men of all ages in the 
limited group had a systolic blood pressure lower than 120 mm There 
was an increase m incidence of pressuies ovei 130 mm with inciease in 
age Apparently (table 2), most men who have low piessures (under 
110 mm ) do not show any rise in systolic piessure thioughout their 
lives, and about a tenth of the men with pressures under 120 mm may 
show a slight use in pressure aftei the fiftieth year Finally the systolic 
piessures of about half the men of any age in this limited group did not 
rise above 120 mm , and that of about three-quarters never rose above 
130 mm 

Because most of the variation in pressuies occuis at levels over 120 
mm , our data so far seem to indicate that the hypertensive men are 



Chart 2 — Effect of age on blood pressure After the obviously hypertensive 
persons are excluded, the limited group of men, with pressures under 140 systolic 
and 90 diastolic, shows little tendenc 3 ’' toward a rise in blood pressure with age 
The blood pressure of women is lower than that of men in the younger age groups 


those who have had systolic piessures above 120 mm at an early age 
In othei words, men with moderately high systolic pressures (120 to 
140 mm ) at any age, but especially in the youngei gioup, are probably 
the ones who will have hypei tension years latei 

The age distribution of systolic pressures foi women shows one 
striking difference fiom that for men While women over 40 years of 
age have about the same blood pressuie as do men, youngei women 
have substantially lower piessures The mean systolic pressure of 
women under 40 years of age was 1104 mm , that of men was 117 mm 

26 The coefficient of correlation of age with systolic pressure for men in the 
limited group was 0 02 ± 0 01 , for women it was 0 22 ± 0 01 

27 A study of our ten year continuous records will confirm this 



ROBIN SON-BRUCER— NORMAL BLOOD PRESSURE 


425 


After the age of 40 the mean piessure was about 118 mm for both 
men and women The change m women is not sudden but is a steady 
climb in mean piessuie, starting just after the age of 20 and continuing 
into old age To emphasize these low pressuies in young women, we 
note that about 50 pei cent had piessures undei 110 mm and more 
than 20 per cent had pressures under 100 mm (table 4) 

While there was an incidence of 2 per cent of readings under 90 mm 
for the young women, only a few low leadings weie found for women 
aftei the age of 40 In men the incidence of readings under 90 mm 
was greatei in the old than in the young It is interesting to note, how- 
evei, that theie weie twice as many women as men whose systolic pres- 
suie was undei 100 mm and as many women whose systolic pressure 
was under 90 mm , even in the oldei age gioups Almost 80 per cent 
of the young women showed systolic piessuies under 120 mm , and the 
systolic pressures of more than 60 per cent of the older women were 


Table 4 — Disti thtifton of Blood Piessuie tn Men and JJ'oinen 




Men 

Women 


Under 40 

> 

40 Years 

Under 40 

40 Years 


Years of 

of Age and 

Years of 

of Ago and 

Blood Pressure, "Mm 

Age, % 

Over, % 

Age, % 

Over, % 

Under 90 

05 

08 

23 

09 

Under 100 

59 

65 

20 2 

13 0 

Under 110 

23 2 

252 

48 6 

341 

Between 110 and 120 

351 

319 

30 6 

27 8 

Over 120 

39 7 

42 9 

20 9 

381 

Over 180 

119 

15 0 

53 

15 9 

Number of cases 

3,869 

2 616 

2,024 

991 


under 120 mm In men the difference between young and old was less 
marked We have seen that the percentage of women with systolic 
piessuies ovei 110, 120 and 130 mm inci eases with age 

From this distiibution it is appaient that most women have low 
blood pressures up to the age of 40 and that the p essures will be 
slightly higher after 40, but aie lower than at the coi responding ages 
in men The systolic pressuie of about one half of the population 
never greatly exceeds 120 mm A use in pressuie in women is deceptive 
unless it is leahzed that women start with pressures far below those of 
the men The modal piessure of women is lower than that of men even 
m the older age groups Almost half the younger women have pres- 
sures under 110 mm Younger women generally have systolic pres- 
sures up to 15 mm lower than those of young men, and older women 
have piessures equal to or less than those of older men It must be 
remembered that we aie not concerned with hypertensive women when 
we say this 

DistnhuUon of Diastolic Blood Piessuies — ^The mean diastolic pres- 
sure for men was 72 1 mm , with a modal pressure of 73 mm The 
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women had a mean piessuie of 68 5 mm and a modal piessure of 70 3 
mm The standard deviation for men was 7 9 mm and that for women 
was 8 8 mm Thus, the men usually had diastolic pressures between 64 
and 80 mm , while foi women the values were slightly lower, between 
60 and 77 mm (tables 2 and 3) 

When this distribution is analyzed from the standpoint of specific 
age groups, the veiy low pressures in men aie seen to occui chiefly m 
youths under 20 years of age , hence the mean shows a slight i ise which 
aftei the age of 20 is not significant We cannot, therefore, find a 
normal use of diastolic pressure in noimal peisons"® A further cor- 
roboration of this IS seen in the more peitinent fact that the modal pres- 
sure hovel s around 72 to 74 mni’ at all ages However, the number of 
low diastolic pressuies (under 70 mm ) decreases up to the age of 55 
years, but after the age of 55 the number undei 70 mm returns to its 
earlier incidence We have not adequately accounted foi this vaiiation 
The peicentage of diastolic pressures between 70 and 80 mm remains 
constant throughout life The percentage o\er 80 mm inci eases m late 
middle age ApparentI}'- this is the piessure which favois hypertension 

The diastolic blood piessuie of women, like the systolic, varied 
slightly with age The levels foi oldei women weie about the same as 
those for men, but the younger voinen (up to 30 yeais of age) usuall}- 
had diastolic pressuies at the lowei 60 mm level As m the case of 
systolic piessure, the diastolic piessure of oldei women was not, on the 
whole, greater than that of men of coi responding age, but that of the 
younger women started at a much lower value 

It seems from the foiegoing data that the diastolic pressure should 
normally be below 80 mm It is hard to imagine why 90 mm was ever 
chosen as the upper limit of noimal Even in the total group, with 
hypertensive persons included, we -were able to establish the statistical 
fact that the greater numbei of persons had pressures below 80 mm 
Because the diastolic fluctuation was less marked than the systolic and 
because the measurements with a central tendency were all in the low 70 
mm class, it seems from a purely statistical analysis that normal diastolic 
pressure should be 80 mm oi below Alvarez,’-"® Sallar 

This study of a delimited group of persons beais out oui conclusions 
in the study of the modes of the total gioups, that is, a great number of 
persons do not show a rise m blood pressure,®” foi in our delimited group 
at least half the older peisons had S3''Stohc blood pressures below 120 

28 The coefficient of correlation of age vith diastolic pressure for men was 
0 09 ± 0 01 , for women it was 0 22 ±01 

29 Sailer, K Blood Pressure Changes Due to Age, Ztschr f d ges exper 
Med 58 683, 1927 

30 MacWilham, J A Blood Pressure m Man Under Normal and Pathologic 
Conditions, Physiol Rev 5 303, 1925 



ROBIN SON-BRUCER— NORMAL BLOOD PRESSURE 


427 


mm It IS appaient that most men m this group had piessuies aiound 
the 116 ±: 10 mm level at any age Oldei women had piessuies 
similai to those of men, but younger women had piessures much lower 
than men The piessuies which were most frequent for women were 
around 112 ± 10 mm Fuitheimore, it seems fiom this study that 
hypertension occuis in peisons who earlier m life have shown systolic 
pressuies above 120 mm 

The diastolic levels appeal to be in the low 70 mm class most fre- 
quently foi both men and women, although for young women they 
generally are lowei At any late piessures between 60 and 80 mm 
comprise the majority foi both men and women Pressures of 80 mm 
and over should, in the light of this study, be classified as indicating 
hypertension 

Summaiy — Many recent authorities agiee that the uppei level of 
normal blood piessure lies aiound 140 systolic and 90 diastolic We 
have discarded all subjects with piessures above this level, a delimited 
group lemaining in which the normal blood piessure of both men and 
women probably lies under 127 mm systolic and 80 mm diastolic We 
have furthei demonstiated that the majoiity of peisons do not show a 
use of blood piessuie with age As many old men as young men have 
low blood pressures We have still not explained the fact that the 10 per 
cent of the population which shows a rise in piessure had at an earlier 
age pressures which were apparently normal It would be interesting 
to find out what those blood pressure levels weie Our study of static 
pressures shows that the major shift in incidence with increasing age 
falls within the groups showing pressures of over 120 systolic and 80 
diastolic 

This IS as fai as any static study of pressuie can take us Although 
a static study shows cleaily the major trends of blood pressure and the 
approximate levels at difiterent ages, it does not take into account the 
daily and yearly variations in blood pressure This continuously chang- 
ing physiologic process can be measured only through a study of con- 
tinuous records The life history of blood pressuie as a dynamic 
process is the topic of the next section 

CONTINUOUS BLOOD PRESSURE STUDIES 

Ever since blood pressuie became important as a diagnostic aid, 
work'd s in the field have bemoaned the fact that their material did not 
include studies of continuous blood pressuie records over long peiiods 
In a rathei extensive review of the liteiature we have found only one or 
two studies that appioach the problem from the standpoint of yearly 
blood pressure levels for piesumably noimal persons over a period of 
years Foi oui study of the continuous blood pressure of 500 apparently 
well men, each record contained the abstract of an annual physical 
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examination over a period of about ten years These records were 
taken under the same standaidized conditions as were those of the pre- 
vious group of 10,883 persons The study endeavoied to embrace all 
adult age groups and all levels of blood piessuie 

1 The first chaiacteristic that strikes one in even a casual peiusal 
of yearly continuous records is the marked variation that every person’s 
blood pressure shows This yeaily variation merely reflects the daily 
physiologic rhythm of blood pressuie The pattern of this variation 
IS much like that of tempei attire It is lowest m the early morning, 
during sleep and highest in the late afternoon Other factors, such as 
emotion and exercise, supei impose additional flux on the diurnal flow 
of pressure 


Table 5 — Average Range of Dtffei ences Between Highest and Lowest Readings 



Sj stolic Pressure Lc\ cl 

Difference, 

Kumber of ilcn 

Alwai s Oc er 

Mm 

5 

1-10 mm 

30 

9 

130 mm 

24 

23 

120 mm 

23 

53 

no mm 

IS 

5S 

100 mm 

19 


Table 6 — Yeaily Variation 

in Blood Pi essiit e 



Number of Average Mean Yearly 

Scstolic Pressure, Mm 

Men 

Variation, Mm 

Never under 140 

5 

10 0 

Never under 130 

10 

12 7 

Never under 120 

28 

90 

Never under 110 

53 

70 

Never under 100 

54 

0 9 

Under 100 m at least one readinp 

49 

80 


The aveiage lange of diffei ences between the highest and lowest 
readings over a ten year span varies proportionately with the level of 
systolic pressure (table 5) At pressures over 140 mm there is a 
difference of 36 mm between the lowest and the highest leading, as 
compared with a difference of 19 mm at a level of 100 mm 

2 Second, it was observed that blood pressuies which weie con- 
sistently low did not vary as much from year to year as those that were 
consistently high Fi om table 6 one sees that the higher pressures were 
definitely more erratic from year to year than were the lower pressures 

3 Moie illustrative than the simple average variation is the com- 
parative percentage of each of the vaiious gioups which registered high 

31 A complete statistical anah^sis of these continuous records will appear in a 
subsequent publication 
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yeaily langes Notice (table 7) that the persons who consistently 
showed high piessme ovei a span of years usually showed gieatei 
variation than did persons who consistently showed low pressure (chait 
3) Comparison of another random sample of 15 men who always 
registeied pressures over 120 mm with 15 men who neve) registeied 
piessures over 120 mm showed an excess of 14 mm m total range and 
of 4 mm m mean range in the foimer group (chart 4) Fuithei, the 
group with systolic pi essures above 120 mm showed a definite tendency 
to increased pressure with age while the gioup with systolic pressures 
below 120 mm kept a constant level 

4 The fact that as pressures inciease they tend to show wider 
variation suggests that the genesis of hypertension will show itself m 
transient elevation of pressure A person usually does not become 
hypertensive suddenly, nor does the blood pressure use steadily each 
year to higher leA^els There is usually an ever inci easing numbei of 
tempoiaiy excursions into higher levels The effect of these tempoiary 


Table 7 — Dcgtccs of Vauatwn in Blood Piessme 



Percentage of Group Showing a Total Variation of 


More Than 

More Than 

More Than 

More Than 

Systolic Pressure, Mni 

20 Mm 

25 Mm 

30 Mm 

40 Mm 

Aln ays over 140 

100 

SO 

SO 

20 

Always over 130 

67 

56 

33 

11 

Always over 120 

57 

48 

26 

9 

Always under 120 

33 

27 

13 

0 


excursions is cumulative, the pressuie continuing at a high level with 
only momentar)’- lapses into low pressures “The highest readings must 
not be disregai ded 

In obser^ung a list of persons whose records aie available for ten oi 
more years, it was noticed that if the systolic piessure during the first 
years even once reaches a level above 130 mm it is almost certain that 
that pressure will be exceeded before the tenth year is passed Foi 
example, in the case of S R B , a man aged 43 whose pressure in 1928 
was 134 mm , the systolic blood pressuie was lower for the next two 
years, m 1931, however, it was 136 mm , and in 1933 it was 140 mm 
It varied fiom 130 to 140 mm until 1938, when it was 156 mm An 
even more striking example is the case of E L M , a w oman who at 53, 
m 1927, had a systolic pressure of 140 mm In 1928 the sj^stolic pres- 
suie was 122 mm It varied around 130 to 140 mm for the next four 
yeais, but in 1933 it lose to 146 mm Some physicians would consider 
a piessuie of 146 mm as “normal,” but the next three annual readings 

32 Bolt, W Hypertension as an Underwriting Problem, Proc A Life Insur 
M Dir America 21 183, 1934 
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langed from 154 mm to 220 mm, m 1938, at which time she had a 
stroke E L M ’s systolic pressure of 122 mm in 1928 was not normal 
(table 8) 



Chart 3 — Study of ten year continuous records The five types of pressure 
records indicated in the graph were selected Note that the lower pressures tend 
to maintain their levels and show smaller and less erratic variations As the 
pressures increase the excursions into the danger zone become more frequent 
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These observations aie at complete variance with those of investi- 
gators who brush aside an occasional high reading To quote one 
example, Stieghtz stated “Minor fluctuations of 15 to 20 mm of 
pressure occurring undei conditions of psychic strain are normally 
physiologic ” We find that in most instances a “minor fluctuation” is 
the forerunner of hypertension No data are available in the literature, 
so far as we can find, to support the opinion that minor fluctuations are 
normal The only woik that deals with the subject supports our 
results 

As it becomes increasingly evident that the blood pressures which 
show intermittent excursions to high levels are those that lead to hyper- 
tension m later years, it would be interesting to find at which levels the 
blood pressure is most likely to make these transient excursions In 



Chart 4 — Comparison of pressures always above 120 mm systolic with those 
always below 120 mm over a ten year span This graph shows the tendency of 
systolic pressures which always remain under 120 mm of mercury to maintain a 
steady level, with smaller and less erratic variations The pressures which always 
register above 120 mm tend to have greater and more erratic variations, with a 
tendency to rise with age 

Older to study this problem, we divided a pait of oui continuous recoids 
into five groups, according to the f i equency with which the lower read- 

33 Stieghtz, E J Emotional Hypertension, Am J M Sc 179 77S, 1930, 
footnote 13 

34 (a) Diehl, H S , and Hesdorffer, M B Changes in Blood Pressure of 

Young Alen over a Seven Year Period, Arch Int Med 52 948 (Dec ) 1933 
(&) MacKenzie, L F The Significance of Hypertension, Pioc A Life Insur 
M Dir America 24 157, 1937 (c) Palmer, R S The Efficacy of Medical 

Treatment m Essential Hypertension, New England J Med 215 569, 1936 
Bolt 32 
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mgs were obtained (chart 3) We then designated the levels of from 
120 to 130 and 130 to 140 mm systolic as danger zones of potential and 
actual hypei tension Pei sons whose systolic blood pressure periodically 
dips under 100 mm only rarely enter the danger zone As the level 
of pressure increases the excursions into the danger zones increase 
It seems evident that systolic pressures which regularly are above 
120 mm are bound to show transient elevation into the danger zone of 
130 to 140 mm The physiologic effect of these frequent daily periodic 
excursions into hypertensive levels may be the early groundwork of 
incipient hypei tension Because blood pressures are not static, a man 
whose systolic pressure does not dip below 120 mm on successive read- 
ings must be potentially hypertensive This is obvious when one takes 
into consideration his usual 15 mm of diurnal rhythmic flux of pressure 
Systolic pressures above 120 mm are m the zone of hypertension, and 
transient elevations into the danger zone are an indication of incipient 
hypertension A systolic blood pressure above 120 mm cannot under 
these conditions be correctly considered “normal ” To be sure one 
may not be able, with the present limited knowledge, to find objective 
evidence of pathologic change, but such a pressure does indicate the 
probable genesis of long, drawn-out disease 

5 Another, and probably the most important, finding is apparent 
among persons with low blood pressure, i e , the tendency of systolic 
pressures below 120 mm to maintain an even course throughout life 
Low blood pressures rarely change their level in the direction of a steady 
rise Of over 200 continuous low blood pressure records only 2 indi- 
cated an increase with age From these lines of evidence it seems wholly 
justifiable to conclude that persons with low pressures continue at these 
levels throughout their lives, while those with moderately high pressures 
tend to have much higher pressures, usually after the age of 40 (chart 3) 
Summajy — It is seen how the study of the life history of vascular 
tension gives a new impression of blood pressure It introduces the 
concept of blood pressuie as a dynamic physiologic foice, and through 
the aid of this concept one comes to a comprehension of the growth, 
the maturity and possibly the senescene of that force The blood pres- 
sure undergoes continuous change throughout the twenty-four hours of 
each day Statistical studies on isolated blood pressure readings are 
forced to treat these leadings as static phenomena It is undoubtedly 
important to be aware of the general level of blood pressure in large 
gioups of persons, but it is far more important to know the surging and 
resurging flow of the ever changing compensations in pressure in 
persons who do and in peisons who do not have hypertension We 
have shown that there is a difference m tlie daily changing tensions of 
the vascular system in the healthy and m the prehypertensive person 
We have shown that piessures under 120 mm aie less variable and less 



434 


ARCHIVES OF INTERNAL MEDICINE 


erratic than are pressures continuously ovei 120 mm and that transient 
excursions into the danger zones of hypertension aie lare m persons 
with low pressuies Further, pressures under 120 mm tend to main- 
tain a constant level, while those over 120 mm rise with increasing age 
We conclude from this study of continuous recoids that the range of 
normal systolic blood pressure must not extend above an upper limit 
of 120 mm 

MORTALITY RATE AT DIFEERENT BLOOD PRESSURE LEVELS 

The next problem that logically follows a study of the life history of 
blood pressure is the mortality of persons with different levels of 
tension This death record provides a natural confirmation of the long 
term trends of different blood pressure levels observed during life It 
is essential that the physician know wheie he stands m the control of 
morbid processes, he cannot pronounce persons “normal,” “healthy,” 
or “free from disease,” unless he is constantly aware of the factors 
which shorten life and of those which contribute to long life The 
physician’s most accuiate check on the potential longevity of his patient 
is the patient’s deviations from physiologic norms Mortality statistics 
place the patient m the perspective of potentiality When the level of 
a clinical measurement falls in a category with an extremely high mor- 
tality rate, obviously that level is abnormal and the patient is not 
“healthy,” no matter how well he feels For example, when we learn 
that excessive weight is associated with a terrifically high mortality, 
almost pound for pound, even the moderately overweight person must 
be considered abnormal The same is true of the pulse rate, for which 
the norm, for generations fixed at 72 =!= 10 beats per minute, is found 
in the light of mortality studies to be associated with a higher death rate 
than IS a pulse late of 50 to 65 To the physician this should mean 
(chart 5) that the norm is too high 

With blood pressure, as with weight and pulse, one should look on 
the mortality rate as a check on the levels one accepts as normal From 
our statistical study and our continuous recoids we decided that 120 
systolic and 80 diastolic are “upper limits ” This cannot be tiue unless 
it checks with the best mortality late In chait 5 we find complete 
accord with our conclusions With a rise m blood pressure there is an 
abrupt rise m the death rate This rise begins with the very low pres- 
sures By no stretch of the imagination can pressures of 130 to 140 mm 
be considered normal Diastolic pressures over 80 mm are associated 
with an increase m the death rate that is not compatible with the word 
“norm ” 

35 Sydenstricker, E Physical Impairment and Occupational Class, Pub 
Health Rep 45 34, 1930 Morgan, P W The Status of Persons with Sinus 
Bradycardia, J Kansas M Soc 37 455, 1936 
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Most medicoactuanal experience with blood piessure levels speaks 
in favoi of low pressure The Northwestern Mutual Life Insurance 
Company found a moitahty ratio of 35 per cent for piessures undei 
100 mm as compared with 94 per cent for pressures averaging 142 mm 
and 114 per cent foi piessuies averaging 153 mm (table 9) There was 
a steady increase m mortality with increase m pressure Fisher 
(table 10) cited a mortality stud)^ which corroborated this step like rise 
111 mortality with increase in pressure 

The records of the Prudential Life Insuiance Company (table 
11) show that low moitahty rates fall in a classification of an underavei- 
age diastolic blood pressure, though the authors of the i eport, MacKenzie 


WEIGHT 



PULSE RATE 



PRESSURE 




Chart 5 — Mortality trends for various physiologic measurements, showing in 
all cases that the higher readings are accompanied by a rapidly mounting death 
rate The low readings are the most desirable, in all measurements they are 
associated with the lowest mortality The weight curve was modified from Dublin 
and Lotk;a,i“ tuberculosis being excluded The pulse curve was adapted compositely 
from P W Morgan (Morgan, P W The Status of Persons with Sinus Brady- 
cardia, J Kansas M Soc 37 455 [Nov] 1936), Rogers and Hunter 5<^ and Dublin 
and Lotka Blood pressure curves were derived compositely from statistical 
material cited in the section on mortality 


and Wells, did not agiee with the preceding authors m regard to the 
favorable mortality rate of the very low systolic pressuies Living- 

36 Fisher, J W Report of Committee on Low Blood Pressure, Proc A 
Life Insur M Dir America, 1917, p 204 

37 Fisher, J W Use of Sphj gmomanometer, Proc A Life Insur M Dir 
America, 1907-1912, p 393 
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ston also found a slightly higher mortality with the very low systolic 
pressures, but even so it is 13 per cent lower than the average Thus, as 
both systolic and diastolic pressures are similarly disposed as to mor- 
tality rates, one would expect that the combination of systolic and 
diastolic pressures would pi oduce a similar disposition Bolt con- 
firmed this in a study of “mean” blood pressure diastolic) 


and stated “Our New York Life experience shows mortality directly 
proportional to the high readings Theie me too many physicmns who 
tmdei estimate the seiioiisness of a model ate elevation of piessure” 


Table 9 — Evpeiience of Northwestern Mutual Life lusniance Company* 


Ratio of Actual 
to Expected 

Range of Arterial Tension Ages at Entry Mortality, % 


Eow blood pressure (100 mm and under) 
Average blood pressure of 142 mm 
Average blood pressure of 153 mm 


16 60 

83 

40-60 

90 

40-60 

115 


♦ Expected mortality, SO per eent 


Table 10 — Life Expectation of Persons with Hypertension 
(American Actuarial Society) 


Percentage 


Expected deaths according to American actuarial tables 100 

Pressures of 105 mm and under 47 

Pressures of 100 100 mm 65 

Usual experience with accepted rishs 86 

10-14 mm over average pressure for age 114 

15-24 mm over average pressure for age 181 

25-34 mm over average pressure for age 205 

35-44 mm over average pressure for age 246 

45-49 mm over average pressure for age 254 

60 mm and more over average pressure for age 450 


Dublin and Lotka,^“ Southby,^® Fraser,^^ Muhlberg,^^ Brown and 
Rogers and Hunter unanimously confirmed this conclusion 

The most extensive investigation of the relation of mortality to blood 
pressure was made by the Joint Committee on Mortality of the Associ- 

38 Livingston, J M Blood Pressure Normal and Abnormal, Canad M A J 
30 54, 1934 

39 Bolt, W , in discussion on MacKenzie s*’’ 

40 Southby, R Clinical Observations on Blood Pressure with Special Refer- 
ence to Variation of Blood Pressure Readings in the Two Arms, M J Australia 
2 569, 1935 

41 Fraser, R A Life Insurance in the Service of America’s Health, Proc 
A Life Insur Pres 28 53, 1934 

42 Muhlberg, W Medical Resources and Mortality Trends, Proc A Life 
Insur Pres 27 142, 1933 

43 Brown, in discussion on Rogers and Hunter 

44 Footnote deleted by author 
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ation of Life Insurance Medical Directors and the Actuarial Society 
of America The report of this committee was an analysis of the records 
of 707,000 policy holders, which were submitted by twenty-six leading 
insurance companies in the United States and Canada The Joint Com- 
mittee on Mortality concluded that the underaverage pressures were 
associated with a lower mortality than was the “aveiage” pressure in 
every age group (table 12) Hay® aptly summed up these findings in 
his statement “There is something dramatic and ominous in the steady 
diminution in the expectation of life accompanying a rise of blood 
pressure ” 

It seems that mortality studies are m complete accord m condemning 
the popular notion that low blood pressure is a disease and moderately 


Table 11 — Ratta of Acitial to Expected Moitahty Rate (Ameitcan Men’s 
Standard) foi Standard Risks Accoiding to Diastolic Piessinc 
(Prudential Life Insiiiance Company) 






90 Mm and 

Ages at Entry 

Tinder 70 Mm 

70-79 Mm 

80 89 Mm 

Over 

15 29 

60 

77 

100 

104 

30-39 

47 

67 

64 

81 

40-49 

47 

55 

63 

60 

50 and over 

26 

25 

60 

62 

All ages 

49 

61 

69 

72 


Table 12 — Ratio of Actual to Expected Deaths fot All Ages Accoi ding to Pi essui e 

(Joint Conmuttee on Moitahty) 



Underaverage 


0\ era\ erage 


0 to 15% 

Average 

5 to 15% 

Systolic 

04% 

1007o 

114% 

Diastolic 

94% 

100% 

116% 


high pressures are “normal” and safe^® Part of the definition of a 
normal person is that he must live long, be relatively free from illness 
and not be prematurely killed off by degenerative diseases Invariably 
this IS the person with a low weight, a low pulse rate and a low blood 
pressure^® This tiiad of physiologic levels is the foundation stone on 
which longevity is built Symonds,^®*’ in his widely quoted work on 

45 Garvin, J D Hypotension Report of Six Cases in One Family, J A 
M A 88 1875 (June 11) 1927 Friedlander, A Clinical Types of Hypotension, 
ibid 83 167 (July 19) 1924 Roberts, D M Hypotension or Low Arterial 
Pressure, Illinois M J 71 448, 1937 Brower, A B Hypotension, Ohio State 
M J 33 152, 1937 Blackford, J M , Bowers, J M , and Baker, J W Fol- 
low-Up Study of Hypertension, J A M A 94 328 (Feb 1) 1930 Lewis, T 
Diseases of the Heart, ed 2, New York, The Macmillan Company, 1937 

46 (a) Gregory, J R Variations in Blood Pressure and Their Clinical 

Significance, East African M J 14 - 3 , 1937 (b) Symonds, B Blood Pressures 

of Healthy Men and Women, J A M A 80 232 (Jan 27) 1923 
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blood pressure, stated “It would seem that the average pressure runs 
counter to the best interests of health ” The Joint Committee on 
Mortality expressed agreement “The average blood pressure does 
not seem to be the pressure of lowest mortality ” The noimal person 
IS the person with a blood pressure below average In other words, the 
established “average,” or normal, pressure of today is too high 

Summmy — These mortality records from a variety of insurance 
companies all agree that pressures over 140 systolic and 90 diastolic 
are definitely associated with a propoi tionately increased death rate 
They all agree further that a higher mortality is to be expected among 
persons with pressures of 130 systolic and 80 diastolic than those in the 
pressures of 120 systolic and 80 diastolic Many go further and show 
that a pressure of 110 systolic and 70 diastolic is associated with a lower 
mortality late than one of 120 systolic and SO diastolic Some of the 
companies indicate that pressures below 110 S3^stohc and 70 diastolic 
may have the best mortality rate In general, the mortality of any 
random group of 1,000 persons with pressures over 120 systolic and 
80 diastolic is higher than that of a similar group with pressures under 
these levels 

COMMENT 

The status of knowledge conceining blood pressure is such that the 
wide divergence of authoritative opinion as to what constitutes “normal” 
has given rise to much confusion The uppei level of normal systolic 
piessure, according to contempoiary literature, can extend from 120 to 
160 mm , the diastolic limits, anywhere from 90 to 110 mm However, 
during the past decades the prepondeiance of opinion regarding normal 
levels has shifted toward lower limits The confusion which invariably 
results from a shifting level has made itself felt in recent medical texts 
Many authors do not commit themselves as to normal levels, and those 
who do take a stand give two levels, with a “no man’s land” between 
Moreover, the tendency to establish norms and then disregard them 
seems indicative of growing uncertainty of the norms which were estab- 
lished It IS, of course, dangerous for an author to commit himself to a 
fixed norm in the face of conflicting opinion, but in no field of modern 
medicine is there greater need for clarification than in that of blood 
pressure We feel strongly that it is dangerous even unwittingly to 
evade the paramount issue of narrowing the extremely wide range that 
now exists for normal blood pressure 

We have attempted to explain in detail the reasons why such con- 
fusion exists We have further pointed out that all past studies relied 
too exclusively on statistical data Such studies have value, but m 
order to arrive at any physiologic norm it is necessary, in addition, that 
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an analysis of the life history of the measurement be made and then 
correlated with mortality data The interplay of all of these factors 
must be taken into account before one can establish a physiologic norm 

We have shown that it is statistically as well as physiologically in 
error to group together for study normal and pathologic subjects m 
order to arrive at normal levels Such a study will give the sum total 
of the data for both groups Our study has taken full cognizance of 
the inherent danger of such a mixed group and accordingly has, at the 
outset, discaided the obviously hypertensive subjects, whose presence 
has led so easily to misinterpretations of "normal" m the past 

We have, however, submitted the data on our total group with 
several breakdowns of statistical treatment (table 1) for those who are 
especially interested or who wish to to make comparisons with other 
existing data 

The only valid and significant conclusions that we were able to draw 
from our total group related to diastolic blood pressure Most previous 
studies of blood pressure have established 90 mm as the upper limit of 
normal, some giving 95 and others 100 mm and over From a study 
of our total group, a statistical analysis alone, without inclusion of other 
data (which we look on as absolutely essential in arriving at norms), we 
place the upper limit of normal diastolic blood pressure at about 80 mm 

The first step in our statistical analysis was to eliminate the obviously 
hypertensive subjects We decided to eliminate all readings above 
140 mm systolic or 90 mm diastolic as definitely pathologic, since this 
was a level accepted by many recent writers Slightly more than one 
tenth of our subjects were discarded as grossly hypertensive, but by no 
means did we eliminate all of the hypertensive persons As was shown 
later, many were included The statistical analysis was completed on 
this delimited section of the total a smaller, select sample, more nearly 
normal than any total group 

Study of this delimited group shows that men usually have a blood 
pressuie of llS ±: 10 mm systolic and 72 ± 8 mm diastolic, women 
show pressures of 112 ±10 mm systolic and 70 ± 8 mm diastolic 
These facts should indicate that the upper limits of blood pressure must 
be under 125 systolic and 80 diastolic We further showed to be true 
what a few astute observers^’’ have long believed, that normal blood 
pressure does not rise with age We confirmed in this study of the 
delimited group the findings of some previous workers that young women 
have lower pressures than young men and showed that older women 
have substantially the same, or slightly lower, pressures than older men 

47 Stocks, P, and Karn, M N Blood Pressure m Early Life, London, 
Cambridge University Press, 1924 MacWilliam so Alvarez Dingman 
Hunter^® Huber 
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These conclusions were drawn from analyses of static statistical 
tables, but blood pressure is so overwhelmingly a dynamic process that 
a study of the flux of pressure levels over a period of years was felt 
to yield far more important results No study can be complete unless 
the life history of blood pressure is taken into account Therefore, we 
analyzed a group of 500 records continuous over a period of five to 
ten years 

When we followed the course of blood pressure in its aberrations 
over a period of years, we noticed first the yeai to year variations 
Much of this variation, it was decided, is due to the normal diurnal 
flux of pressure, which emulates temperature, pulse and the diurnal 
harmonics of metabolism A second observation was that the lower 
pressures did not show as great a variation — ^usually it was less than 
10 mm , while the higher pressures usually varied by 15 to 40 mm 
Third, low pressures almost mvanabl} tended to remain at the 
same general low level throughout all age groups, while the higher 
pressures showed definite signs of rising to even higher levels with 
advancing years It was shown that blood pressuie readings persistently 
below 120 mm remained at the same level throughout a ten year period 
in any age group and had little variation, while systolic blood pressures 
persistently above 120 mm showed a tendency to rise over a ten year 
span in all age groups and showed greater and more erratic variation 
From these continuous records we concluded that noimal sj^stolic blood 
pressure should not exceed 120 mm 

It was further shown that once a pei son’s pressure shows even 
intermittent rises into the danger zones of 120 to 130 and 130 to 140 
mm it frequently leturns to that level We suspected that these excur- 
sions into the danger zone tended to become more and more frequent 
and considered these pressures as indicating incipient hypertension 

Another important measure available for a check on the norms is 
a study of mortality data The word “noimal” is inconsistent with a 
high mortality rate Whatever the method of selecting any physiologic 
norm, the level cannot be interpreted medically as “normal” unless 
at IS consistent with the longest possible life 

What IS the vascular tension that leads to the longest life span, and 
what are the levels that shorten life^ This question is of the greatest 
interest in our study because it forms a background for our definition 
of “normal ” There is overwhelming evidence from available actuarial 
material that shows inci eased mortality to be directly proportional to 
increased blood pressure And what is of the greatest significance is 
that the increase commences at below average levels In other words, 
men with blood pressuies of 120 ram and over will die sooner than 
men with blood pressures under 120 mm It is thus seen that mortality 
data completely corroborate the low levels of blood pressure, i e , under 
120 systolic and 80 diastolic, which we have established as normal 



ROBINSON-BRUCER— NORMAL BLOOD PRESSURE 


441 


It can be seen from these new levels of blood pressure that there is 
now an entirely different picture of hypertension, which fits m far more 
coherently with the picture of hypertensive heart disease and its high 
death rate The incidence of high blood pressure is much higher than is 
generally realized , about 40 per cent of the adult population is prehyper- 
tensive or hypertensive Hypertension is a long term disease, not a 
short term degeneration beginning after the fortieth year, almost as 
many young persons as old persons have potential or actual high blood 
pressure, the only difference being m the severity of the condition 
Hypertensive heart disease starts during youth, and its diagnostic sign 
is a persistent elevation of blood pressure into levels over 120 systolic 
and 80 diastolic, frequent intermittent excursions above these levels 
denote incipient hypertension 

We have stressed the flux, or movement, and variability of blood 
pressure This seemed to indicate that when one looks for normal 
levels one must considei the task as one not merely of selecting a fixed 
point — 120 or 130 mm — but of picking a range of blood pressure read- 
ings within which normal surging movement of vascular tension takes 
place One cannot expect to interpret the phenomenon of a fluctuating 
pressure head moving within viscous fluid down a branching system of 
elastic tubes on the basis of a single static number The very nature of 
blood pressure is movement, and in the future blood pressure must be 
designated as a range of movement Much of the older work has 
seriously handicapped the usefulness of the sphygmomanometer by 
giving physicians the impression that man’s blood pressure should be 
fixed at a static level of 120 or 130 mm Blood pressure must be 
interpreted as a range of systolic and a range of diastolic pressure If 
one records a patient’s blood pressure for the first time at 120 mm , he 
may be either hypertensive or normal If over a period of years the 
120 mm reading is the lowest pressure, he is hypertensive , if it is the 
highest pressure, he is normal 

In the face of a value which is m constant variation, it is easy to 
see why some investigators have given up the hope of establishing norms 
for blood pressure Dr Clarence L Andrews, m a talk before the 
American College of Physicians, stated that “there is no such thing 
as 'normal’ pressure at any period of life , what is normal for one man 
may indicate disease for another” This is a dangerous axiom that is 
gaining ground in current medical thought No abnormal physiologic 
level IS normal for any given person No person can carry higher than 
normal physiologic levels with impunity Men die sooner if the pulse 
rate, the temperature, the weight and the blood pressure are only slightly 
elevated above the established “normal” levels An occasional exception 
must not sidetrack one from the immutable laws that inevitably lead the 
overwhelming majority of persons with abnormal readings to an early 
death After all, these physiologic levels have been fixed over millions 
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of yeais of evolutionary ascent The range of blood pressure must be 
considered to be as immutable and as constant as the temperature 
and pulse rate If by “normal” one means the probability of a 
long life, a low morbidity rate and efficient activity, it is almost obvious 
that there is a normal-healthy range of blood pressure and an abnormal, 
diseased range 

Who IS the normal person? Surely he is one who is free from 
disease, discernible or latent — one who is subjectively well The fact that 
he has no latent disease is learned through a consideration of simple 
clinical tests However, these clinical tests m almost every category 
have described a range of “normal” far too wide and not consistent with 
the best mortality rates, and physicians have begun to whittle away 
at the extremes of these too wide ranges Compare the standard weight 
tables of twenty-five years ago with those published today Statisticians 
formerly allowed moie weight than can now be conceded even to civi- 
lized man, and allowed an increment with an increase in age It is 
generally accepted now that optimum weight remains constant after 
maturity is reached, at about the age of 30 The same process of 
revision is discernible in all physiologic measurements The pulse rate 
is no longer considered noimal at 90, nor is the temperature at 99 6 F 
Blood pressure, blood sugar and basal metabolic rates will all be allowed 
less range in the future All of these measurements require revision, 
and revision chiefly downwaid 

The “normal” that will be selected must be compatible with a long 
and healthy life Physicians are beginning to realize that the below 
average levels are associated with a lower mortality than are the aver- 
age and therefoie are the tiuly normal levels This can mean only one 
thing Many now acceptable “normal” persons are in reality museums 
of incipient disease 

It IS significant that the piessures now accepted as normal are close 
to what was once called “hypotension ” 

It IS ironic that since the invention of the sphygmomanometer 
physicians have attempted to discover some pathologic condition to 
explain low pressure, the truly normal and ideal lange of blood pres- 
sure, and have neglected to recognize the ominous character of potential 
hypertension As a result, thousands of noimal persons are treated for 
hypotension, and a much larger group in the hypertensive class are 
given a false sense of secuiity 

Much work is necessary in all fields of blood pressure research 
There are necessary more studies of static pressure readings, taken 
under rigidly standardized conditions, for different social and occupa- 
tional groups More important is the need for detailed studies on 
records continuous over a period of years and on the comparative 
mortality of persons with various levels of pressure We hazard the 
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guess that when the final data are available any changes in the level we 
have proposed for normal blood pressure will be in the direction of 
lower limits 

CONCLUSIONS 

1 A new and more rational range of normal blood pressure is 
postulated as the result of (1) a statistical study of 10,883 persons, (2) 
a study of five to ten year continuous records of 500 persons and (3) an 
appraisal of mortality at various pressure levels 

2 The normal range of systolic blood pressure for men and women 
IS from 90 to 120 mm of mercury 

3 The normal range of diastolic blood pressure for men and women 
IS from 60 to 80 mm of mercury 

4 A normal person attains his mature blood pressure at about 
adolescence and keeps that range throughout life, except for a slight 
rise at about the twentieth year 

5 Normal blood piessure does not rise with age Prehypertensive 
and hypertensive piessures do rise with age 

6 “Hypotension” is neither a disease nor a disease entity, it is an 
ideal blood pressuie level In the absence of other findings this is true 
of pressuies that occasionally dip to the level of 80 systolic and 50 
diastolic 

7 The commonly described symptoms of the disease called “hypo- 
tension” can be ascribed with equal statistical accuracy to any level of 
blood pressuie 

8 Blood pressure should be considered a physiologic measuiement 
m continual diurnal flux, highest during the afternoon, lowest during 
the early morning hours 

9 The daily and yearly variation of normal blood pressuie is from 
5 to 10 mm of mercury 

10 Higher levels of blood pressure show proportionately gi eater 
and more eiratic yeaily vaiiations 

11 Lower levels of blood pressure show smaller and less erratic 
yearly variations 

12 A blood pressure history is more nearly normal as it shows 
occasional pressures below 110 systolic and 70 diastolic 

13 A person who has a history of pressures which occasionally dip 
to the 90 systolic and 60 diastolic level, or even to the upper part of the 
80-90 systolic and 50-60 diastolic range, has an added assurance of 
not becoming hypertensive 

14 A blood pressure history of over 120 systolic and 80 diastolic 
over a ten year span in a man or woman is pathologic, and is an almost 
infallible sign of incipient hypertension Once a pressure is definitely 
established in this range it seldom if ever will become normal 
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15 Transient elevations of blood pressure should not be ignored 
They should be suspected of a further, more frequent and possibly 
permanent rise 

16 Moderately high blood piessures are incipiently hypertensive 

17 Persons with hypertensive heart disease are recruited from 
persons with incipiently hypertensive blood pressure levels 

18 High blood pressures tend to become even higher, the higher 
pressures invariably resulting m hyperpiesia 

19 High blood piessure is a long term disease having its genesis at 
an early age It is not a disease that suddenly emerges with middle age 

20 Slightly more than 40 per cent of the adult population is either 
actually or incipiently hypertensive 

21 A study of any normal physiologic measurement must check 
with mortality data One of the criteria for the selection of a normal 
range is that it be compatible with the lowest possible mortality and the 
longest life span 

22 The mortaht)’- rate increases progressively with an increase in 
systolic or diastolic blood pressure 

23 Persons with low blood pressures have the lowest mortality rate 
Those with blood pressures persistently over 120 mm of mercury 
systolic and 80 mm diastolic have a higher mortality rate than those 
with blood pressures persistently undei 120 mm systolic and 80 mm 
diastolic 

Mrs Mary Neil collected data used in this study over a period of years Dr 
Dudley B Reed supplied data from the files of the Student Health Service of the 
University of Chicago Data from the health service of the West Side YWCA 
were made available by Dr Rudla Rind Dr Louis W Desprez cooperated in 
connection with the study of continuous records, and Dr Anthony N Trapp secured 
additional continuous records Mr Walter Bittner assisted with the editing of the 
manuscript The University of Chicago furnished office space The statistical 
labor was performed with the aid of the Works Progress Administration The 
project was under the sponsorship of the Institute for Juvenile Research, Dr Paul 
L Schroeder, director Mr R A Wolff, Mr Walter Majewski and Miss Florence 
Duryea assisted with the statistical investigation 



BILIRUBIN AND UROBILIN CONTENT OF BILE 
OBTAINED BY DUODENAL DRAINAGE 

NORMAL VALUES AND VALUES FOR PATIENTS WITH CHOLECYSTITIS 

M ROYER, M D 

BUENOS AIRES, ARGENTINA 

Study of the bile obtained by means of duodenal drainage in man 
can give significant data regarding inflammation of the gallbladder For 
instance, the presence of desquamative elements originating m the biliary 
tract (cells, leukocytes) is important evidence of cholecystitis The 
difficulty at times consists in deciding whether the elements have come 
from the gallbladder, the extrahepatic bile ducts or the liver This 
applies also to the presence of albumin in the bile Faulty evacuation 
of the gallbladder is a sign which is present m cholecystitis, as it is a 
negative sign and appears in association with other diseases also, it is of 
much less importance 

Since cholecystitis is a common disease, it is useful to have multiple 
methods for its diagnosis For many years I have studied the possibility 
of making a diagnosis of cholecystitis on the basis of the concentration 
of the bile pigments bilirubin and urobilin In 1933 I ^ published my 
first results, which were later confirmed by Castex and Lopez Garcia ® 

In this paper I propose to describe first the normal behavior 
of bilirubin and urobilin in normal bile, clinically and experimentally 
Later the same pigments will be considered in relation to pathologic 
states 

TECHNIC 

The bilirubin content was determined as follows The bile to be tested was 
mixed with acid alcohol ^ m different proportion (1 10 to 1 50) according to its 
concentration Eighteen to twenty-four hours later the mixture was examined 
with the photometer of Pulfrich, with the filter S66, 613,5, the factor 25 being 
used as a constant The difference between the readings for the two drums was 
multiplied by 25 and by the titer of the dilution The final result gav'e in milligrams 
the concentration of bilirubin per liter The control readings gave errors not 
greater than 4 to 5 per cent 

From the Department of Physiology and the Department of Medicine of the 
School of Medicine of the University of Buenos Aires 

1 Royer, M Les pigments de la bile obtenue par tubage duodenal Leur 
importance dans le diagnostic des cholecystites, Presse med 41 74, 1933 

2 Castex, M R , and Lopez Garcia, A La urobilina en el Hquido duodenal, 
Bol Acad nac de med de Buenos Aires, 1934, p 128 

3 Acid alcohol is a mixture of 0 4 cc of concentrated nitric acid, 22 cc of 
concentrated hydrochloric acid and 100 cc of 96 per cent alcohol 
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The urobilin content of the bile was measured by means of the method 
described in 1928, which is a modification of the one published by Elman and 
McMaster s m 1925, the fluorescence being measured Later (1932) I e modified 
it for clinical use 

NORMAL STATE IN MAN STUDIED BY DUODENAL DRAINAGE 

A Study was made by means of duodenal drainage of 25 persons 
with normal biliary tracts Only A bile and B bile were considered 
(table 1) , C bile may, for the present purposes, be taken to be like A 

Table 1 — Btle Pigments Obtained by Duodenal Drainage from Patients with 

No Lesions of the Gallbladder 




Bilirubin 

A 



Urobilin 

1 


Ratio of 

_ TUliriihtn 



In 

In 

% r 

In 

In 


UUJU 

Increase 



A Bile, 

B Bile, 

Coeffl' 

A Bile, 

B Bile, 

CoetB 

to 

Case 

Mg per 

Mg per dent of Mg per 

Mg per cient of Urobilin 

No 

Condition 

Liter 

Liter 

Increase 

Liter 

Liter 

Increase Increase 

1 

Normal 

42 0 

63 

1 5 

0 84 

0 36 

10 

1 5 

2 

Typhlitis, constipation 

40 0 

142 

30 

0 24 

0 46 

19 

1 5 

3 

Cancer of esophagus 

131 C 

207 

1 5 

112 

129 

11 

IS 

4 

Ovanan insufllclency 

285 

860 

12 6 

210 

10 33 

49 

25 

5 

Serofibrinous pleurisy 

92 2 

423 

44 

099 

163 

IS 

34 

6 

Gastritis 

600 

185 

31 

1 12 

363 

33 

09 

7 

Dyspepsia 

1210 

519 

42 

163 

296 

19 

22 

8 

Spondylosis, 2d lumbar vertebra 

18 0 

125 

69 

169 

336 

19 

36 

9 

Metrosalpingo oophoritis 

10 0 

86 

86 

034 

185 

63 

16 

10 

Hyperthyroidism 

42 0 

lOS 

25 

169 

163 

—0 8 

S3 

11 

Chronic bronchitis 

20 0 

105 

52 

0 61 

0 81 

13 

40 

12 

Dollchocolon 

150 

165 

no 

112 

488 

43 

25 

13 

Headache 

62 0 

175 

28 

140 

189 

IS 

21 

14 

Gastnc lesion 

210 0 

366 

17 

6 07 

906 

14 

12 

15 

Hepatitis 

800 

155 

19 

6 07 

4 88 

-07 

26 

16 

Epilepsy 

150 0 

237 

1 5 

0 89 

090 

10 

1 5 

17 

Gastric lesion 

63 0 

340 

52 

1.89 

3 68 

19 

27 

18 

Hjperthyroidism 

210 

250 

119 

0 94 

607 

64 

18 

19 

Hepatitis 

62 0 

118 

1 9 

3 36 

488 

14 

13 

20 

Hemorrhagic pleurisy 

87 0 

137 

1 5 

0 46 

060 

11 

IS 

21 

Hepatitis 

370 

77 

21 

129 

189 

14 

1 6 

22 

Vertigo 

310 

50 

16 

1 89 

189 

10 

16 

23 

Fermentative colitis 

300 0 

975 

32 

3 30 

607 

18 

17 

24 

Ferityplilitis 

1310 

425 

32 

0 81 

088 

11 

29 

25 

Exophthalmic goiter 

12 5 

430 

34 4 

0 80 

244 

31 

111 


bile From the data it can be seen that the bilirubin content of B bile 
was increased in compaiison with that of A bile The difference indi- 

4 Royer, M La urobilma al estado normal y patologico. Thesis, Buenos Aires, 
Frescol y Bmdi, 1929 , L'urobihne a I’etat normal et pathologique Etude expen- 
mentale et chnique effectuee a ITnstitut de Physiologie de la Faculte de Medecme de 
Buenos-Aires, Pans, Masson & Cie, 1930 

5 Elman, R , and McMaster, P D Studies on Urobilin Physiology and 
Pathology I The Quantitative Determination of Urobilin, J Exper Med 41 
503, 1925 

6 Royer, M Simplification de la methode du dosage de l’urobihne, Compt 
rend Soc de biol 111 825, 1932, El mesobilirubmdgeno como patron para dosar 
la urobilma, Rev Soc argent de biol 8 489, 1932 
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cated the degree of concentration of the bile by the gallbladder The 
coefficient of increase is given in the table just mentioned The urobilin 
content of B bile was also increased in comparison with that of A bile, 
but the coefficient of increase was much smaller than that for bilirubin 
except in case 6 This patient, unfortunately, was not reexamined, 
but his clinical history indicated that he may have had a lesion of the 
biliary tract 

These results can be explained if it is admitted that the bile stays 
a while in the gallbladder and becomes concentrated, owing to the absoip- 
tion of water by the wall of the gallbladder It is possible that bile 
pigments could be absorbed by the wall just as water is If that is 
true, m order to explain the results obtained, it is necessary to admit 
that no bilirubin, or hardly any, is absoibed, this accounts for its high 
concentration in B bile It must be admitted that m all cases uiobilm 
is absorbed in greater amount than bilirubin, m order to explain the 
lower concentration of bilirubin in B bile One of the reasons for 
believing that the absorption of urobilin is high in the gallbladder is 
that, in spite of the loss of water, the concentration of urobilin in 
B bile IS lower than it is in A bile (see data for cases 10 and 15) 
In these conditions the ratio of the increase of bilirubin to the increase 
of urobilin will be over 1 , m the present group of cases the values 
ranged from 09 to 11 1 An attempt was made to confirm experi- 
mentally the previous results ' 

EXPERIMENTAL STUDY OF BILIRUBIN 

A study 111 the normal dog was made of the ability of both pigments 
to pass through the wall of the gallbladder The first observation on 
this point was made apparently by Aschoff and Bacmeister ’’ (1909) 
They proved that under normal conditions bilirubin can be found m 
the wall of the gallbladder, owing to the fact that it is passing through 
the wall Rous and McMastei ® (1921) deducted from their experi- 
ments on dogs that the bilirubin of the bile is not absorbed by the 
gallbladder The objection to their expeiiments is that the exact amount 
of bile that entered the gallbladder could not be measured Neither 
were they able to prove the presence of bilirubin in the efferent 
lymphatic ducts of the gallbladder This last finding was verified by 

7 Aschoff, L, and Bacmeister, A Die Cholelithiasis, Jena, Gustav Fischer, 
1909 B'y, A C The Physiology of the Gall Bladder, Physiol Rev 14 1, 1934 

8 Rous, P , and McMaster, P D The Concentrating Activity of the Gall 
Bladder, J Exper Med 34 47, 1921 
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Riegel, Johnston and Ravdin ® (1932) But in 1924 Sweet “ found 
bilirubin in the lymph coming from the gallbladder Ravdin and 
Morrison (1931) did not find bilirubin, either in the venous blood 
or in the l3miphatic ducts from the gallbladdei 

Riegel, Johnston and Ravdin” (1932) have studied the absorp- 
tion of bilirubin by the gallbladder by employing an excellent technic 
A Nelaton catheter is inserted into the gallbladder by way of the hepatic 
duct, above the point where the ducts from the right and left hepatic 
lobules make their entrance Later the hepatic duct is fixed to the 
catheter in older to keep the latter in the desired place The other 
end of the catheter protrudes through a stab wound in the abdominal 
wall The operation is performed under aseptic conditions, and the 
animals live a long time The authors found it possible to study the 
animals without resort to anesthesia 

To study the absorption of pigments they introduced into the gall- 
bladder a certain amount of bile with a fixed proportion of bilirubin, 
a short time latei (two to twenty-foui hours) the gallbladder was 
emptied and washed, so that the exact amount of pigment contained 
therein could be accurately measured With this technic they observed 
in 7 of 18 cases a diminution of over 8 per cent (8 7 to 12 9 per cent) 
in the amount of bilirubin, the average for all the experiments was a 
diminution of 4 8 per cent In spite of their own results, the authors 
stated that they did not believe theie was absorption of pigments by the 
gallbladder They used bile with such a high concentration of pig- 
ments that one wondei s how they obtained it The concentration 
ranged from 0 32 to 2 2 Gm per hundi ed cubic centimeters All the 
values were well over what may be considered normal 

The absorption of bile components by the wall of the gallbladder 
can be detected m vaiious ways (c) by the presence of bile components 
in the efferent veins and lymphatic vessels of the gallbladder and (&) 
by variations in the composition of the bile inside the gallbladder 

The collection of blood or lymph flowing fiom the gallbladder is a 
difficult feat , hence, the second method of study was used 

Method of Collecting Bile — Dogs anesthetized with a compound of chloral and 
dextrose were employed in this study The animal was tied in dorsal decubitus 
on the operating table A medial abdominal incision, as large as possible, was 
made and was extended to the right at its upper end This last incision was made 

9 Riegel, C , Johnston, C G , and Ravdin, I S Studies on Gall Bladder 
Function VIII The Fate of Bile Pigment and Cholesterol in Hepatic Bile 
Subjected to Gall Bladder Activity, J Exper Med 56 1, 1932 

10 Sweet, J E Gall-Bladder Its Past, Present and Future, Internat Clin 
1 187, 1924 

11 Ravdin, I S , and Morrison, J L Gallbladder Function The Contractile 
Function of the Gallbladder, Arch Surg 22 810 (May) 1931 
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at a right angle to the first incision and between clamps so as to avoid hemorrhage 
The duodenum was pulled outward gently so as to exteriorize the gallbladder 
The portion of the neck of the gallbladder next to the cystic duct was dissected 
with a blunt instrument to free it from its surroundings From the neck outward 
runs a solid whitish band containing vessels This was dissected away a little so 
that a ligature could be passed around the neck only After the ligature was in 
place the cystic duct was opened a few millimeters with scissors and a urethral 
catheter was pushed through the incision into the gallbladder The gallbladder 
was then emptied, care being taken that the holes of the catheter were in the 
middle of the gallbladder The ligature around the neck was then tied securely 
The gallbladder was carefully washed out with tepid physiologic solution of 
sodium chloride until the fluid came away colorless At times to the washing 
fluid was added 1 or 2 drops of ammonia water to dissolve any mucus that might 
be left on the inner wall of the gallbladder A small amount of bile with a known 
proportion of pigments was then introduced, and the catheter was closed with a 
clamp Meanwhile the abdominal wall was closed, with the catheter left pro- 
truding 

After two to eight hours the animal was killed by puncture of the medulla 
oblongata The gallbladder was taken out without previous emptying, in order 
that it might be ascertained that the ligature about the neck was in good con- 
dition and that there had been no loss of bile If it was found that the ligature 
was not intact, the results were discarded If the gallbladder was in perfect 
condition, its content was emptied carefully into a graduated vessel The gall- 
bladder was opened with scissors, and the bile adherent to the wall was allowed 
to drip into the container The total amount of bile was measured When con- 
sidered necessary, the gallbladder was washed with saline solution to remove 
any remaining bile The aspect of the inner surface of the wall was then examined 
If edema was present, the experimental data were considered worthless For 
the data to be accepted as reliable, the wall had to be free from hemorrhagic 
lesions due to the catheterization Furthermore, the data were accepted as reliable 
only for those experiments in which half the liquid volume introduced was absorbed 
It can readily be understood why a number of the experiments were excluded, 
in fact, the data for 42 dogs were discarded 

Results — The lesults obtained have been divided into two main 
groups with regard to the concentration of pigments This separation 
into two groups is purely arbitrary It can be seen in table 2 that in 
13 experiments the values for pigment varied so that the differences 
ranged from -|-9 4 to — 23 5 pei cent, m 7 experiments the diminution 
was between — 101 and — 23 5 per cent The average diminution was 
106 per cent With biliiubin concentrations of over 200 mg per liter 
(table 2), the variations were much smaller, they oscillated between 
-}-l 5 and — 18 7 per cent Only once m the 10 experiments was the 
extreme value of — 18 7 obtained The average of the experiments^ 
was a diminution of bilirubin of — 3 3 per cent, fairly similar to the 
value given by Riegel, Johnston and Ravdm ( — 4 8 per cent) 

All these lesults lead to the belief that bilirubin is better absorbed 
when its concentration is low However, it does not seem possible to 
establish a law with regard to the absorption and its regulation by the 
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concentration of pigment, apparently there is no threshold for the 
absorption 

With the sole purpose of determining whether absorption is greater 
with low than with high concentrations, some experiments were carried 


Table 2 — Bthnibin Content of the Bile m the Gallbladder (Concentrations of 
Less Than Two Hundred Milligrams per Liter) 
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total amount of bile was studied Later, bile with a different concen- 
tration of pigment was introduced, and the same procedure was carried 
out For each animal bile with a concentration of over 200 mg per 
liter and bile with a concentration of less than 200 mg per liter were 


Table 4 — Bthrnbm Content of the Bile m the Gallhladdei * 
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absorption is greater when the concentration of bilirubin is less than 
200 mg per liter 

EXPERIMENTAL STUDY OF UROBILIN 

Many investigators have studied bilirubin, but I know of no one 
who has studied the absorption of urobilin by the gallbladder 

In the aforementioned experiments a dose of urobilin was also given 
In some cases when the concentiation of urobilin was too low a certain 
amount of ciystalhzed uiobilin was added Tables 5 and 6 show the 
results obtained, which piove that there is considerable absorption of 
urobilin by the gallbladder, with averages of — 50 2 and — 48 4 per 
cent, respectively The values were much higher than those obtained 
for bilirubin 

Table 6 — Urobthn Content of the Bile in the Gallbladder 


Introduced Bile Removed Bile 

« , , A 

Urobilin Urobilin 


Time , •- » , ^ — V , Difference 

A_ IV.fo' riAr "KKer rvnr 


Dog Weight, 
No Kg 


Cc 

Mg per 
Liter 

Mg 

Cc 

Mg per 
Liter 

Mg 

A. 

Mg 

% 

s 

13 5 

7 

55 

15 

4 31 

OOCl 

4 4 

C07 

0 027 

—0 037 

—57 8 

47 

18 0 

6 

30 

20 

3 87 

0 077 

12 0 

4 31 

0 051 

—0 026 

—33 7 

12 

19 0 

8 


18 

3 3G 

OOCO 

02 

2 85 

0 026 

—0 034 

—56 6 

1C 

12 5 

5 

45 

13 

2 57 

0 033 

04 

2 75 

OOlC 

—0 017 

—515 

18 

30 0 

7 

20 

22 

4 38 

0101 

131 

4 31 

0 036 

—0 045 

—44 5 

24 

27 0 

7 


20 

117 

0 028 

110 

009 

0 011 

-0 017 

—607 

27 

24 0 

7 

30 

23 

150 

0037 

13 0 

1 CO 

0 022 

—0 015 

—40 5 

31 

250 

8 


20 

0 94 

0 018 

03 

102 

0 008 

-0 010 

—55 5 

35 

16 2 

5 

15 

15 

1 48 

0022 

78 

159 

0 012 

—0 010 

— 45 4 

38 

19 0 

6 

10 

20 

1 73 

0 034 

10 7 

1 OS 

0 021 

—0 013 

—38 4 


Average —48 4 


PATHOLOGIC CONDITIONS STUDIED BY DUODENAL 
DRAINAGE IN MAN 

A study was also made of patients with cholecystitis, either with or 
without calculi The results of duodenal drainage in 70 cases were 
compiled , these included only the cases m which evacuation of the gall- 
bladder was carried out, that is, those in which B bile was obtained 
The cases are divided m three groups m accordance with the proportion 
of pigments in A and B biles 

In the first group of cases the pigments were in normal proportion 
In 41 of the 70 cases (table 7) there was no difference with respect to 
the amount of pigments The ratio of the coefficient of increase of 
bilirubin to the coefficient of increase of urobilin was definitely more 
than 1 , it varied between 1 3 and 8 7, with an average of 2 7 

In the second group of cases the variations in the increases of the 
urobilin and bilirubin were nearly the same for A and B biles In 17 
cases (table 8) the coefficient of pigmentary increase for B bile was 
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practically the same for bilnubin and urobilin, in other words, the ratio 
was 1 or almost 1 

In the third group the increase of urobilin in B bile was greater than 
the increase of bilirubin In 12 cases the coefficient of increase of 

Table 7 — Not mal Proportions of Pigments in Bile of Patients with 
Lesions of the Biliaiy Tiact 


Blhrabin Urobllia Ratio ol 




A Bile, 

B Bile, 

Coeffi 

A Bile, 

1 

B Bile, 

■ s Bilirubia 

Coeffl- Increase to 

Case 

Mg per 

Mg per eicnt of 

Mg per 

Mg per 

cient of 

Urobilin 

No 


Liter 

Liter 

Increase 

Liter 

Liter 

Increase 

Increase 

20 

Nonlithiasic cholecystitis 

20 0 

115 

57 

034 

0 81 

24 

23 

27 

Nonllthiasic cholecystitis 

18 0 

167 

92 

1 69 

368 

19 

48 

28 

Oholehthiasls 

18 0 

250 

13 8 

0 81 

6 07 

75 

18 

29 

Nonllthiasic cholecystitis 

62 0 

81 

13 

189 

1 53 

—08 

2 5 

80 

Cholelithiasis 

10 0 

393 

393 

084 

12 00 

14 3 

27 

31 

Nonllthiasic cholecystitis 

GOO 

146 

24 

6 07 

9 65 

1 5 

16 

32 

Nonllthiasic cholecystitis 

18 0 

87 

31 

0 34 

058 

17 

18 

33 

Nonllthiasic cholecystitis 

62 0 

236 

38 

0 81 

0 69 

—08 

42 

34 

Nonllthiasic cholecystitis 

100 0 

212 

21 

085 

112 

13 

10 

35 

Nonllthiasic cholecystitis 

63 7 

218 

34 

112 

2 85 

26 

13 

30 

Nonllthiasic cholecystitis 

218 0 

406 

18 

1 SO 

2 49 

1 3 

13 

37 

Nonllthiasic cholecystitis 

22 0 

204 

92 

0 58 

088 

16 

67 

38 

Oholeglardiasis 

22 0 

455 

206 

0 34 

368 

10 8 

19 

39 

Nonlithiasic cholecystitis 

100 0 

450 

4 5 

140 

488 

36 

13 

40 

Appendicitis, cholecystitis 

375 0 

755 

20 

105 

140 

13 

15 

41 

Cholecystitis 

280 

200 

71 

0 34 

004 

20 

35 

42 

Cholecystitis 

87 0 

262 

30 

129 

189 

14 

21 

43 

Cholecystitis 

16 0 

100 

62 

0 38 

0 69 

18 

84 

44 

Cholelithiasis 

10 0 

45 

45 

0 59 

182 

31 

1 4 

45 

Cholecystitis 

35 0 

85 

24 

0 97 

123 

12 

20 

46 

Cholecystitis 

72 0 

1,000 

13 8 

0 48 

185 

39 

35 

47 

Cholollthnsis 

57 0 

337 

59 

081 

189 

23 

25 

48 

Cholelithiasis 

68 0 

237 

34 

0 85 

210 

24 

14 

49 

Cholecystitis 

15 0 

105 

70 

0 34 

133 

39 

17 

60 

Cholelithiasis 

80 0 

670 

83 

189 

210 

11 

7 6 

61 

Cholecystitis 

300 0 

750 

25 

9 06 

12 04 

13 

1 9 

62 

Cholelithiasis 

22 0 

86 

3 9 

0 47 

0 99 

21 

18 

63 

Cholecystitis 

13 0 

262 

201 

0 46 

107 

23 

87 

64 

Cholecystitis 

830 

850 

10 2 

0 99 

3 68 

37 

27 

55 

Cholecystitis 

20 0 

85 

42 

111 

210 

18 

23 

66 

Cholecystitis 

110 0 

185 

16 

40S 

4 88 

11 

1 4 

57 

Cholecystitis 

15 0 

62 

41 

0 81 

0 89 

1 1 

37 

68 

Cholecystitis 

55 0 

160 

29 

2 57 

488 

18 

1 5 

69 

Cholecystitis 

25 0 

60 

24 

0 81 

140 

17 

14 

60 

Cholecystitis 

10 0 

115 

11 5 

1 76 

5 22 

29 

39 

61 

Cholecystitis 

50 0 

95 

1 9 

0 34 

0 46 

1 3 

14 

62 

Cholecystitis 

300 

75 

26 

081 

1 53 

18 

13 

63 

Cholecystitis 

35 0 

100 

28 

0 69 

0 89 

1 3 

21 

64 

Cholecystitis 

20 0 

75 

37 

0 81 

1 20 

1 4 

26 

65 

Cholecystitis 

212 

362 

17 0 

0 38 

0 81 

21 

81 

66 

Cholecystitis 

62 5 

150 

24 

0 81 

0 69 

—08 

32 
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urobilin was larger than that of bilirubin In these cases the ratio 
was, of course, less than 1 This value is smaller the larger the increase 
of uiobilm with respect to the increase of bilirubin (table 9) 



Table 8 — Data for Pafteiiis with Cholecystitis Who Showed a Similar Concen- 
tration of Bilirubin and Urobilin in A and B Biles 





Bilirubin 



Urobilin 

K 

1 

Ratio of 

Case 

A Bile, BBile, 
Mg per Mg per 

Coeffl 
went of 

'a Bile, 
Mg per 

B Bile, 
Mg per 

CoefQ Increase to 
cientof Urobilin 

No 

Condition 

liiter 

Iiiter 

Increase 

Biter 

Biter 

Increase Increase 

67 

Cholelithiasis 

137 0 

175 

13 

187 

2 49 

13 

10 

63 

Cholecystitis 

63 0 

103 

15 

106 

2.49 

15 

10 

69 

Cirrhotic jaundice 

380 

68 

17 

0 46 

0 62 

17 

10 

70 

Cholecystitis 

62 0 

102 

16 

109 

296 

17 

094 

71 

Cholecystitis 

259 0 

891 

34 

090 

3 21 

35 

097 

72 

Cholecystitis 

930 

193 

21 

0 40 

099 

21 

10 

73 

Cholecystitis 

40 0 

135 

34 

0 94 

3 30 

35 

097 

74 

Nonlithiasic cholecystitis 

72 0 

400 

55 

129 

600 

51 

107 

75 

Nonlithiasie cholecystitis 

53 0 

115 

21 

0 81 

1 53 

19 

110 

76 

Nonlithiasic cholecystitis 

15 0 

75 

50 

034 

1 53 

45 

111 

77 

Cholecystitis 

12 0 

120 

10 0 

0 51 

483 

95 

104 

78 

Cholelithiasis 

50 0 

141 

28 

0 09 

210 

30 

093 

79 

Nonlithiasic cholecystitis 

210 

56 

26 

034 

089 

28 

093 

SO 

Nonlithiasic cholecystitis 

125 0 

340 

27 

1 25 

sm 

29 

093 

81 

Angiocholecystitis 

310 

87 

28 

058 

1 69 

29 

096 

82 

Cholecystitis 

15 0 

45 

30 

088 

129 

38 

0 91 

83 

Cholelithiasis 

12 4 

74 

59 

1 53 

805 

5 2 

113 


Table 9 — Data for Patients with Cholecystitis Who Showed a Greatei Increase 
of Urobilin ovei Bilirubin in B Bile Than in A Bile 




Bilirubin 



Urobilin 

1 


Ratio of 
Bilirubin 
□crease to 
Urobilin 

Case 

A Bile, BBile, Coelll 
5Ig per Jig per cient of 

A Bile, 
Mg per 

B Bile, 
Mg per 

Coelll i: 
cicnt of 

No 

Condition 

Biter Biter 

Increase 

Biter 

Biter 

Increase 

Increase 

84 

Nonlithiasic cholecystitis 

15 32 0 

21 

058 

176 

30 

07 

85 

Nonlithiasic cholecystitis 

22 65 0 

29 

058 

2 49 

4 2 

0 07 

80 

Nonlithiasic cholecystitis 

00 900 

15 

0 81 

SOS 

4 5 

03 

87 

Cholecystitis, pericholecyst 
itis 

15 320 

21 

0 34 

0 82 

24 

0.8 

88 

Nonlithiasic cholecystitis 

38 156 0 

4 1 

129 

6 07 

47 

08 

89 

Cholelithiasis 

32 120 0 

35 

112 

607 

54 

06 

90 

Nonlithiasic cholecystitis 

67 137 0 

20 

1 12 

488 

43 

0 46 

91 

Nonlithiasic cholecystitis 

23 50 0 

22 

0 75 

3 68 

47 

0 46 

92 

Cholelithiasis 

30 700 

23 

112 

296 

26 

083 

93 

Cholecystitis 

74 155 0 

21 

0 94 

2 75 

29 

0 72 

94 

Cholecystitis 

05 123 5 

1 9 

0 46 

1 02 

22 

086 

95 

Cholecystitis 

05 140 0 

21 

1 05 

488 

46 

0 47 


Table 10 — Pigments in Bile Obtained After Cholecystectomy 


Hours 

Bilirubin, 

Mg per Cc 

Urobilin, 

Mg per Cc 

Ratio of Bilirubin 
to Urobilin 

9 

24 

0 005 

480 

11 

1.2 

0 0003 

1,500 

2,000 

13 

1 2 

00006 


1 1 

0 00072 

1,666 

17 

1 2 

0 00066 

1,818 

20 

09 

0 0009 

1,000 

7 

08 

0 00072 

1,111 

9 

11 

0 00062 

1,935 


Table 11 — Concentration of Urobilin and Bilinibm When Cecal Material Was 

Introduced into the Gallbladder 






Bilirubin 



Urobilin 

A 


Bog 

Weight, 

Time 

1 

Intro- 

duced 

Removed, 

Differ 

ence, 

% 

Intro- 

duced, 

Removed, 

Differ 

ence, 

% 

No 

Kg 

Hr Min 

Mg 

Mg 

Mg 

Mg 

74 

12 8 

3 40 

1 S3 

1 69 

—101 

018 

0 29 

-!-611 

■f2l4 

76 

15 5 

4 10 

409 

363 

—10 0 

0^ 

034 


14 0 

2 55 

390 

3 64 

— 66 

0 37 

0 46 

-i-24 3 

79 

14 5 

3 45 

127 

112 

—110 

0 22 

0 31 

4*40 9 
■4“35 5 

80 

16 0 

3 55 

1 70 

162 

— 4 7 

0 45 

0 61 


454 




ROYER— CONTENT OF BILE 


455 


COMMENT 

Of the aforementioned groups of cases m which duodenal drainage 
was carried out, the most interesting was no doubt the third group, m 
which the concentration of urobilin was increased more than that of 
bilirubin As it is known that the absorption through the wall of the 
gallbladder is higher for urobilin than it is for bilirubin, one is com- 
pelled to admit that in order for this to occur there must be local pro- 
duction of urobilin This production can occur only at the expense 
of bilirubin, surely in much the same way as stercobihn is formed m 
the intestine, that is, by bacteiial action It must be remembeied that 
no one has ever demonstrated the formation of urobilin experimentally 
in the body apart from this bacterial action Then, m order to accept 
the theory of local formation of urobilin m the gallbladder, there must 
be bacteria in the bile The patients with this t}pe of bile therefore 
have cholecystitis 

The second group of patients had bile of a type intermediate between 
the noimal and the obviously pathologic To explain the fact that the 
increase m the uiobilm concentiation was equal to the increase in the 
bilirubin concentiation, the theory of local formation of urobilin must 
again be accepted The considerable absorption of urobilin by the wall 
of the gallbladder with lespect to that of bilirubin must be compensated 
for by the formation of the same amount as is absoibed in Older that 
the coefficients of increase may remain the same Again, one must 
admit that the bile of these patients contained bacteria, and, as a con- 
sequence, the patients had cholecystitis 

In spite of the fact that it was obtained from patients with chole- 
cystitis, the bile obtained in the first group of cases did not differ fiom 
normal bile This can be explained as follows In the first place, 
theie may be inflammation of the gallbladder without the production 
of any modification in the bile contained in it Second, the bile may 
contain bactei la but not the organisms capable of transforming bilirubin 
into urobilin Thud, the bile may contain bacteria and may show 
local production of uiobilin, but the amount produced is smaller than 
the amount absorbed 

Heretofore it has been taken for granted that the ratio of bilirubin 
to urobilin m bile fiom the liver is always the same B bile may be 
considered to be the result of the mixture of hepatic bile secreted during 
a fairly long period while A bile repiesents the secretion of only a short 
period As I pointed out in 1933, the relation between the two pig- 
ments IS not always the same In a case in which cholecystectomy was 
perfoimed the lesults (shown in table 10) indicated a considerable 
variation in the bilirubin-urobilin ratio In spite of the great absorption 
of urobilin by the wall of the gallbladdei , however, information derived 
from study of the pigment is of gieat importance 
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In an attempt to leproduce experimentally the formation of urobilin 
m the gallbladder, a series of experiments was carried out on dogs with 
the aforementioned technic The only diffei ence was that when bile was 
introduced into the gallbladder, several drops of cecal content was also 
introduced The cecal content was obtained from the same animal by 
puncture of the cecum with a laige needle After several hours the 
animal was killed, and an examination similar to that already described 
was made The results recorded in table 11 show clearly that m these 
animals a certain amount of urobilin was produced in the gallbladder 
and that it could have come only from the bilirubin 

SUMMARY 

The concentiations of bihiubin and uiobihn are higher m B bile 
than m A bile 

The inciease in concentration of urobilin is noimall}- lower than that 
of the bilirubin This is due to the fact that only a small amount of 
bilirubin is absorbed b}^ the vail of the gallbladder, while urobilin is 
absoibed in suiprisingl}'- large amounts 

In a certain number of cases of cholecystitis (41 4 per cent of our 
cases) the production of uiobihn m the gallbladder can be observed 
This fact explains why the ratio of increase of bilirubin to increase of 
urobilin is lower than the normal latio Data in this regard can be of 
use in making a diffeiential diagnosis of inflammation of the gall- 
bladdei 
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The term “cardiac cirrhosis” is used to denote various conditions 
According to some authors, the term signifies any type of hepatic fibrosis 
occurring in a patient with cardiac disease, to others it signifies that 
the hepatic fibrosis is due to congestive failure, while some authors 
reserve the application of the term for cases in which cirrhosis of the 
liver due to congestive failure is responsible foi clinical manifestations 
of portal obstruction, such as recurrent ascites or splenomegaly Thus, 
the varied usages of the term imply (1) a simple coexistence of hepatic 
fibrosis and cardiac disease, (2) a causal interrelation between the two 
anatomic conditions or (3) a causal morphologic interrelation which 
results m clinical manifestations of poital obstruction ^ 

These different connotations of the term have been responsible m 
part for the conflicting statements in the literature There has also 
been considerable discussion as to the site and nature of the fibiosis 
in the liver, certain authors have stated that the apparent fibrosis 
represents only a simple condensation of reticular fibers almost always 
confined to the centers of the lobules, and other investigators have 
attributed the changes to active proliferation of fibroblasts Confronted 
in certain cases of congestive failure with the question of the presence 
of cardiac cirrhosis and with a paucity of pertinent available informa- 
tion, we undertook the following investigation of an unselected senes 

This investigation was aided by a grant from the DeLamar Mobile Research 
Fund 

Presented in abstract before a meeting of the American Clinical and Climato- 
logical Association, May 3, 1938 

From the Medical Research Laboratories of the Beth Israel Hospital and 
from the Department of Medicine, Harvard Medical School 

1 Gerlach, W Die Klreislaufstorungen der Leber, in Henke, F, and 
Lubarsch, O Handbuch der speziellen pathologischen Anatomie und Histologie, 
Berlin, Julius Springer, 1930, vol 5, pt 1, p 71 Roessle, R Entzundungen der 
Leber, ibid , p 243 
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of consecutive cases in which autopsy was done in order to learn* 
(1) the incidence of hepatic fibiosis in all cases of congestive heart 
failure, (2) the types and degrees of hepatic fibrosis in cases of con- 
gestive failure of varying duration, (3) the difference between these 
findings and those in cases in which there is no congestive failure, and 
(4) the incidence of hepatic fibiosis in cases of congestive failure com- 
pai ed with that in patients with disease of the biliary tract 

Such a compaiison of the incidence and degrees of the various 
types of hepatic fibrosis in caidiac and noncardiac pathologic conditions 
should indicate the significance of congestive failure as a factor in the 
causation of cirrhosis of the Iner 

Table 1 — Incidence of Fibiosis of the Livei in Two Thousand Unsclected Cases 




Degree of Plbrosis 

Total 

Type of 

r~ 


i 

^ 

No of 

Tibrosis 

Nature of Disease 

+ 

++ 

++ + 

Cases 

Portal* 

Chronic passim c congestion 

20 

5 

6 

40 


Disease of the biliary tract 

SI 

1 

C 

38 


Doth chronic passive congestion and 






disease of the biliary tract 

5 

2 

1 

8 


Neither 

SO 

ID 

27 

126 

Central 

Chrome passhe congestion 

13 

9 

2 

24 


Both chronic passne congestion and 






disease of the biliary tract 

1 

1 

0 

2 

Combined portal 

Chronic passive congestion 

7 

C 

1 

14 

and central 

Disease of the biliary tract 

1 

0 

0 

1 


Both chronic passiye congestion and 






disease of the biliary tract 

1 

1 

1 

3 

Biliary 

Disease of the biliary tract 

23 

10 

4 

37 


Both chronic passiyc congestion and 






disease of tlie biliary tract 

0 

2 

0 

2 

Diffuse 

Chronic passive congestion 

1 

0 

1 

2 


Disease of the biliary tract 

0 

2 

o 

4 


Neither 

0 

2 

0 

2 


803 


* since slight Increnscs In fibrous ti'suo in the portal areas cannot be detected with abso 
lute certainty, only those livers with definite decrees of fibrosis In these areas arc Included 


METHODS 

Two thousand consecutive autops}’' protocols were examined, and 
the following four groups of cases were selected for further study 
in order to ascertain the interrelation of chionic passive congestion, 
hepatic fibiosis and certain other possible factors in the production of 
an increase of connective tissue in the hvei Cases of chronic passive 
congestion, cases of disease of the biliary tract, cases in which both 
conditions weie present and cases in which neither condition was 
present weie studied as four separate groups Patients were considered 
to have had chronic passive congestion only if definite edema of the 
dependent parts had been present Patients were considered to have 
had disease of the biliary tiact if there was postmortem evidence of 
chronic cholecystitis, cholelithiasis, caicmoma of the ducts, obstructing 
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carcinoma of the head of the pancreas or of the gallbladder or infection 
of the biliar}' tract 

The incidence of fibrosis in each of the four gioups was ascertained 
in the following manner Cases in which, according to the postmortem 
protocol, there was a definite increase in fibrous tissue were selected 
for fuithei study In each instance the microscopic examination was 
repeated m older to verify the finding of increased fibrous tissue, and 
if the increase was questionable the case was discarded from this 
category For this reason approximately one quarter of the cases in 
which the presence of periportal fibrosis had been recorded were 
excluded Since no case in which the pathologist had not observed 
increased hepatic fibrosis was included in this group, any error involved 
in the method would lead to too low rather than too high a percentage 
As a final check on the accuracy of the estimates, slides of liver tissue 
classified as (1) normal and (2) showing increased fibrosis (particu- 
larly specimens m which the fibrosis was charactenzed as 1 plus) were 
reexamined by anothei method At the suggestion of Dr Monroe 
Schlesinger a group of such slides was taken, six arbitrary areas were 
marked, and an observer unacquainted with the classification of the 
cases estimated the percentage of each field occupied by central and by 
periportal fibrosis The results were m accord with those previously 
recorded 

The microscopic pathologic changes in all cases in which increased 
hepatic fibrosis was found were classified according to five general types 
(1) periportal fibrosis, (2) biliary fibrosis, (3) central fibrosis, (4) 
patchy or diffuse fibiosis and (5) combined portal and central fibrosis 
The teim biliary cinhosis was applied only to specimens showing pro- 
liferation of the bile ducts, inflammatory cells and fibrosis about the 
bile ducts (Some of the specimens classified as showing periportal 
fibrosis may conceivably have been representative of the end stage of 
biliary cirrhosis They lacked, howevei, one important criteiion for 
this diagnosis, namely, inflammatory cells ) Each of these types of 
fibrosis was subdivided into groups accoidmg to the degree of pathologic 
change Slight degiees of increase in central fibrous tissue signified 
any fibrosis around the cential vein which clearly could not be ascribed 
to condensation of the reticulum For practically all the specimens 
aniline blue connective tissue stain was used, and if this disclosed 
collagen fibi ils pathologic fibrosis was considered to be present Because 
of the normal variation in the amount of periportal connective tissue, 
paiticularly the increase usually found in old persons, only instances in 
which the increase was unquestionable were included In any given 
case the degree of increase represents the areiage finding in several 
slides, in some fields the inciease in fibrous tissue A\as less than the 
average, in others, it was greater The same considerations apply to 
specimens classified as showing 2 plus or 3 plus fibrosis The 3 plus 
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group included specimens in which more than half of the parenchyma 
was replaced by fibrous tissue and the liver showed gross pathologic 
change, such as hobnailed surface, atrophy or the appearance of hepar 
lobatum Of the specimens showing periportal involvement, 40 showed 
advanced portal, or Laennec’s, cirrhosis The group designated as 2 plus 
showed intermediate degrees of increase in eithei central or periportal 
fibrosis, the connective tissue extended out into the parenchyma of the 
lobules 

RESULTS 

The ages of all patients with increase in the various types of 
fibrosis was ascertained, it was found that the fibrosis could not be 



Fig 1 — Relation between the duration of congestive failure and the incidence 
of increased hepatic fibrosis It is shown that the longer the duration of congestive 
failure, the higher the incidence of increased hepatic fibrosis 

attiibuted to the aging process Of the 2,000 cases theie was unques- 
tionable increase of connective tissue in the hvei in 303, or 15 pei cent, 
the average age of the patients m this group was 56 years 

1 The first group consisted of cases in which a diagnosis of chronic 
congestive heart failuie was made ante mortem Of the 2,000 cases, 
286, 01 14 3 per cent, were in this group The average age of the 
286 patients at death was 50 3 yeai s, as compared with the avei age 
of 50 5 years for the entire group The duration of heart failure, 
ascertained as accurately as possible from the clinical histones, was 
divided into several periods, and the number of cases in each period 
was plotted (fig 1) Of the 286 cases of chronic passive congestion. 
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increased hepatic fibrous tissue was found in 95, oi 33 pei cent (table 2). 
A study was made of this group of 95 cases to ascertain the following 
facts (1) the type and degree of fibrosis (table 2) , (2) the relation 
between the incidence of fibrosis and the duration of congestive failure 
(fig 1) , (3) the relation between the degree of fibrosis and the 
duration of congestive failure (fig 2), and (4) the incidence of ascites, 
anemia and jaundice (table 3) 


Table 2 — Types and Degices of Pathologic Inaeasc of Connective Tissue m the 
Livei VI Two Hundred and Etghly-Siv Cases of Chrome 
Congestive Hcait Failme 




Degree of Fibrosis 


Total 

No of 
Oases 

Type of Tibrosis 

f 

+ 

+ 4- 

J. + 4- 

Portal 

34 

7 

7* 

48 

Central 

14 

10 

2 

20 

Combined portal and central 

8 

7 

2 

17 

Biharj 

0 

2 

0 

2 

Diffuse 

1 

0 

1 

2 





9o 

* The appearance of the liver in 
that seen in Laennec's cirrhosis 

these 7 cases 

of extreme portal 

fibrosis was 

typical of 


Table 3 — Comparison of Incidence of Ascites, Jaundice and Anemia in All Cases 
of Chionic Passive Congestion with That in Cases of Chronic 
Passive Congestion Plus Hepatic Ftbiosis 



A Cases of Chronic 

B All Cases of 


Passive Congestion Plus 

Chronic Passive 


Hepatic Fibrosis, 

Congestion, 


Percentage 

Percentage 

Ascites* 

59 

60 

Jaundice 

20 

IG 

Anemlat 

14 

18 


* Ascites was considered present when 50 cc or more of fluid was found in tbe peritonea) 
cavity at postmortem cs-amination 

t Anemia was considered present when the red blood cell count was less than 4,000,000 per 
cubic mliiimeter or the hemoglobin value was CO per cent or less 

It was appal ent that the incidence of fibrosis was higher in cases 
of chronic passive congestion than in the entire unselected senes, 
consequently it became of interest to asceitain whether minimal changes 
in the liver weie largely responsible for this difference As is shown 
111 figure 3, the distribution of the various degrees of fibrosis was 
approximately the same The piesence or absence of anemia, jaundice 
or ascites was ascertained in the 286 cases of chronic passive congestion 
in Older to leain the frequency vith which these signs were present 
(table 3) 

2 The second group consisted of cases in w Inch there w as postmortem 
evidence of disease of the biliary tract Three hundred and eighty- 





- DURATfON of FAILURE 

Fig 2 — Relation between the incidence of the various grades of cirrhosis and 
the duration of congestive failure It is shown that the longer the duration of 
congestive failure, the greater the proportion of the more severe grades of cirrhosis 
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Fig 3 — Incidence of various degrees of fibrosis It is shown that the increased 
incidence of hepatic fibrosis in cases of congestive failure is not due to a pre- 
ponderance of minimal degrees of fibrosis 
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seven cases, or 19 4 per cent of the 2,000, '\\ere in this categor} , the 
average age of the patients in this group at the time of death uas 
60 years In 95 cases there was a definite increase in connectn e tissue , 
the incidence of increased fibrosis was 24 per cent 

3 The third group consisted of cases in which increased hepatic 
fibrosis was found in the absence of both chronic passive congestion and 
disease of the biliary tract One hundred and twenty-eight cases weie 
in this category 

From the foregoing data, the extent to which fibrosis of the liver 
could be correlated with chronic passive congestion of the heart and 
also with disease of the biliary tract was ascertained The incidence 
of increased hepatic fibrosis in the cases of chronic passive congestion 
was 33 per cent, as compared with an incidence of 12 per cent in the 
1,714 cases in which congestive failure was absent The difterence 
between the two incidences of 33 per cent and 12 per cent is 21 per 
cent, and the standaid error of this diffeience is 2 9, the difference is 
theiefore convincing In 15 cases in which fibiosis was found, pathologic 
conditions of the biliaiy tract and chronic passive congestion coexisted 
It might be argued that the pathologic condition of the biliary tract 
was responsible for fibrosis of the liver m these cases and for the 
high incidence of fibrosis in the cases of chionic passive congestion 
If, however, these 15 cases are excluded, hepatic fibrosis which could 
not be ascribed to disease of the biliary tiact was found m 28 per cent 
of the remaining cases of chronic passive congestion, an incidence 
almost equally significant 

COMMENT 

Of the 286 cases in which death was due to congestive heart failure, 
increased hepatic fibious tissue was found in one third, which was 
approximately three times the incidence found in the remaining 1,714 
cases in which congestive failure was absent The incidence of the 
various degrees of fibrosis was, in general, similar m both groups of cases 
(fig 3) Further, the incidence of fibrosis in cases of chronic passive 
congestion increased with the duration of congestive failure, and the 
more severe grades were found in cases in which the illness was of 
longest duration Thus, the causal significance of chronic passive con- 
gestion in the production of hepatic fibrosis was emphasized by the 
increasing incidence and severity of the fibrosis with increasing duration 
of congestive heart failure (figs 1 and 2) The only type of increase of 
fibrous tissue peculiar to this group of cases of cardiac decompensation 
was central fibrosis, for, with a single exception, no instance of cential 
fibrosis was found among the 1,714 cases in nhich autopsy failed to 
disclose congestive failure 
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It should be noted that other types of fibrosis were also observed in 
the cases of chronic passive congestion Indeed, the incidence of each 
of the various kinds of fibrosis (except biliary fibrosis) was higher in 
the cases of congestive failuie than m the remaining 1,714 Of par- 
ticular interest was the finding of increased periportal connective tissue 
in 23 per cent of the 286 cases of congestive failure, as compared with 
9 per cent of the 1,714 cases in which chronic passive congestion was 
absent The occurrence of only 2 instances of biliary cirrhosis in the 
entire group of cases of chronic passive congestion indicates the absence 
of any etiologic relation between these two conditions, 2 cases being 
within the expected incidence in 95 random autopsies 



Fig 4 — Photomicrograph of a section of the liver Just above the center is 
shown an enlarged portal space, with a definite increase in fibrous tissue, some 
round cell infiltration and extensions of fibrous tissue into the liver substance 
At the lower edge of the center there is another portal space with no fibrotic 
increase Two central veins may be seen, one on either side, each surrounded by 
a small, dense ring of fibrous tissue A third central vein, at the lower left corner, 
shows a thin ring of fibrosis, which stands out with the aniline blue stain At 
the time of death there was no necrosis about the central veins This condition 
was tabulated as portal fibrosis 1 plus, central fibrosis 1 plus 


Since it IS commonly accepted that disease of the biliary tract is an 
important cause of hepatic fibrosis, it was of interest to learn that con- 
gestive failure is of comparable etiologic significance 

In addition to the 48 cases of congestive failure in which theie was 
only portal fibrosis and the 26 cases in which there was only central 
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fibrosis, central and portal fibrosis coexisted m 18 instances and were 
associated with congestive heart failure in all but a single case This 
suggests that chronic passive congestion, with resulting anoxemia, may 
increase the susceptibility of the hepatic tissue to injury in the portal 
as well as in the cential aiea In the process of classification, when the 
increase in portal connective tissue was questionable or when the fibrosis 
was confined to one area in the liver, the specimen w^as not classified as 
showing portal fibrosis The incidence of portal fibrosis in this series 
IS therefore of increased significance In 7 cases the severe form of 
portal cirrhosis, or Laennec’s cirrhosis, was piesent That more 



Fig S — Photomicrograph of a section of the liver Two dilated central veins 
are seen, with destruction of liver cells and hemorrhage extending from one to 
another There is a ring of dense fibrous tissue about each of the central veins, 
clearly demarcated by the aniline blue stain Two normal portal spaces are seen, 
one in the center on the bottom of the photograph, the other to the right of the 
larger central vein Loss of liver parenchyma is marked in central areas, and 
there is a sharp separation fiom the relatively unaffected portal areas The 
condition was tabulated as central fibrosis 3 plus 

instances of this advanced form were not found may tvell be due to the 
relatively short duration of life once congestive failure of severe enough 
degree to cause hepatic damage has occurred The characteristics of 
portal cnrhosis in cases of congestne failure are not peculiar 
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Our findings are in accord with those of Piery,^ who concluded that 
stasis of blood predisposes the livei to cirrhosis by the action of toxins 
and inflammatory processes The work of Bolton ® is of interest in this 
connection He produced passive venous congestion of the liver experi- 
mentally and observed not only widespread degeneration of the liver 
cells about the central hepatic veins, but an “inflammatory infiltration of 
the portal canals leading to some degree of cirrhosis ” Lambert and 
Allison,^ however, concluded that chronic passive congestion never leads 
to the development of cirrhosis of the usual portal or nodular type 
They found an active new growth of connective tissue m only 2 of 112 













Fig 6 — Photomicrograph of a section of the liver There are three portal 
spaces, one in each upper corner and one in the lower left corner These show a 
definite increase in fibrous tissue, with proliferation of the bile ducts and extensions 
of connective tissue into the surrounding parenchyma The central vein in the 
right lower corner is surrounded by a ring of connective tissue, with fibrils 
extending out into the liver parenchyma Areas of congestion and hemorrhage 
are not sharply outlined This condition was classified as portal fibrosis 2 plus, 
central fibrosis 2 plus 


2 Piery, M Pathogenie de la cirrhose cardiaque Stase sanguine et sclerose 
du foie, etude chnique et anatomopathologique, Aich gen de med 4 582 and 714, 
1900 

3 Bolton, C The Pathological Changes in the Liver Resulting from Passive 
Venous Congestion Experimentally Produced, J Path & Bact 19 258, 1914 

4 Lambert, R A , and Allison, B R Types of Lesions in Chronic Passive 
Congestion of the Liver, Bull Johns Hopkins Hosp 27 350 (Dec ) 1916 
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cases of chronic passive congestion, in these 2 onl}^ the central portions 
of the lobules weie involved 

Central cirrhosis results from the growth of fibrous tissue about the 
central vein, due to organization of hemorrhage or to metabolic changes 
occurring as a result of repeated or prolonged anoxemia® Simple 
condensation of the reticulum about the central vein is not included in 
this diagnosis In some instances in our series the central fibrosis 
extended fiom one central area to another, demarcating the portal 
lobules, in others it extended irregularly toward the periphery and 
lesulted in an irregular scar These changes have been clearly repro- 
duced experimentally by Zimmeiman and Hillsman ® Moschcowitz 
has suggested that the increase in fibiosis in the central areas may be 
secondary to sclerosis of the central veins due to marked hepatic venous 
congestion 

In 8 cases the condition was designated “patchy or diffuse fibiosis” 
(table 1) In only 2 of these was there chronic passive congestion 
Emboli, as nell as bacteiial endocarditis® and other conditions, are 
lecognized as a cause of this type of fibrosis ® Advanced patchy fibrosis 
IS, however, usually a result of acute yellow atrophy or of syphilis, as 
in hepai lobatum 

Clinical cardiac ciirhosis signifying extreme fibrosis which clearly 
results from chionic passive congestion and which causes evidences of 
portal obstruction does occui, but is rare Of the 286 cases of congestive 
failure, there were only 15 in which there was marked (not necessarily 
predominant) ascites lequinng abdominal paiacentesis In 6 of these 
15 cases cinhosis of the type caused only by chronic passive congestion, 
namely, central fibrosis, was demonstrable at autopsy Although 
increased fibrous tissue was found in the majority of cases in which 
heait failure has existed for nine months or more, preponderant ascites 
was not necessarily present The association of anemia or jaundice 
with congestive failure was not closely correlated with the pathologic 
increase of connective tissue observed at autopsy , these factors are con- 
sequently of no value in diagnosing hepatic cirrhosis clinically Morpho- 
logic evidence of increased fibrosis of the liver was seen in all of the 6 

5 Rich, A R The Pathogenesis of the Forms of Jaundice, Bull Johns 
Hopkins Hosp 47 338 (Dec ) 1930 

6 Zimmerman, H M , and Hillsman, J A Chronic Passive Congestion of 
the Liver An Experimental Study, Arch Path 9 1154 (June) 1930 

7 Moschcowitz, E Phlebosclerosis of the Hepatic Veins as Associated with 
Chronic Passive Congestion of the Liver and Cardiac Cirrhosis Preliminary 
Report, in Contributions to the Medical Sciences in Honor of Dr Emanuel Libman, 
New York, International Press, 1932, vol 2, p 857 

8 Mallory, F B Cirrhosis of Liver (Shattuck Lecture), New England J 
kled 206 1231 (June 16) 1932 
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cases in which recurrent ascites was present and heart failure had existed 
for two years or more 

From these studies it would seem that cardiac cirrhosis signifying 
morphologic increase in connective tissue in the liver consequent to 
congestive failure is present m approximately 50 per cent of all patients 
who have had congestive failure nine months or more While central 
cirrhosis is characteristic of congestive failure and does not occur in 
patients with disease of the biliary tract, it would appear that other 
portions of the liver are also more susceptible to injury in patients with 
chionic passive congestion Thus, 48 instances of uncomplicated peri- 
portal fibrosis were encountered m the group of 286 cases of chronic 
passive congestion, which contrasts with an expectancy of only 26 cases 
if congestive failure were not a contributory factor The occurrence of 
22 additional cases m which there was definitely increased fibrosis of 
both the central and the portal areas is further evidence of an increased 
susceptibility of the portal areas to injury under such circumstances 

Excluding the cases in which there was increased connective tissue 
m both the central and the portal areas, the incidence of portal fibrosis 
m the 286 cases of congestive failure was 17 per cent, as compared 
with an incidence of central fibrosis of 9 per cent The significance of 
alcoholism “ as a contributory factor could not be accurately appraised, 
although increased consumption of alcohol was not apparent in the 
records of the patients with congestive failure 

By the foregoing evidence the meaning of the term cardiac cirrhosis 
IS clarified In the moiphologic sense of increased fibrosis being due 
to chronic passive congestion, one may state that the livers of the 
majority of patients who have suffered from even mild congestive 
failure for nine months or more show increased fibrosis, central or 
portal or both 

The determination of whether cardiac cirrhosis in the clinical sense 
•of increased fibrosis causing clinical manifestations is present must be 
based on clinical evidence If there is preponderant ascites, if there 
IS marked elevation of the venous pressure but the livei is not palpable 
and paiticularly if the spleen is palpable, clinical cardiac cirrhosis may 
be assumed to exist The reverse situation, however, was more fre- 
quently present in our series of cases The liver was enlarged and ascites 
was present In such cases, though increased fibrous tissue was present 
and the surface of the liver generally was nontender and sometimes 
somewhat irregulai, the dilatation of the sinusoids led to an increase in 
the size of the liver The liver of a patient with a condition clinically 
•diagnosed as cardiac cirrhosis may show portal or central fibrosis, singly 
or in combination, or diffuse patchy fibrosis 

9 Moon, V H Experimental Cirrhosis in Relation to Human Cirrhosis, 
Arch Path 18 381 (Sept) 1934 
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SUMMARY 

An investigation of an unselected series of 2,000 consecutive cases 
111 which autopsy was performed was undertaken in order to learn the 
incidence, types and degrees of hepatic fibrosis in cases of congestive 
failure and to make a comparison of these findings with those in cases 
in which^congestive failure was absent 

Of the 286 cases of chronic passive congestion, there was an increase 
of hepatic fibrous tissue in 95, or 33 pei cent In 1,714 cases in which 
chronic passive congestion was absent the incidence of hepatic fibrosis 
was 12 per cent The causal significance of chionic passive congestion 
in the production of hepatic fibrosis was emphasized by the increasing 
incidence and severity of the fibiosis with increasing duration of con- 
gestive heart failure The incidence of each of the various kinds of 
fibrosis except bihaiy fibrosis was higher in 286 cases of congestive 
failure than in the remaining 1,714 The only type of increase in con- 
nective tissue peculiar to the cases of cardiac decompensation was central 
fibrosis, for, with a single exception, no instance of central fibiosis was 
found in 1,714 cases in which autopsy disclosed an absence of congestive 
failure Of particular inteiest was the finding of inci eased peripoital 
connective tissue in 23 per cent of the 286 cases of congestive failure, 
as compared with an incidence of 9 per cent in the 1,714 cases in which 
chionic passive congestion was not present While central fibrosis was 
found only m cases of chronic passive congestion, portal fibrosis also 
was found in a^aiger percentage of such cases than in cases in which 
chionic passive congestion was absent This suggests that chronic 
passive congestion with resulting anoxemia, by increasing the suscepti- 
bility of the hepatic tissue, is also a contributing factor to fibrosis in the 
portal areas 

By the evidence obtained in this investigation the meaning of the term 
“cardiac cirihosis” is clarified Cardiac cirrhosis signifying morphologic 
increase in connective tissue in the liver consequent to congestive failure 
is present in the majority of patients who have suffered from even mild 
congestive failure for nine months or more , the fibrosis may be central 
or portal or both Clinical caidiac ciirhosis, signifying extreme fibrosis 
which cleaily results from chronic passive congestion and which causes 
evidences of portal obstruction, does occur, but is rare Of the 286 cases 
of congestive failure, there weie only 15 in which marked but not 
necessarily piedominant ascites required abdominal paracentesis The 
clinical diagnosis of cardiac cirrhosis can be made only rarely, since it 
must be based on the finding of preponderant ascites, a small Iner in 
spite of elevation of the venous pressure, and particularly the presence 
of a palpable spleen Not infrequently, hovever, the liver may be 
enlarged In such cases, although increased fibious tissue is present and 
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the surface of the liver is generally nonteiider and sometimes somewhat 
irregular, the dilatation of the sinusoids leads to an increase in the size 
of the liver In a patient in whose case a clinical diagnosis of cardiac 
cirrhosis has been made, one may find portal or central fibrosis, singly 
or m combination, or diffuse patchy fibrosis 

Dr Henry A Christian made it possible for us to use the records of the Peter 
Bent Brigham Hospital Dr Monroe J Schlesinger cooperated in the study of 
the pathologic material 



HEMATOLOGY OF STERNAL MARROW AND VENOUS 
BLOOD OF PREGNANT AND OF 
NONPREGNANT WOMEN 
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VANCOUVER, BRITISH COLUMBIA, CANADA 

The study of marrow obtained by sternal puncture has been in use 
at the Vancouver General Hospital since the appearance of the paper 
by Young and Osgood,^ and the method has proved of great value 
Recently, however, the problem of interpretation of the picture presented 
by the marrow of pregnant women was raised when manow was 
obtained for study from a woman aged 24 years, four months pregnant, 
with acute lead poisoning Search of the literature failed to reveal any 
figures for the sternal marrow of healthy pregnant women, and most 
of the figuies available for healthy persons w^^re based on studies 
of men only 

The studies herein reported weie undertaken with the object of 
pioviding normal standards for these groups 

MATERIAL AND METHODS OE THE VANCOUVER 
GENERAL HOSPITAL 

Subjects — Forty pregnant women attending the outpatient maternity clinic of 
the Vancouver General Hospital were studied None of these women had a past 
history suggesting a blood dyscrasia, and all of them were found by consideration 
of the history and by physical examination at the clinic to be in good health For 
comparison, studies were made on 24 healthy nonpregnant women of about the 
same age Nurses, technicians and others on the hospital staff volunteered for 
this purpose All of those selected felt themselves to be perfectly well at the time 
of examination, and most of them were found to be healthy according to the history 
and the results of physical examination The average age of the pregnant women 
was 24 years (range 17 to 34 years), and that of the nonpregnant women, 27 years 
(range 19 to 34 years) 

Methods — All methods used were those recommended b> Osgood in his “Text- 
book of Laboratory Diagnosis” - and in the “Atlas of Hematology” by Osgood and 
Ashworth ^ 

From the Vancouver General Hospital 

1 Young, R H , and Osgood, E E Sternal Afarrow Aspirated During Life 
Cytology in Health and in Disease, Arch Int Aled 55 186 (Feb ) 1935 

2 Osgood, EE A Textbook of Laboratory Diagnosis, ed 2, Philadelphia, 
P Blakiston’s Son & Co , 1935 

3 Osgood, E E , and Ashworth, C AI Atlas of Hematology, San Francisco, 
J W Stacej, Inc, 1937 
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By sternal puncture (Osgood and Ashworth, s page 205) 10 cc of marrow was 
obtained This was introduced into a tube containing 2 mg of oxalate ( Osgood, ^ 
page 393) per cubic centimeter Ten cubic centimeters of blood was obtained by 
venipuncture and introduced into oxalate On each specimen of marrow, erythrocyte 
and total nucleated cell counts, hemoglobin estimation, a differential cell count of 
500 cells in a smear stained with Wright’s stain, a reticulocyte count and determina- 
tion of the sedimentation rate were performed On the blood the same procedures 
were used except that only 200 cells were counted in the differential counts All 
of the laboratory studies were made by one of us (E A P ) with research care 
The er 3 ffhrocyte, leukocyte and total nucleated cell counts were done in duplicate 
with pipets calibrated bj' the Bureau of Standards with meticulous attention to 
detail (Osgood, 2 page 404) The hemoglobin estimations were made by the Haskins- 
Sahli method (Osgood,^ page 396) The results arc reported both in grams and 
in percentage of the normal hemoglobin coefficient for women (Osgood,^ page 420) 
The sedimentation rates were determined by the modified Westergren method 
(Osgood, 2 page 431) for use w'lth oxalated blood Reticulocyte counts were made 
by the Osgood and Wilhelm method (Osgood and Ashworth,^ page 206) Before 
the differential counts were made the slides were surveyed under lower magnifica- 
tion (Osgood and Ashworth,® page 143) to select areas for counting where the 
erythrocytes did not touch each other and where the leukocytes w'ere e\enly 
distributed If the counts from different slides did not check within reasonable 
limits, 300, and in rare instances 500, additional cells were counted on the marrow 
smears The nomenclature and the criteria of cell identification and classification 
are those given in tabular form and illustrated in the “Atlas of Hematology” by 
Osgood and Ashworth ® 

RESULTS 

The results of these studies are given m tables 1 to 11 

Limitation of space makes it necessary to exclude from the tables 
such cells as proplasmac} tes (Turk cells), plasmacytes, basophilic 
granulocytes (myeloc 3 d:es) and eosinophilic and basophilic progran- 
ulocytes (promyelocjTes), which were all piesent in numbers less than 

0 1 per cent Foi reasons of cconom} , also, eosinophilic metagranulo- 
cytes (metam 3 ^elocytes) were included with the eosinophilic granulocytes 
and the mature eosinophils with the eosinophilic rhabdocytes (staff 
cells) 

COMMENT 

It should be noted (tables 2 and 6), as Dieckmann and Wegner^ 
have shown, that the eiythroc)Te counts and hemoglobin estimations for 
pregnant women are 10 to 15 per cent lower than for healthy nonpreg- 
nant women of the same age group The erythrocyte and hemoglobin 
values for healthy nonpregnant women (tables 4 and 6) are somewhat 
lower than those reported by others ° for healthy women of this age 
group, but the series investigated was small The hemoglobin and 

4 Dieckmann, W J, and Wegner, C R The Blood in Normal Pregnancy 

1 Blood and Plasma Volumes, Arch Int Med 53 71 (Jan ) 1934 , Studies of 
the Blood in Normal Pregnancy II Hemoglobin, Hematocrit and Erythrocyte 
Determinations and Total Amount of Variations of Each, ibid 53 188 (Feb ) 1934 

5 Osgood, E E Normal Hematologic Standards, Arch Int Med 56 849 
(Nov) 1935 



Table 1 — -Values for Sternal Marrow of Healthy Pregnant Women 
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Table 2 — Values for Blood* of Healthy Pregnant Women 
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* Peripheral blood rvas used for the determinations 
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ARCHIVES OF INTERNAL MEDICINE 


men It is noteworthy that there is no decrease in any of the nucleated 
erythrocytes during pregnancy (tables 5 and 10), which indicates that 
the physiologic anemia of piegnancy is due not to decreased erythrocyte 
production but, as others have shown,"* to the increase in plasma volume 
There is even a slight increase in the leticulocyte counts duimg preg- 
nancy (tables 2 and 6), suggesting that theie may be a slightly increased 
rate of erythiocyte formation The reticulocyte counts of the blood 
of health}' nonpregnant women (tables 4 and 6 ) agree well with those 

Table 6 — Compauson of the Avciagc, Mavivuim and Mivnmim Values for 
Blood"^ in the Thiee Tiimestets of Pi egnancy and for Piegnant 
and Nonpiegnant Women 
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* Peripheral blood was used for the determinations 


reported by Osgood and Wilhelm foi a larger series It is evident 
from the differential (tables 1 and 5) and absolute (tables 7 and 9) 
counts that the steinal marrow of pregnant women is somewhat hyper- 
plastic as compared to the sternal mairow of healthy nonpregnant women 
(tables 8 and 9) but that the hypeiplasia affects all types of cells about 
equally, so that the differential counts (tables 5 and 10) are not signif- 
icantly different from those for healthy nonpregnant women The 

7 Osgood, E E , and Wilhelm, M M Reticulocytes, J Lab & Chn Med 
19 1129 1934 




Table 7 — Absolute Numbeis of Each Type of Cell per Cubic Milhmetei in Sietnal Marrow of Piegiiant Women 
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Table 8 — Absolute Nuinbas of Each Type of Cell pet Cubic Mtlliiuetei in Stcinal Maiiow of Nonpiegnant Women 
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sedimentation rates of the blood of healthy nonpregnant women (tables 
5 and 6) agree well with the values previously established,® and the 
sedimentation rates of sternal marrow (tables 1 and 5) have apparently 
not been previously determined Our results are summarized in table 11 
There seems to be a definite tendency for the sedimentation rates to be 
lower m the mariow than in the blood of the same person The reason 


Table 10 — Summaiy of Average and Range of Values foi Sternal Mauow of 
Piegnant and of Nonpieguant Women from This Study as Com- 
pared with the Not mat Range for Sternal Marrow 
as Determined by Young and Osgood i 



Normal 

Average Range (Non Average 

Range 

Average 


Range 

per Cu 

pregnant 

per (Du 

(Pregnant 

per Cu 


(Male) 

Mm 

Women) 

Mm 

Women) 

Mm 

Total nucleated cell count 

0,000 to 


7,750 to 
40,000 per 

23,100 

14,400 to 

30,700 


00,000 per 



125,000 per 


cu mm 


CU mm 


CU mm 


Granuloblasts 

00 20% 

0 44 % 

00-08% 

0 3% 

00-10% 

0 24% 

Trogranulocytes, type A 

00-50 

143 

01 22 

10 

00 23 

093 

Progranulocytes, type S 

00 50 

ICS 

00-14 

05 

00-28 

082 

Eosinophilic granulocjtcs 

00 20 

064 

00-15 

05 

00 26 

0 40 

Neutrophilic granulocytes 

0 0 10 0 

0 80 

1 4 -11 0 

00 

1 2 -12 5 

025 

Neutrophilic mctagranuloci tes 

10 10 0 

74 

14-04 

50 

10-90 

5 46 

Rhabdocytes 

15 0 35 0 

241 

12 4 34 2 

237 

15 2 47 0 

333 

Lobocytes 

7 0 25 0 

13 3 

10 4 310 

10 0 

1 6 -37 6 

15 7 

Eosinophils 

00-26 

08 

02-60 

13 

00-60 

OSS 

Basophils 

00-02 

01 

00-08 

03 

00-10 

02 

Lymphocytes 

4 0 10 0 

10 6 

0 2 30 4 

10 8 

4 5 280 

12 7 

Monocytes 

00 50 

200 

00 36 

14 

00 SO 

077 

Karyoblasts 

00-02 


00 04 

01 

00-10 

017 

Rrokaryocytes 

00-50 

1 5 

00 4 0 

25 

03-62 

237 

Karyocytes 

20 160 

70 

13-80 

50 

0 3 13 0 

4 3 

MetaLaryocytes 

20 100 

60 

04 32 

10 

02 70 

220 

Disintegrated cells 

12 8 31 8 

20 8 

105 2)0 

10 2 

5 5 23 0 

12 93 


Table 11 — Comparison of Sedimentation Rates of Blood and of Sternal Marrozv 
m the Three Tiimestcis of Ptegnancy and foi Nonpregnant Women 



Trimester 1 

Trimester 2 

Trimester 3 

Nonpregnant 

A 


Blood 

Sternal 

Marrow 

Blood 

Sternal 

Marrow 

Blood 

Sternal 

Marrow 

Blood 

Sternal 

Marrow 

Minimum 

Maximum 

Average 

1/0 

8/38 

2/14 

0/1 

6/25 

2/9 

1/0 

10/52 

5/29 

0/1 

8/41 

3/17 

2/13 

16/65 

7/30 

0/2 

12/50 

4/24 

0/2 

6/38 

1/S 

0/0 
4/35 * 
114 


for this IS not apparent Possibly it has to do with the protein-forming 
function of marrow cells 

SUMMARY 

A study of the hematology of the blood and sternal marrow of 40 
pregnant and 24 healthy nonpregnant women is summarized in the 
tables The ranges of values given m table 10 should prove useful in 
interpreting the results of studies of the marrow of pregnant and non- 
pregnant young women 

8 Haskins, H D , Trotman, F E , Osgood, E E , and Mathieu, A A Rapid 
Method for Determination of the Sedimentation Rate of the Red Cells with Results 
in Health and Disease, J Lab & Clin Med 16 487, 1931 Osgood,^ pp 223 and 430 




PHOSPHATASE ACTIVITY IN CHRONIC ARTHRITIS 


CHARLES LEROY STEINBERG, MD 
Physician-m-Charge, Arthritic Clinic, Rochester General Hospital 

AND 

LOUISE CATHERINE SUTER 
Technician to the Private Laboratories of Dr Steinberg 

ROCHFSTER, N Y 

The presence of a ferment, phosphatase, in the bones of young rats 
was demonstrated by Robison^ in 1932 This ferment hydiolyzes the 
phosphoiic esters of hexosephosphate, glycerophosphate and nucleopro- 
tein One of the resulting products of such hydrolysis is inorganic 
phosphorus Therefore, this ferment plays an important role in the 
deposition of calcium m bone, m carbohydrate metabolism, in renal 
metabolism and indirectly in the maintenance of the proper hydrogen 
ion concentration of blood Its ubiquitous nature in body tissues has 
been shown by Bodansky ^ and Kay ^ 

So complex are the physiologic functions of phosphatase that the 
complexity can be matched only by the chemical complexity of the 
liver itself All investigators have found an increase of serum phos- 
phatase in such diverse diseases as osteitis deformans,^ hyperparathy- 
roidism,® rickets ® and obstructive jaundice ® The exact significance of 

From the Department of Medicine and the Arthritic Clinic of the Rochester 
General Hospital and the private practice of the authors 

1 Robison, R The Significance of Phosphoric Esters in Metabolism, New 
York, New York University Press, 1932 

2 Bodansky, A Non-Osseous Origins of Serum Phosphatase Its Increase 
After Ingestion of Carbohydrates, J Biol Chem 104 473, 1934 

3 Kay, H D Phosphatase in Bone Diseases, J Biol Chem 89 249, 1930 

4 Woodard, H Q , Twombly, G H , and Coley, B L A Study of the 
Serum Phosphatase in Bone Disease, J Clin Investigation 15 193, 1936 Morris, 
N , and Pedau, O D Plasma Phosphatase in Disease A Review, Quart J 
Med 6 211, 1937 Bodansky, A Significance of Phosphatase Variations, J Biol 
Chem 105 11, 1934 Roberts, W M Variations in the Phosphatase Activity of 
the Blood in Disease, Brit J Exper Path 11 90, 1930 

5 Roe, J H , and Whitmore, E R Chnico-Pathologic Application of Serum 
Phosphatase Determinations, with Special Reference to Lesions of the Bones, Am 
J Clin Path 8 233, 1938 

6 Roberts, W M Blood Phosphatase and the van den Bergh Reaction in 
the Differentiation of the Several Tj'pes of Jaundice, Brit M J 1.734, 1933 
Cantarow, A Review of Phosphatase Activity and Calcium and Electroljte 
Metabolism, Internat Chn 1 270, 1936 
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this increase is unknown Regarding other conditions, notably chronic 
atrophic arthritis and the healing of bone fractures, dissimilar opinions 
are held Kay and also Bodansky and Jaffe ® have found an increase in 
serum phosphatase during repair of bone fractures, wheieas Mitchell,® 
in a careful study of 75 cases, has found a normal or only slightly 
elevated value for serum phosphatase Although no critical analyses of 



lincfer 30ifr J/oA,¥fyf- Ol'et-Ceyr 

B 


Chart 1 — Average phosphatase content of the serum for patients with atrophic 
arthritis grouped (A) according to their condition at the time of testing and 
(B) according to age 

serum phosphatase in chronic aithritis appear in the literature, Kolmer 
and Boerner^® reported a high value for serum phosphatase in cases 

7 Kay, H D Plasma Phosphatase The Enzyme in Disease, Particularly 
in Bone Disease, J Biol Chem 89 249, 1930 

8 Bodansky, A , and Jaffe, H L Phosphatase Studies Serum Phosphatase 
in Diseases of the Bone, Interpretation and Significance, Arch Int Med 54 88 
(July) 1934 

(Footnotes continued on next page) 
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of chronic arthritis, and Abrams and Bauer reported a normal ^aIue 
in cases of atrophic arthritis 

The well known pathologic processes of localized osteoporosis 
associated with chronic atrophic arthritis and the hypertrophic changes 
of cartilage and bone associated with hypertrophic arthritis suggest the 
possibility that some abnormal change in serum phosphatase may occur 
with these conditions This study is a critical analysis of the values 
for serum phosphatase for 44 patients with atrophic arthritis and foi 
control groups of patients with hypertrophic aithritis, patients with oste- 
itis deformans and normal healthy peisons The patients with atrophic 
arthritis were divided into four groups on the basis of the grade of 
involvement The group with involvement of giade 1 includes patients 
having articular pains and stiffness with an increased sedimentation rate 



Chart 2 — Average phosphatase content of the serum for patients with atrophic 
arthritis grouped according to the grade of involvement The figures at the 
bottom of the chart, denoting the grades of involvement, are to be interpreted as 
follows 1, articular pain , 2, swelling of the soft tissues , 2a, 2b, 2c, gradations 
between 2 and 3, 2, definite articular deformity with early ankjdosis, 4, advanced 
ankylosis (the patient was an arthritic derelict) 

and a shift of the Schilling count to the left but no objective signs 
regarding the joints The group with involvement of grade 2 includes 
patients with definite swelling of the soft tissues and localized increase 
of temperature surrounding the joints involved The group with 
involvement of grade 3 includes patients with early fibrous, cartilaginous 
or bony ankylosis of one or several joints but not patients confined to 
bed The group with involvement of grade 4 includes patients confined 

9 Mitchell, L C Serum Phosphatase in Fracture Repair, Ann Surg 104 
304, 1936 

10 Kolmer, J A , and Boerner, F Approved Laboratory Technic, ed 2, New 
York, D Appleton-Century Companj’-, 1938, p 759 

11 Abrams, N R , and Bauer, W The Treatment of Rheumatoid Arthritis 
with Large Doses of Vitamin D, J A M A 111 1632 (Oct 29) 1938 



Table 1 — Data foi Patients with Atiophic Ait/iiilis Gioitped Accoidtng 

to Giade of Involvement 





Age of 



Phos 

Pbos- 


Case 

Sev of 

Patient, 

Duration of 

Condition at 

phorus 

phatase 

Grade 

No 

Patient 

Ir 

Disease 

lime of Test 

Mg 

Units 

1 

27 

M 

44 

7 jr 

Moderate 

28 

1 9 


32 

P 

51 

12 jr 

Moderate 

26 

25 


Average for group 

48 

10 yr 


27 

22 

2 

3 

F 

35 

8 mo 

Moderate 

35 

2 5 


42 

F 

33 

25 ir 

Moderate 

36 

10 


11 

F 

51 

2ir 

Quiescent 

4 2 

1 0 


13 

F 

29 

3 jr 

Quiescent 

26 

29 


9 

F 

27 

1% jr 

Quiescent 

26 

1 3 


Average for group 

33 

6 sr 


33 

1 9 

2a 

1 

F 

34 

4 mo 

Acute 

33 

1 4 


2 

M 

53 

4 mo 

Acute 

3 5 

23 


8 

F 

59 

1 yr 

Acute 

38 

38 


14 

F 

59 

3 yr 

Acute 

36 

16 


6 

r 

61 

1 yr 

Moderate 

20 

42 


30 

M 

63 

10 jr 

Moderate 

24 

14 


40 

F 

37 

21 yr 

Moderate 

34 

24 


IS 

F 

65 

4 yr 

Acute 

3 5 

32 


19 

F 

47 

5 ir 

Quiescent 

20 

16 


Average for group 

53 

9 ir 


31 

24 

2b 

10 

M 

59 

IV. yr 

Acute 

43 

53 


33 

M 

50 

12 yr 

Acute 

24 

16 


37 

M 

43 

16 ir 

Acute 

30 

14 


39 

r 

32 

19 ir 

Acute 

34 

22 


33 

F 

38 

10 yr 

Moderate 

34 

19 


21 

F 

33 

5 jr 

Moderate 

25 

18 


10a 

M 

59 

IV jr 

Moderate 

35 

42 


6 

F 

55 

1 jr 

Quiescent 

20 

34 


12 

F 

53 

2ir 

Quiescent 

3 1 

17 


12a 

F 

53 

2 yr 

Quiescent 

35 

21 


22 

U 

39 

Sir 

Quie'cent 

82 

34 


23 

F 

17 

Cir 

Quiescent 

34 

36 


Average for group 

45 

7 ir 


26 

27 

2c 

31 

F 

27 

11 yr 

4cute 

34 

18 


31a 

F 

27 

11 ir 

Moderate 

28 

18 


Average for group 

27 

11 ir 


31 

18 

3 

4 

F 

19 

8 mo 

Acute 

32 

28 


7 

r 

38 

1 yr 

Acute 

30 

21 


7a 

p 

38 

1 yr 

Acute 

35 

17 


16 

M 

33 

4 yr 

•Icuto 

31 

34 


20 

F 

44 

5 yr 

Acute 

37 

1 8 


29 

r 

44 

10 yr 

Acute 

35 

40 


35 

p 

47 

14 yr 

Acute 

46 

10 


15 

M 

24 

SiT 

Moderate 

33 

20 


17 

M 

43 

4 yr 

Moderate 

3 5 

29 


24 

P 

59 

6 ir 

Moderate 

40 

29 


25 

P 

05 

7yr 

Moderate 

33 

30 


44 

P 

60 

30 yr 

Moderate 

29 

17 


30 

P 

60 

15 yr 

Acute 

32 

16 


26 

P 

88 

7 vr 

Quiescent 

3 5 

26 


84 

M 

61 

12 yr 

Quiescent 

30 

21 


35a 

r 

47 

14 yr 

Quiescent 

35 

10 


43 

p 

62 

SOyr 

Quiescent 

27 

13 


Average for group 

47 

10 yr 


34 


4 

28 

M 

60 

10 vr 

Acute 

30 

1 4 
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to bed, 1 e, patients with ankylosis sufficient to pre\cnt them from 
being ambulatory Gradations of disease between these four giades 
have been designated with letteis of the alphabet The average values 
for serum phosphatase according to the various grades of involvement 
were grade 1, 2 2 Bodansky units, grade 2, 1 9 Bodansk>^ units, grade 
3a, 2 4 Bodansky units , grade 2b, 2 7 Bodansl<y units , grade 2c, 1 8 
Bodansky units, grade 3, 2 2 Bodansky units, and grade 4 (1 patient), 
1 4 Bodansky units Study of these groups of patients fails to indicate 
conclusively any relation between the degree of articular destruction 
and the level of serum phosphatase 



Conf-r^h Ateraavfcr Less Ihon 2-to5ur 6 tolOur llto20iJr JltoBOur 
All qroups 2 M*- 

Chart 3 — Average phosphatase content of the serum tor patients with atrophic 
arthritis grouped according to the duration of the disease 

These patients were also studied according to the duration of the 
disease The average value for serum phosphatase for the patients with 
a definite history of atiophic arthritis of less than two yeais’ duration 
was 2 8 units , two to five years’ duration, 2 2 units , of six to ten years’ 
duration, 2 6 units , of eleven to twenty years’ duration, 1 7 units , and 
of twenty-one to thirty years’ duration, 1 6 units Therefore, there 
exists an inverse ratio between the duration of the disease and the Ie\el 
of serum phosphatase Gutman and his associates have shown that 
the phosphatase content of the serum is slightly inci eased m generalized 
osteoporosis m young and middle-aged persons but not in the aged , 
that IS, loss of vitality of bone tissue equals loss in phosphatase actn ity 
At first glance one might surmise that the ln^erse ratio between the 
duration of the disease and the value for serum phosphatase may be 
due to the age of the more chronic process rather than to any physio- 

12 Gutman, A B , Swenson, P C , and Parsons, W B Differential Diagnosis 
of Hyperparathyroidism, JAMA 103 87 (Juh 14) 1934 



Table 2 — Data fa? Patients with Atrophic AitJmhs Grouped According to 

the Duration of the Disease 




Age of 



Grade of 

Phos 

Phos 

Case 

Se\ of 

Patient 

Duration of 

Condition at 

Involve 

phorus, 

phatasc 

No 

Patient 

Tr 

Disease 

'lime of 'lest 

ment 

Mg 

Units 

Less than 2 years 







1 

F 

34 

4 mo 

Acute 

2a 

33 

14 

2 

M 

53 

4 mo 

Acute 

2d 

S 5 

23 

S* 

F 

35 

8 mo 

Moderate 

2 

3 5 

25 

i 

F 

19 

8 mo 

bubaeute 

3 

32 

28 

0 

F 

55 

lyr 

Quiescent 

2b 

26 

3 4 

6 

F 

61 

1 yr 

Moderate to 

2d 

20 

4 2 





acute 




7 

F 

38 

1 yr 

Acute 

3 

30 

21 

7a 

F 

38 

lyr 

Acute 

3 

35 

17 

8t 

F 

59 

1 yr 

Acute 

2a 

38 

33 

9f 

F 

27 

1% yr 

Quiescent 

2 

20 

1 3 

10§ 

M 

59 

1% yr 

Acute 

2b 

4 3 

53 

10a§ 

M 

59 

i%yr 

Moderate to 

2b 

35 

42 





aeute 





Averages 

41 




33 

28 

From 2 to 5 years 







11 

F 

51 

Syr 

Quiescent 

2 

42 

16 

12 

F 

53 

2 yr 

Quiescent 

2b 

3 1 

17 

12a 

F 

53 

2 yr 

Quiescent 

2b 

3 5 

21 

13 

F 

29 

3 yr 

Quiescent 

2 

26 

29 

14 

F 

59 

3yr 

Acute 

2a 

36 

1 6 

15 

M 

24 

3 yr 

Moderate to 

3 

33 

20 





acute 




16 

M 

38 

4 yr 

Acute 

3 

31 

34 

17 

M 

43 

4 yr 

Moderate 

3 

J 5 

29 

18 

F 

C5 

4 yr 

Subacute 

2a 

3 5 

32 

19 

F 

47 

5 yr 

Quiescent 

2a 

26 

1 6 

20 

F 

44 

5 yr 

Subacute 

3 

37 

1 8 

21 

F 

38 

Syr 

Moderate 

2b 

25 

1 8 

22 

M 

39 

5 yr 

Quiescent 

2b 

3 2 

o4 


Averages 

46 




53 

2 2 

From 6 to 10 years 







23 

F 

17 

6 yr 

Quiescent 

2b 

34 

30 

24 

F 

59 

6 vr 

Moderate to 

3 

40 

29 





acute 




25 

F 

G5 

7 yr 

Moderate to 

3 

S3 

30 





acute 




26 

F 

38 

7 yr 

Quiescent 

3 

35 

26 

27 

M 

44 

7yr 

Moderate 

1 

28 

19 

28 

M 

60 

10 yr 

Very acute 

4 

30 

1 4 

29 

F 

44 

10 yr 

Acute 

3 

35 

40 

30 

M 

63 

10 yr 

Moderate to 

2a 

2 4 

14 





auiescent 





Averages 

49 




32 

26 

From 11 to 

20 years 







31 

F 

27 

11 yr 

Acute 

2c 

34 

18 

31a 

F 

27 

11 yr 

Moderate 

2c 

28 

18 

32 

F 

51 

12 yr 

Moderate 

1 

20 

2 5 

33 

M 

50 

12 yr 

Acute 

2b 

24 

1 0 

34 

M 

61 

12 yr 

Quiescent 

3 

86 

2.1 

33 

F 

47 

14 yr 

Very acute 

3 

SO 

1 0 

35a 

F 

47 

14 yr 

Quiescent 

3 

35 

10 

36# 

F 

66 

15 yr 

Acute 

3 

32 

16 

37 

M 

45 

16 yr 

Acute 

2b 

30 

1 4 

37 a 

M 

45 

10 yr 

Quiescent 

2b 

35 

1 7 

38 

F 

38 

10 yr 

Moderate 

2b 

34 

1 9 

39 

F 

32 

19 yr 

Subacute 

2b 

34 

22 


Averages 

46 




33 

17 

From 21 to 

SO years 







40 

F 

37 

21 vr 

Moderate to 

2a 

34 

24 





quiescent 




42 

F 

33 

25 yr 

Moderate 

2 

36 

10 

43 

F 

62 

so yr 

Quiescent 

3 

2 7 

1 3 

44 

F 

60 

30 yr 

Moderate to 

3 

2 9 

1 7 





acute 





Averages 

48 




32 

1 6 

Averages for all groups 

47 




83 

23 

Male patients 





^ 34 


Female patients 








• Complicated by mitral stenosis 
t Complicated by hypertbvroidism 

t Complicated by pregnancy , . , . 

i Complicated by carcinoma of the prostate ■with secondary invohement of lung and bon 
tissue 

# Complicated by postoperative hypothyroidism 
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f 

pathologic change associated with chronic atrophic arthritis Ho\\- 
ever, the average age of the patients who had had chronic arthritis for 
less than two years was 41, for two to five years, 46, for six to ten 

Table 3 — Data fot Patients with AUophic Aithuiis Gioiipcd According to 

Condition at Time of Test 


Case 

Sex of 

Age, 


Grade of 

Phosphorus, Phosphatase 

Ko 

Patient 

ir 

Duration 

Involvement 

Mg 

Units 



Acutely Active Arthritis at Time of Test 



1 

F 

34 

4 mo 

2a 

3 3 

1 4 

2 

M 

53 

4 mo 

2a 

3 5 

23 

4 

F 

19 

Smo 

3 

3 2 

2b 

7 

F 

33 

1 yr 

3 

30 

2 1 

7a 

F 

33 

1 yr 

3 

3 5 

1 7 

8 

F 

59 

1 yr 

2a 

38 

33 

10 

M 

59 

1% yr 

2b 

43 

53 

14 

F 

59 

3 yr 

2a 

36 

16 

16 

M 

38 

4 yr 

3 

31 

34 

18 

F 

Go 

4 yr 

2a 

3 5 

32 

20 

F 

44 

5 >r 

3 

3 7 

1 8 

28 

M 

60 

10 yr 

4 

30 

1 4 

29 

F 

44 

10 vr 

3 

35 

40 

31 

F 

27 

11 >r 

2c 

34 

I S 

33 

M 

50 

12 jr 

2b 

24 

1 0 

35 

F 

47 

14 yr 

3 

4 6 

1 0 

36 

F 

66 

15 yr 

3 

3 2 

1 b 

37 

M 

45 

16 yr 

2b 

30 

1 1 

89 

F 

32 

19 yr 

2b 

3 4 

22 

Average for group 




34 

2 ! 



Modorateh Acti\ e Arthritis 

at lime of Test 


3 

F 

35 

8 mo 

2 

S') 

25 

0 

F 

61 

1 ir 

2a 

26 

4 2 

10a 

M 

59 

1% Jr 

2b 

3 5 

4 2 

15 

M 

24 

Sir 

3 

3 3 

20 

17 

M 

43 

4 yr 

3 

35 

29 

21 

F 

33 

3 jr 

2b 

2 3 

1 S 

24 

F 

59 

6 yr 

3 

4 0 

29 

25 

F 

65 

7 yr 

3 

3 3 

30 

27 

M 

44 

7 yr 

1 

28 

1 0 

30 

M 

63 

10 yr 

2a 

24 

1 4 

31a 

F 

27 

11 yr 

2c 

28 

1 8 

32 

F 

51 

12 yr 

1 

26 

25 

38 

F 

38 

16 yr 

2b 

34 

1 9 

40 

F 

37 

21 yr 

2a 

3 4 

2 4 

42 

F 

33 

25 yr 

2 

3 6 

1 0 

44 

F 

60 

SOyr 

3 

29 

1 7 

Average for group 




3 1 

24 



Quiescent 

Arthritis at 

Time of lest 



5 

F 

55 

1 j'r 

2b 

26 

34 

9 

F 

27 

VA yr 

2 

26 

1 3 

11 

F 

51 

2jr 

2 

4 2 

1 6 

12 

F 

53 

2 yr 

2b 

31 

1 7 

12a 

F 

53 

2 vr 

2b 

35 

2 1 

13 

F 

29 

3yr 

2 

26 

29 

19 

F 

47 

5 yr 

2a 

2 6 

1 6 

22 

M 

39 

5 yr 

2b 

32 

34 

23 

F 

17 

6 vr 

2b 

34 

36 

26 

F 

38 

7 yr 

3 

3 5 

26 

34 

M 

61 

12 yr 

S 

36 

2 1 

3oa 

F 

47 

14 yr 

3 

35 

10 

37 a 

M 

45 

16 vr 

2b 

3 5 

17 

43 

F 

62 

30 yr 

3 

27 

1 3 

Average for group 




32 

2 2 


years, 49, foi eleven to twenty years, 46, and for twent}-one to forty 
years, 48 The average age for all these groups was tlierefore similar, 
and one must conclude that the duration of the disease affects inversely 
the value for seium phosphatase 
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The degree of articular activity in cases of chronic atrophic arthritis 
varies considerably The clinical pattern is one of exacerbations and 
remissions We grouped our patients into three divisions, depending 
on the activity of the arthritis at the time that the study of the serum 
phosphatase was done, that is, patients with acute arthritis, those with 
moderately active arthritis and those with quiescent arthritis The 
phosphatase content of the serum for the first group was 2 3 units , that 
for the second group, 2 4 units, and that for the third group, 2 2 units 




f 

U 

u 

O 

o 



(molcj Arfhritit 

Chart 4 — Average phosphatase content of the serum for the aifferent control 
groups 

We must conclude that the actnuty of the aithiitic process does not affect 
the serum phosphatase 

The control groups consisted of 6 noimal persons, 5 patients with 
osteitis deformans and a small gioup of patients with hypertrophic 
aithntis and mixed hypertrophic and atiophic arthritis The normal 
persons showed an aveiage value foi serum phosphatase of 3 Bodansky 
units The aveiage value for seium phosphatase for the 5 patients with 
osteitis deformans (Paget’s disease) was 9 46 units, the variation being 
6 24 to 20 20 units Foi the small gioup with hypeitiophic arthritis and 
mixed hypertrophic and atrophic arthritis the values were 2 3 and 1 S 
units respectively 
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Our findings seem to indicate that a normal level of serum phos- 
phatase IS present m cases of chronic atrophic arthritis The se\erity 
of involvement, the stage of the disease and the age of the patient do 
not affect the level Long duration of the disease tends to dimmish it 


Table 4 — Data for Patients with Paget’s Disease (Conti ol Study) 



Age of 


Duration 


Phos 

Phos 

Case Patient, 

Sex of 

of 


phorus, 

phatase, 

Ko 

Yr 

Patient 

Disease 

Extent of Intohement 

Mg 

Units 

1 

67 

P 

Unknown 

Localized in skull \eriflcd bj 
roentgenogram 

3 44 

8 72 

2 

67 

M 

Unknovn 

Localized in skull verified bv 

2 00 

7 63 





roentgenogram nbs and long 
bones normal 



2 (repeated) 




3 44 

704 

3 

73 

M 

20 >r 

Generalized ptramidal head 

460 

14 12 

4 

81 

P 

36 jr 

Localized, gross change left 
leg 

3 52 

0 24 

5 

60 

P 

10 to 15 j r 

Generalized knee frontal 

3S0 

20 20 





bosses markedly pjramidal 
Aerified bj roentgenogram 




Averages 




3 55 

9 46 


Table 5 — Phospliouis 

and Phosphatase Content 
Conti ol Gioiips of Patients 

of the Sci mil 

foi the 


Case 

Age, 


Phosphorus, 

Phosphatase, 


No 

Ir 

Sex 

Mg 

Units 

Normal persons 

1 

43 

P 

36 

30 


2 

23 

P 

3 3 

23 


3 

17 


3 1 

37 


4 

24 

P 

2 4 

30 


5 

23 

M 

30 

31 


6 

41 

P 

2 5 

25 

Average 


31 


31 

30 

Patients Avith 

45 

40 

P 

31 

20 

hypertrophic 

40 

53 

P 

4 2 

24 

arthritis 

47 

54 

M 

38 

1 7 


IS 

55 

F 

2 4 

2 1 


40 

46 

JI 

2 5 

10 


50 

47 

M 

28 

21 


51 ’ 

05 

M 

30 

30 


52 

40 

P 

33 

2 5 

Average 


52 


31 

23 

Patients with mixed 

Oo 

40 

r 

20 

1 9 

hypertrophic 

54 

00 

r 

38 

1 3 

and atrophic 

)0 

50 

r 

27 

10 

arthritis 

56 

50 

r 

3 4 

1 7 


0/ 

43 

p 

24 

33 

Average 


32 


31 

1 8 


We found the determination of the level of serum phosphatase valuable 
in diffei entiating between aiticulai pains associated with chronic arthritis 
and the indefinite pains associated w ith osteitis def oi mans It is important 
to remember that the ages of the patients suffering fiom Inpertiophic 
arthritis and those of the patients suffering fiom osteitis defor- 
mans w^eie similai Osteibs deformans is associated in many cases with 
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hypertrophic arthritis, but in many others the latter condition is not 
present One instance of osteitis deformans was accidentally discov- 
ered during our study of serum phosphatase The patient was a white 
man aged 67 , a member of the control group He had a mild degree 
of hypertrophic arthritis with associated articular pains, for which he 
sought relief After an increased value for serum phosphatase had 
been noted on two occasions, roentgenograms of the patient’s skull, 
pelvis, ribs and long bones were taken Findings typical of osteitis 
deformans were demonstiated on the films 

SUMMARY AND CONCLUSIONS 

Determinations of the phosphatase content of the serum were made 
for 44 patients vith atiophic arthritis, 8 patients with hypertrophic 
arthritis, 5 patients with mixed atrophic and hypei trophic aithritis and 

5 patients with osteitis deformans This same study was made of 

6 healthy persons In the only case of arthritis m which the value for 
serum phosphatase was above 4 2 units it was later pioved that malignant 
tumor of the prostate gland was present, with secondary involvement 
of bone and lung tissue An increase of serum phosphatase m this type 
of malignant disease has been described by Gutman and his co-workeis “ 
Determination of the phosphatase content of the seium in cases of 
chronic atrophic and hypertrophic arthritis is, theiefore, important in 
the differential diagnosis A normal Aalue for serum phosphatase is 
characteristic of chionic atrophic or hypertiophic arthritis, an abnormal 
value suggests the possibility of a complicating condition or an erioneous 
diagnosis of this condition Deteiminations of the phosphatase content 
of the seium should be made a loutme proceduie m the study of diseases 
of the bones and joints 

Dr E T Wentworth permitted us to study the patients witli Paget’s disease 
who were used as controls in this investigation 

13 Gutman, E B , Sproul, E E , and Gutman, A B Significance of Increased 
Phosphatase Activity of Bone at tlie Side of Osteoplastic Metastases Secondary 
to Carcinoma of the Prostate Gland, Am J Cancer 28 485, 1936 



ELECTROCARDIOGRAPHIC FINDINGS IN CASES 
OF VENTRICULAR ANEURYSM 

MAURICE ELIASER Jr, MD 

AND 

JEROME KONIGSBERG, MD 

SAN rRANCISCO 

It IS the almost unanimous opinion of those who have studied 
aneurysm of the ventricle complicating occlusion of the coionai}’’ artery 
that the diagnosis of this condition is a difficult clinical task The 
rarity of occurrence of the lesion has been somewhat overemphasized 
Libman ^ reported that it was found fifteen times as frequentl) as 
Hodgkin’s disease, and Applebaum and Nicolson - found aneui 3 ''sm of 
the ventricle to have been present in 57 (or 38 pei cent) of 150 cases 
of occlusive disease of the coronary arteries of the atherosclei otic group 
Of the 57 aneurysms, 56 were located in the left ventiicle 

Pletnew ^ has shown the difficulty of diagnosis by puiely physical 
means , he reported 0 5 per cent successful diagnoses in 300 cases 
Kahn,"^ m 1922, stated that roentgenogiaphic and fluoioscopic examina- 
tion are of little aid m the diagnosis of this condition, but more recently 
several authors ® have detected the sacculation by roentgenographic 

From the Mount Zion Hospital and the University of California Medical 
Service of the San Francisco Hospital and the Department of Public Health 

1 Libman, E Methods of Physical Examination, with Special Reference to 
Painful Disease of the Thorax and Abdomen, Proc Inter-State Post-Grad M A , 
North America (1926), 1927, p 60 

2 Applebaum, E , and Nicolson, G Occlusive Diseases of the Coronary 
Arteries, Am Heart J 10 662, 1935 

3 Pletnew, D D Lasst sich ein Aneurysma der Herzventrikel ultra vitam 
feststellen? Ztschr f klin Med 104 378, 1926 

4 Kahn, M H Aneurysm of the Left Ventricle, Am J M Sc 163 839, 

1922 

5 (a) Fogel, E I Aneurysm of the Left Ventricle Following Coronary 

Infarction in a Living Patient, JAMA 100 39 (Jan 7 ) 1933 (b) Steel, D 

The Roentgen Diagnosis of Cardiac Aneurysms, ibid 102 432 (Feb 10) 1934 
(c) Shookhoff, C , and Douglas, AH A Case of Acute Coronary Occlusion 
with Roentgenographic Evidence of the Early Development of an Aneurysm of the 
Left Ventricle, Am Heart J 7.95, 1931 (d) Strandell, B A Contribution to 

the Diagnosis of Aneurysm of the Heart, Acta med Scandinav 74 148, 1930 (c) 

Ellman, P Angina with Recent Coronary Thrombosis, !M}'Ocardial Infarction 
and Cardiac Aneurysm, Proc Roy Soc Med 26 139, 1932 (/) Sigler, L H , 

and Schneider, J J Diagnosis of Cardiac Aneurj'-sms with Report of Tvo Cases, 


(Footnote continued or nert pare) 
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methods Sigler and Schneider stated that the electiocardiogram is 
of no specific diagnostic value in disclosing a cardiac aneurysm How- 
ever, these authors did mention the fact that in some instances major 
deflections directed downward in the second and third leads of the 
standard electrocardiogram with low voltage upward in lead I may be 
found 

Because of the grave piognosis of this complication of mj-ocardial 
infarction and its fiequent teimination by sudden death with or without 



+ 90 


Fig 1 (case 1) — The downward direction of the major deflection w'lth inversion 
of the T wave and an upright P wa've in lead I occurred four w^eeks after the initial 
acute occlusion of the coronary aitery The Einthoven triangle illustrates the 
right axis deviation The effect of placing the patient in the lateral positions is 
seen to be negligible This recording is essentially the same as that taken eight 
months after the original occlusion of the coronary artery 

rupture, it would seem expedient to utilize all possible diagnostic means 
to ascertain its presence if such a consequence could thereby be fore- 
stalled 

Ann Int Med 8 1033, 1935 {g) Ball, D Aneurysm of the Heart, Am Heart 

J 16 203, 1938 (/i) Harvier, P , and Caroli, J Sur un cas d’aneurysme de la 

pointe du coeur. Pans med 77 30, 1930 (0 East, T Aneurysm of the Left 

Ventricle, Proc Roy Soc Med 26 518, 1933 
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We believe that the electi ocardiogram may be of considerable diag- 
nostic value In several cases we have observed certain cardiographic 
changes that may be consideied a piesumptive sign of caidiac aneuiysm, 
and m a slightly greater number of cases wq found changes that 
appeared to be rather suggestive evidence of this lesion 

The contention that study of the electrical activity of the heart may 
be a valuable aid in the diagnosis of this condition is suppoited b} an 
analysis of the cases previously leported with accompanying electro- 
cardiogiams, together with 5 examples of aneurysm of the \entncle 
follownng occlusion of the coionary artery, w^hich we shall present 

The previously pubhslied repoi ts show’- that m 23 5 pei cent of the 
tracings there is a dowmw^ard direction of the majoi deflection m lead I 
Associated wnth this finding is mveision of the T w’ave and an upiight 
P wave m the first lead, the ventricular complex being upiight m lead III 
(fig 1) By depicting such curves on the Einthoven equilateial triangle, 
one finds that the electi ical axis is m the lange of — 150 to 180 degiecs 
In 2 of the 5 cases in our series (40 per cent) this tjpe of recoid 
appeared In 2 other cases of oui senes (40 per cent), the left axis 
deviation that has been observed pieviously in some cases of cardiac 
aneuiysm w^as found The left axis deviation is shown on the triangle in 
figure 4 In this gioup and in 35 3 per cent of cases leported m the 
literature, the major deflections w^eie directed dowmward in leads II 
and III, with or without low amplitude of the ventiicular complex in 
the first lead (fig 4) 

Cases 1 and 2, which wnll be described briefly, are examples of those 
in which right axis deviation occurs (the Si type of cardiogiam), and 
case 3 is presented to illustrate those m wdiich left axis deviation is 
observed (the So , 3 type) 

REPORT or C^SES 

Case 1 — F F , a 39 yeai old Russian man, entered the San Francisco Hospital 
on Nov 21, 1937, wnth the complaint of a hea\y, nonradiating sensation in the chest 
of several hours’ duration, coming on while at rest This was associated with 
marked weakness and nausea Physical examination show'cd the patient to be 
dyspneic, suffering severe pain and clawing at his chest The temperature was 
97 F , the pulse w'as barely perceptible, and the blood pressure was so low’ as not 
to be obtainable The heart w’as normal to percussion, but the sounds were faint 
The leukocyte count w'as 14,500 per cubic millimeter, the sedimentation rate w'?s 
20 mm in one hour (Linzenmeier method), and the Wassermann reaction of the 
blood was negative 
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The next day the temperature rose to 101 F, and the blood pressure was 
recorded as 98 mm of mercury systolic and 80 diastolic The patient complained 
of moderate precordial pain at that time An electrocardiogram taken four days 
after his entry (Nov 25, 1937) is presented in figure 2 

After transient monoplegia of the right arm, he was fairly comfortable until 
four weeks later, when there was a recurrence of substernal pain with an associated 
febrile reaction This was accompanied by changes in the electrocardiogram, 
namely, downward direction of the ventricular complex in lead II and inversion 
of the T waves in leads I and II 

Several minor recurrences of pain were noted six weeks after the initial attack 
At this time it was found that the apical impulse was palpable in the fifth inter- 
space, 9 cm to the left of the midsternal line A presystohc gallop rhythm was 
detected The blood pressure was 95 mm of mercury systolic and 60 diastolic 
There was no evidence of the monoplegia The electrocardiogram was unchanged 



Fig 2 (case 1) — An electrocardiogram taken four days after the initial acute 
occlusion of the coronary artery, showing the downward direction of the ventricular 
complex in lead I, with an upright T wave The right axis deviation is represented 
on the Einthoven equilateral triangle 


T^\o months later the patient was admitted to the Mount Zion Hospital with 
precordial pain which had begun several hours before Examination showed the 
apical impulse to be in the sixth interspace 12 cm to tlie left of the midsternal 
line and 3 cm inside the left border of cardiac dulness Gallop rhythm was detected, 
and the blood pressure was as before, without alternation of the pulse The 
electrocardiogram was essentially the same as that shown in figure 1 A roent- 
genogram of the chest was taken in an attempt to secure further evidence of 
ventricular aneurysm because of the suggestive cardiographic findings The 
roentgenologist, Dr Joseph Levitin, reported at this time that the appearance of 
the cardiac shadow was consistent with aneurysm of the left \entricle This film 
was taken four months after the first coronary occlusion Eight months after the 
first attack, the lesion was obvious, as is shown in figure 3 At that time the 
electrocardiogram was unchanged from that taken four weeks after the original 
acute thrombosis 


ELlASER-KONIGSBERG—VEXTRlChLlR AXEIRYSM 4^; 

At the time of A\nting, ten months after the initial occlusion of the coronary 
artery, the patient is haMng mild anginal pain onh on effort 

Case 2 — J M, a 49 jear old Irishman, entered the Unnersit} of California 
Medical Service of the San Francisco Hospital with a h!Stor\ of dyspnea of si\ 
months’ duration, which had begun immediatch after an attack of prccordial pam 
for which he had been hospitalired for onh a few dajs Up to the time of entn 
he had been emplojed as a laborer On examination, he was found to be an 
orthopneic, pyknic man, without edema There were signs of bilatcial pleural 
effusion, and subcrepitant rales were audible at each pulmonar\ base The heart was 
enlarged to the left, with the apical impulse 9 cm to the left of the mid'ternal 
line m the fifth interspace The cardiac sounds were normal except for a gallop 
rhjtlim, the arterial tension was 96 mm of mercura sastohe and 64 diastolic 
aauthout pulsus alternans The liaer aa'as palpable and tender Roenteenographic 
examination showed signs of bilateral pleural effusion and dironic passiac congestion 
of the lungs, obscuring the cardiac shadoaa The Wassermann reaction of the blood 



Fig 3 (case 1) — Roentgenograms taken four and eight months, rcspcctiacla, 
after the initial acute occlusion of the coronara artcra, showing the increasing 
size of the aneur 3 sm of the left aentricle 

was negatiae The electrocardiogram shoaaed a rate of 120, a sinus mechamsni, 
a PR interaal of 024 second and a normal QRS time, aaith the chief initial 
aentricular complex deflected doaanward in lead I but upright in leads II and III 
The T avaaes aaere upright in leads II and III but not m lead I The representa- 
tion on the Einthoaen triangle of deaiation of the axis aaas — 160 Fiae daas after 
entrj' the patient died The anatomic diagnoses aa ere coronara thrombosis, recent 
and old, of the left anterior branches, mural thrombus in the left aentricle, 
aneurj'smal dilatation of the left aentricle, chronic passiae congestion of all organs 
ascites, and bilateral hadrothorax 

Case 3 — S , a 54 a ear old diabetic aaoman, had noted daspnea on exertion 
for one a ear, avith associated tachapnea aahen at rest She failed to recall haaing 
had any sea^ere or prolonged precordial pain but had had numerous minor attacks 
of anginal pain on effort Phasical examination showed an orthopneic aaoman 
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No m LEFT LATERAL 
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Fig 4 (case 3) — ^An example of the downward direction of the major deflec- 
tions in leads II and III, with representation by means of the Emthoven triangle 
of the axis deviation with the patient in the lateral decubitus positions, as well as 
supine This record was made one year after the onset of dyspnea which followed 
lecurrent attacks of precordial pain coming on with effort 
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with edema of the ankles and signs of fluid at the bases of both lungs Tiie heart 
was greatly enlarged to the left, with the point of maximal impulse m the mid- 
axillary line in the sixth interspace There was a definite gallop rhithm but 
no pericardial friction rub The blood pressure was 175 mm of mcrcur} s}stohc 
and 110 diastolic, with intermittent periods of alternation of the pulse The results 
of hemanalysis were not remarkable, and the urinary findings were noimal 
Transient left hemiplegia was observed twice, on one occasion lasting four hours 
and on the other two days One year later, after several attacks of congestnt 
failure, the patient died The pathologic diagnoses w'cre cardiac hypertroph} with 
aneurysmal dilatation of the lower portion of the left ventricle, adherent mural 
thrombus filling the sac, and chronic obliterative pericarditis Electiocardio- 
grams and a roentgenogram aie shown in figures 4 and 5 



Fig 5 (case 3) —A roentgenogram taken one year after the onset oi dyspnea 
following recurrent attacks of precordial pain coming on with effort, illustrating 
the aneurysmal dilatation of the left ventricle 


COMMENT 

The first 2 of these cases illustrate the electrocardiographic s} ndrome 
that was observed to accompany ventricular aneurysm ui 27 3 per cent 
of all cases analyzed It is of interest to note that recordings made 
with the patient in the lecumbent and in the left and right lateral 
positions showed no remarkable alteration of the electiical avis of the 
heart The electrocai diogram in case 3 is 1 of 2 examples of the So 
type, which was obtained in 36 4 per cent of all the cases of ancur) sm 
that were studied 

When this downward direction of the major deflections of leads IT 
and III was found, accompanied by an abnormal increase m the QRS 
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time, notching of the ventricular complexes and T waves that were 
directed opposite to the major deflections, left bundle branch block 
was the obvious diagnosis Conditions of this type were therefore 
excluded from the group Their incidence is shown in the accompanying 
table It IS readily apparent that such tracings can be of no diagnostic 
value in detecting the presence or absence of cardiac aneurysm Com- 
plete bundle branch block appeared in none of our cases 

In 1 of our cases an electi ocardiogi am was obtained which, though 
consistent with occlusion of the coronary artery, did not fall into either 
of the two diagnostic groups and was not consistent with the diagnosis 
of bundle branch block 

The table illustrates the frequency of occurrence of the various types 
of electi ocardiographic record The cases selected from the previously 
published reports include only those that were considered to be definite 
instances of ventricular aneurysm and that were illustrated by electro- 

Types of ElecU ocm diagram in Cases of Aneurysm of the Left Ventncle Follozving 

Occlusion of the Coronal y Aiiery 


Number ol Bundle Brnnch 



Cases 

Si 

S3 

Block 

All others 

Previously reported* 

17 

4 (23 0%) 

C (3j 3%) 

4 (23 5%) 

3 (17 6%) 

Present senes 

5 

2 (40 07c) 

2 (40 0%) 


1 (20 0%) 

Total 

22 

G (27 3%) 

S (30 4%) 

4 (18 2%) 

4 (18 2%) 


* Kahn < Toeel Shookhofl and Douglas Strandell Ellinan Sigler and 
Schneider Ball ‘s Schorl, D , and Erlsbacher, 0 Zur Symptomatologie des partlellen 
Herz aneurysmas, Med Klin 30 1CS7, 1034 Harrier and Carol! East 

cardiograms In 4 of the 5 cases of our series the condition was proved 
by pathologic examination to be sacculation resulting fiom myocardial 
infarction attendant on occlusion of the coronary artery The diagnosis 
in case 1 would seem to be sufficiently well substantiated by the loent- 
genogram (fig 3) to permit inclusion in the series 

It cannot be stated with certainty that a downward major deflection 
with upright P wave and inverted T wave in lead I is an exaggerated 
Qij Tj, type of curve associated only •with acute occlusion of the anterior 
coronary artery The last tracing in case 1 of our series, obtained ten 
months after the occlusion, is not dissimilar to that taken four weeks 
after the initial occurrence of thrombosis, which we believe to have been 
the event directly leading to the aneurysmal dilatjltion of the left ven- 
tricle This perpetuation of the right axis deviation also was observed 
in several cases previously reported 

The electrocardiographic differentiation of ventricular aneurysms 
producing the type of electrocardiogram from cor pulmonale and 
mitral stenosis can be based on the relative rarity of inversion of the 
Tj^ wave in the latter conditions The various changes in the auricular 
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complex — such as increase m height, width and notching, ^^hlch ^^ere 
found by Berliner and Master ° in 61 of 69 cases of initial stenosis — 
will also be of assistance 

Disease of the tricuspid valve, which is so frequenth associated 
with pi eponderance of the light ventricle, chaiacteristically produces 
inversion of the T wave in lead III but not in lead I ’ Im ersion of 
the T wave in lead I is a raie finding in cases of initial stenosis except 
in association with aoitic valvulitis Disease of the aoitic \alve is cer- 
tainly one of the more common causes of prepondeiance of the left 
,venti icle 

Cases of congenital dextiocaidia will not be confused nith those of 
ventiicular aneurysm vhen it is obseived that the P nave is nneited 
in the fiist lead of the electi ocai diogram This finding mil also pre\ent 
false interpi etation from misplacement of the arm electi odes 

Block of the right bundle biaiich was not found in any of the cases 
studied, but it should not be confused with conditions suggesting \cn- 
triculai aneuiysm because of the upiight T wave in lead I and the usual 
alterations m the ventiiculai complex found in cases of bundle bianch 
block 

The Sn.j type showing left axis deviation is not necessaiily pecuhai 
to cardiac aneuiysm It has been obseived m cases of nonsacculatcd 
myocardial infarctions as well as in cases of dilated hearts and those 
presenting marked enlaigement of the left ventricle from othei causes 
It does, howevei, occui sufficiently often with cardiac aneuiysm to 
wairant consideration of this condition when it is found 

The OCCUI rence of two divergent types of electrocardiogiam, one 
showing left and the other right axis deviation, is hard to explain It 
IS especiall)^ difficult to lationahze, since the anatomic changes aie the 
same in each group Pathologic examination was made b} the usual 
methods, although detailed examination for incomplete bundle branch 
block was not performed In each of the two groups of cases desci ibed, 
as well as in those presenting evidence of lesions of a bundle bianch or 
other equivocal lecords, apical aneurysms vere observed, as ^^ele also 
sacculations of the left ventricle several centimeters supeiior to the 
apexes In ovei SO per cent of cases, the aneurysm occui led in that 
portion of the heart supplied by the anterioi descending branch of the 
left coionaiy aitery In each of the fom groups noted m the table there 
weie instances of such lesions We ha\e been unable to establish any 

6 Berliner, K , and Master, A M I^Iitral Stenosis A Correlation of 
Electrocardiographic and Pathologic Obser^atIons, Arch Int Med 61 39 (Jan ) 
1938 

7 ^Master, A M Right Ventricular Preponderance of the Heart, Am J 
M Sc 186 714, 1935 
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correlation between the location of aneurysm of the left ventricle and the 
axis deviation produced on the electiocardiogiam 

The type of electrical axis of the heai t in the Sn 3 group is not 
surprising and can be explained by any of the causes more generally 
accepted as pioducing axis deviation, namely, the position of the center 
of gravity of the heart, the weight of the myocardial mass, the length of 
the fibers or the distance that the impulses traverse through the con- 
duction s3'^stem It has been observed by Bohning and Katz ® that, 
although prepondeiance of the left ventricle is most likely to occur with 
posterior infarction, atypical forms can occur with slow occlusion or* 
with a recent thrombosis superimposed on an older one It appears 
from study of the cases 111 this series that the acuteness of the infarction 
may be a factor m the causation of the but not of the S, 3 type of 
electrocardiogram 

By pathologic examination of specimens, it becomes evident that 
the predominant cardiac mass is tlie left ventricle Why this produces 
an electrical axis deviation usually associated with preponderance of 
the right ventricle cannot be explained by the older theories of elec- 
trical axis deviation It is paiadoxic that the Emthoven equilateral 
triangle reveals marked right axis deviation with noimal ventricular 
complexes in the presence of enlargement of the left ventricle, yet this 
fact can apparently be explained by consideiation of the lelative con- 
ducting abilities of the various tissues and fluids involved, as has 
been shown by Katz and Koiey® These authors demonstrated that 
blood as an electrical conductor is far inferior to cardiac muscle It would 
theiefore seem that m contradistinction to the intact wall of the right 
ventricle, the aneurysmal sac and contained thrombus of the left ven- 
tricle may relatively detiact fioin rather than add to the electrical 
foi ces 

Not m accord with this explanation is case 3 , in vhich aneurysm of 
the left ventricle containing a thrombus was piesent The wall of the 
sac was devoid of muscular elements, being composed solely of fibrous 
tissue The electrocardiogram in this case revealed marked left axis 
deviation 

The efifects of noncardiac organs which play a role in the distribution 
of the electrical currents away from the heart itself is not known m such 
instances as those described It is piobable that variations in the con- 
ductivity of the particular tissue in contact with the heart or the 

8 Bohning, A , and Katz, L N Four Lead Electrocardiogram m Cases of 
Recent Coronary Occlusions, Arch Int Med 61 241 (Feb ) 1938 

9 Katz, L N , and Korey, H The Manner in Which the Electrical Currents 
Generated by the Heart Are Conducted Away, Am J Pnysiol 111 83, 1935 

10 Katz, L N , Gutman, I , and Ocko, F H Alterations m the Electrical 
Field Produced by Changes m the Contacts of the Heart with the Body, Am J 
Physiol 116 302, 1936 
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aneurysm occur This could possibly explain the differences in the 
electrocardiograms obtained in the presence of apparently identical 
lesions The actual effect of extracardiac transmission of electiical cur- 
rents cannot be definitely determined at the present time 

Another possible factor causing right axis deviation lecoi dings to 
be obtained m heaits with left-sided prepondeiance is the intei action of 
the lotation of the heart on its antei opostenor axis ^\lth that on its longi- 
tudinal axis Figuie 2 shows the effect on the electrocai diogram of 
changing the patient from the supine to each lateral position in a case 
of aneurysm of the left ventiicle It will be observed that the shift of 
the axis is not of gieat magnitude The shift to the right that occurred 
in case 3 when the patient was placed in the light lateial position, 
although definite, does not appioach that observed m the type of 
electrocardiograms taken of patients in the recumbent position Obvi- 
ously, simple alteiation of the position of the patient wull not reveal 
the respective magnitude of lotation of the heait on its anteroposterioi 
or longitudinal axis Other methods that have been used experimentally 
aie unfortunately not clinically applicable 

The problem of explaining which caidiac aneurysms will produce 
the Si type and which wall show the S 2 3 type of cardiogram, is not 
solved as yet However, the empiric observation that m 63 7 per cent 
of all cases the electrocardiogiams fall into one of two distinct groups, 
appears to us to be a significant diagnostic point 

SUMMARY 

Theie is an electrocardiogi aphic syndiome, occurring m 27 3 per 
cent of cases of aneurysm of the left ventricle following occlusion of the 
coionary arter}'-, which may be considered to be a presumptive sign of 
this lesion It consists of a downward directed major deflection in 
lead I, with inversion of the T wave and an upright P wave The ven- 
tiicular complex in lead III is upnglit 

Another type, occuirmg m 36 4 per cent of cases, presents ventricular 
complexes diiected dowmw’’ard m leads II and III wnth an upright major 
deflection in lead I that may or may not be of low' amplitude 

In 18 2 pel cent of cases of cardiac aneui}sm, the electiocardiogram 
shows left bundle branch block, and there weie a like number of \arious 
other equivocal recoids, which, although consistent wntli disease of the 
coronary artery, w'ere not of diagnostic significance 

11 Aleck, W J, and Wilson, A The Effect of Qnanges in the Position of 
the Heart on the QRS Complex of the Electrocardiogram, Arch Int Alcd 36 014 
(Nov ) 1925 Kountz, W B , Prinzmetal, AI , Pearson, E F , and Koenig, K F 
The Effect of Position of the Heart on the Electrocardiogram Electrocardiogram 
in Revived Perfused Human Hearts in the Normal Position, \m He irt J 10 605, 
1935 
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Roentgen examination, especially roentgenkymography, would seem 
to be the most reliable means of corroboration of the diagnosis of ven- 
tricular aneurysm and should be performed when one or the other of 
the two types of cardiogram observed in 63 7 pei cent of all cases is 
obtained 

No correlation between the location of the aneurysm and the specific 
type of electrocardiogram obtained has been established 

The use of the Emthoven equilateral triangle is a convenient means 
of visualizing deviation of the axis However, other more recent the- 
ories must be considered m older to explain the two divergent types of 
cardiogram obtained with pathologically identical lesions 
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Studies of the effects of the administiation mtia\enousIy of isotonic 
and slightly hypertonic solutions of cr}stalloids on the blood lolume and 
on the dynamics of the circulation in noimal man ha\e been reported 
recently from this laboratory^ Aftei such injections theie Ycie noted 
increased blood volume, with decreased hematocrit leading and plasma 
protein concentration, increased cardiac output and velocity of blood 
flow, widening of pulse piessure and transient increase m ^enous 
piessure 

In the piesent investigation the effect of the administiation mtia- 
venously of isotonic solutions of sodium chloride on lenal function in 
noimal man has been studied The changes which occui in the S}Stcmic 
ciiculation after this piocedure, if shared directly by the glomciiilai 
capillaiy circulation, should affect the glomerular filtration late, accoiding 
to the filtiation-ieabsorption theory of renal function Accoiding to this 
theoi}^ the glomerulai filtration rate is determined by the total function- 
ing glomerulai capillary suiface, the effective filtration pres=uie in the 
glomeiulai capillaiies and the rate of lenal blood flow The inciease in 
blood volume, the lowering of plasma protein concentration and the 

increase m cardiac output which occui after the intia\enous injection of 
' " ■ "* • 

From the Medical Research Laboratories of the Beth Israel Hospital and the 
Department of Medicine, Harvard Medical School 

1 (a.) Gilhgan, D R , Altschule, M D, and Volk, M C The Efucts on 
the Cardiovascular System of Fluids Administered Intra\enoush in Man I 
Studies of the Amount and Duration of Changes in Blood Volume, J Clin Iinesti- 
gation 17 7, 1938 (fc) Altschule, M D, and Gilligan, D R The Eftccts on 
the Cardiovascular Sjstem of Fluids Administered Intra\ enoush in Man II The 
Dynamics of the Circulation, ibid 17 401, 1938 
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fluids would be expected, theiefore, so to alter these factors associated 
with renal function as to increase glomeiular filtration, unless specific 
adjustments in the renal vascular dynamics inteivene 

MATERIAL AND METHODS 

Volumes of 1,000 or 1,500 cc of physiologic solution of sodium chloride were 
given intravenously at rates of from 28 to 125 cc per minute to 8 adult subjects 
with normal renal and cardiovascular functions For convenience, the urea clear- 
ance was utilized as a measure of relative glomerular filtration rate The urea 
clearance was determined for two periods of approximately one hour each before 
the injection of fluids, during the injection and for two or three periods embracing 
the first three hours after injection The arterial and venous blood pressure, pulse 
rate, concentration of serum protein and hematocrit value were measured before 
and immediately after administration of the fluid The extent of change in blood 
volume was estimated The methods utilized in these measurements, with the 
exception of the urea clearance, were outlined in our earlier studies , ^ the change 
in blood volume was calculated from the changes in protein concentration and 
hematocrit value, as described in method A of our previous communication Urea 
clearance was measured according to the method of Van Slyke, Page, Hiller and 
Kirk- Both maximum and standard clearances were calculated in percentages of 
the mean normal, the values thus being made diiectly comparable “Urea plus 
ammonia” nitrogen was measured by the urease method and b> aeration For 
calculation of the clearance the volume of urine was corrected for body weight ^ 
Specimens of urine were obtained from an inlying catheter in 4 subjects A light 
breakfast without tea or coffee was gnen at 7 a ni , and a light lunch was given to 

5 of the patients at 1 p m Subjects vere requested to drink a glass of water each 
hour during the control periods so as to insure sufficient output of urine for reliable 
clearance tests Specimens of urine vcrc collected from approximately 9am 
to 3 p m 

Because the fluid injected intravenousl}’’ diluted the plasma, samples of blood 
for measurement of the urea in the scrum vere taken before the injection, imme- 
diately after the injection and again at the end of cither the first or the second 
period after injection The urea concentration of the scrum taken prior to injection 
was utilized in the calculation of the urea clearances used as controls The average 
of the values before injection and those at the end of injection was used for the 
calculation of the clearance during tlie period of injection Similarly, for the period 
following injection the average of the values for serum obtained at the beginning 
and at the end of the period was used in the instances in which the blood urea 
was measured at the end of this period, in these cases this last value for serum was 
used for the next two periods In those instances in which the serum urea was 
measured at the end of the second period after injection, the values for the first 
and second periods after injection were calculated by intcipolation from the latter 

2 Van Slyke, D D , Page, I H , Hiller, A., and Kirk, E Studies of Urea 
Excretion IX Comparison of Urea Clearances Calculated from the Excretion of 
Urea, of Uiea Plus Ammonia, and of Nitrogen Determinable by Hypobromite, 
J Clin Investigation 14 901, 1935 

3 McIntosh, J F , Moller, E , and Van Slyke, D D Studies of Urea 
Excretion III The Influence of Body Size on Urea Output, J Clin Investigation 

6 467, 1928 
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* Tho values given are those obtained at the end of the period for the mrthod us^hI 1 1 
estimation of mean values for calculating clearance in anv guen period ‘^ee errtion oa 
“Methods ” 

t In each Instance tho figures for hematocrit reading': "cnim protein and vcaou" p’-c'^ure 
represent values obtained just before and immcdiatclv after injection 

J Tho period which has been de‘:ignnted with boldface flgurrt In each cnee 1= the one 
during which fiuid was Injected the aalue for cerum urea m thic jme is that obtained at 
the end of injection 

§ Plasma volume increase, calculated bv n««Hming the initial bernatoent \ ib e to be 
40 per cent 
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value and the one obtained at the end of injection, the value at the end of the 
second period after injection was used for the calculation of the clearance in 
the last period 

RESULTS 

The concentration of serum protein and the hematocrit value 
decreased after the injection of fluids m all of the 7 cases m which 
these measurements were made The decreases m protein concentra- 
tion were approximate^ 25 per cent in the 3 instances in which 1,500 cc 
of fluid was given at rates of from 82 to 125 cc per minute (table) 
The calculated blood volume showed increases varying from 60 to 
970 cc , the larger increases occurring in cases m which the larger 
volumes of fluid weie injected at the faster rates (table) The pulse 
rate and the arterial blood pressure were not significantly alteied The 
venous pressure increased during injection m 6 of 7 studies, the average 
increase being 4 cm of water and the gieatest increase 8 cm (case 6, 
table) These results accord with our earlier observations ^ 

The values for urea clearance obtained dm mg the period of injec- 
tion of fluids and during the one hour peiiod after the end of injection 
showed no consistent changes from those obtained during control 
periods In 1 instance (case 2) the clearance during the period of 
injection was 40 per cent higher than that in the control periods , during 
the first period after the injection the clearance was 40 pei cent 
lower than the average control value in 1 instance (case 4) and 60 per 
cent higher in another Instance (case 6) Similarly, theie were no con- 
sistent changes in clearance during the latci periods of study, in 1 of 
the 8 studies, the clearance value for a latei peiiod was considerably 
higher (case 1) than the average control value 

COMMENT 

Peters'* le-iiewed the evidences that the area of the glomeiular 
filtering surface, the lenal blood flow, the osmotic pressure of the plasma 
proteins and the glomerular capillaiy pressuie aie impoitant factors 
in determining the glomerular filtration late, accoiding to the filtration- 
reabsorption theory of lenal function Since the intravenous injection 
of fluids as carried out in the present studies induces inci eased blood 
volume, increased cardiac output and lowering of the concentration of 
the plasma proteins (table),* this piocedure should increase glomerular 
filtiation, unless specific changes m the lenal circulatory system intervene 

Our studies demonstrate no effect on the urea clearance of the com- 
bination of changes in systemic ciiculation occurring after the injection 
of isotonic solutions of sodium chloride intravenously The occasional 
high or low results obtained in a single one hour peiiod duimg or after 

4 Peters, J P Body Water The Exchange of Fluids in Man, Springfield, 
111 , Charles C Thomas, Publisher, 1935 
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the end of injection in a few of the experiments (table) are inteipieted 
as not significant with respect to the injection of fluid , similai results 
have been obtained by others who have studied the normal variations 
m urea clearance during several successive one hour periods It is to 
be noted that the increases in blood volume and decreases m plasma 
protein concentration were pronounced in the subjects receiving 1,500 cc 
of fluid at rapid lates (cases 6, 7 and 8, table) , it was found in oui 
earlier studies^" that aftei such injections changes in the blood \olumc 
and plasma protein were still appreciable up to approximately tvo 
houis after the end of injection Peripheral \ asodilatation, as evidenced 
by flushing of the skin, occurred in a majority of the subjects in the 
present study Presumably, increases in cardiac output and velocity of 
blood flow occurred during the period of injection and during at least 
a part of the subsequent period of measurement of uiea cleaiance^’’ 

We have utilized the urea clearance test as a lelative measure of 
glomeiulai flltiation rate Urea is reabsorbed by the tubules so that 
the amount of blood cleared of urea per minute does not repiesent an 
absolute measuie of glomerular filtration late However, since the 
maximum urea cleaiance varies pioportionately with the clearances of 
creatinine, suciose, inulin and xylose,'^ the test is geneially accepted as 
a relative measure of glomerular filtiation rate Values for the uiea 
clearance as expiessed in percentages of the aveiage noimal aie pie- 
sented iti the table so that standard and maximum cleaiances aie directly 
compai able 

The absence of mci eases m glomerular filtration late with the 
changes in systemic circulation occurring after the administiation of 
fluids intiavenously seems to result from specific adjustments in the 
renal vascular dynamics, affoided by the peculiar anatomic and vaso- 
motoi characteristics of the lenal vascular system 

There are numerous other examples in the hteratuie which demon- 
stiate constancy of glomerular filtration rate in spite of changes in 
systemic circulation Thus, although the caidiac output and the aiteiial 
blood pressure aie increased by stienuous muscular exeicise, the urea 
cleaiance is not increased, and even may be deci eased, under such con- 
ditions ° The glomeiulai rate is not affected b} the injection of 

5 Winkler, A W, and Parra, J The Measurement of Glomerular Filtra- 
tion Creatinine, Sucrose, and Urea Clearances in Subjects Without Renal Disease, 
J Clin Investigation 16 859, 1937 Shannon, J A , and Smith, H W The 
Excretion of Inulin, Xjdose and Urea by Normal and Phlonzinized !Man, ibid 14 
393, 1935 Van Sljke and others 2 

6 MacKa>, E M Studies of Urea Excretion V The Diurnal Variation 
of Urea Excretion in Normal Indniduals and Patients wntli Bright’s Disease, 
J Clin Investigation 6 505, 1928 Van Sljke, D D , Ahing, A , and Rose, W C 
Studies of Urea Excretion VII The Effects of Posture and Exercise on Urea 
Excretion, ibid 11 1053, 1932 
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epinephrine ‘ The glomerulai filtration rate is not increased in patients 
with high blood pressure due to essential hypertension,® nor does it 
decrease when the arterial blood pressure decreases either spontaneously 
or after unilateral renal denervation ® Either no change or a slight 
decrease in glomerular filtration rate has been observed when peripheral 
vasodilatation and decrease in arterial blood pressure are brought about 
by the administration of sodium nitrite to normal subjects and patients 
with primary hypertension^® The glomerular filtration late is not 
increased in artificially induced hypei pyrexia, with its accompanying 
increased cardiac output Normal glomeiular filtration obtains in 
patients with hypoproteinemia due to piotein malnutrition or to the 
nephi otic state 

Decreased glomerular filtration is found, on the other hand, in the 
presence of shock,^ when the blood pressure is lowered during spinal 
anesthesia,^" and in oliguria due to dehydration^® EflFective tieatment 
of such conditions with intravenous injections of fluids undoubtedly 
lesults in increased glomerular filtration rate It appears that the lenal 
ciiculation in man can so adjust itself as to maintain relative constancy 
of glomerulai filtration, except undei conditions of extieine demand on 
the systemic cuculatoi} system 

Keutmann and Bassett repoited an inciease in urea cleaiance in 
a nephritic patient on the day after a tiansfusion of 800 cc of plasma, 
the}' suggested that the increased glomerular filtration rate 'resulted 
from inci eased plasma volume In an unreported stud}, we noted no 
change m urea clearance after the tiansfusion of 500 cc of blood in 
a nephritic patient with a urea clearance of 5 per cent of noiinal, in 
the case of another nephritic patient, with a control clearance of 4 per 

7 Chasis, H , Ranges, H A , Goldrmg, W , and Smith, H W The Control 
of Renal Blood Flow and Glomerular Filtration in Normal Man, J Clin Investiga- 
tion 17 683, 1938 

8 Roelsen, E Determination of the Permeabihtj' of Tissues to Creatinine 
by the Holten and Rehberg Method in H 3 'pertension, Hospitalstid 75 579, 1932 

9 Page, I H The Effect on Renal Efficiency of Lowering Arterial Blood 
Pressure in Cases of Essential Hypertension and Nephritis, J Clin Investigation 
13 909, 1934 

10 Weiss, S , and Ellis, L B Influence of Sodium Nitrite on the Cardio- 
vascular System and on Renal Activity in Health, in Arterial Hypertension and in 
Renal Disease, Arch Int Med 52 105 (July) 1933 

11 Farr, L E, and Moen, J K Effect of Induced Hyperpyrexia on the Urea 
Clearance of Rheumatic Patients, Am J M Sc 197 53, 1939 Chasis and others 

12 Lassen, H C A , and Plusfeldt, E Kidney Function and Blood Pressure, 
J Clin Investigation 13 263, 1934 

13 Chesley, L C Renal Excretion at Low Urine Volumes and the Mechanism 
of Oliguria, J Chn Investigation 17 591, 1938 

14 Keutmann, E H , and Bassett, S H Studies on the Mechanism of Pro- 
teinuria, J Chn Investigation 16 767, 1937 
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cent of normal, 1,000 cc of physiologic solution of ‘^oduim chlorulc 
administered intravenously at the rate of 28 cc per minute did not aflect 
the urea clearance 

Medes and Herrick observed a parallelism beU\een lenal blood 
flow, as measured b}^ the thermostromuhr, and cieatmine clearance in 
the dog Van Slyke and his associates.^® using the method of cxplanting 
the kidney, also demonstrated that in the dog spontaneous Aariations 
in urea clearance paiallel chiefly vaiiations in renal blood flow Cha'^is 
and his co-woikers" measuied cleaiances of diodiast phenolsulfon- 
phthalein and muhn simultaneously in man to obtain intormation on 
the effect on the glomeiular filtration rate of changes in renal blood 
flow brought about by certain drugs If it is coi rect to assume that the 
diodrast clearance is an exact oi proportional measurement of renal 
blood flow, the results of these authors indicate that the glomeiular 
filtration late m man may not be affected by changes in renal blood flow ’ 
These authors pointed out that this ma} obtain, since eftectne glomciulai 
capillaiy pressuie and effective glomeiulai filteiing suitace aie affected 
by the state of both the affeient and the efieient arterioles of the kidne\ 

Schmitz studied the glomei ulai filti ation i ate, as measured b\ the 
creatinine cleaiance, after the intiavenous injection of plnsiologic solu- 
tion of sodium chloride in dogs In contrast to our results in man, 
he found laige inci eases in cleaiances in the dog The findings of 
Chasis and his co-w'oikers ' indicate that m man the glomerulai filtration 
rate does not vary directly, wuthin ceitam limits, wnth renal blood 
flow% whereas other investigators haAe found that m the dog the filtra- 
tion rate does \ary wnth renal blood flow' Van Sl)ke and his as'^o- 
ciates pointed out that the Aaiiations in urea clearance produced b} 
alterations m diet and othei changes are much greater in the dog than 
in man The difference between the results of Schmitz aftei the 

15 Medes, G, and Heriick, J F Blood Flow to the Kidney and Creatinine 
Clearance, Proc Soc Exper Biol S: Med 31 116, 1933 

16 Van Slj'ke, D D , Rhoads, C P , Hiller, A, and AKing, A S Rela- 
tionships Between Urea Excretion, Renal Blood Flow', Renal Oxjgen Consumption 
and Diuresis The Mechanism of Urea Excretion, Am J Physiol 109 336, 1934 

17 The average eftective renal blood flow of 775 cc per square meter of i)od\ 
surface per minute obtained by these authors for normal man at rest appears too 
great, being approximately 35 per cent of the total output of the left aentnclc w th 
the subject at rest Calculations from the data of E K Marshall Jr (Studies on the 
Cardiac Output of the Dog I The Cardiac Output of the Normal Unancsihetizcd 
Dog, Am J Ph 3 'siol 77 459,1926) on the cardiac output of the unane=theti7cd non- 
pregnant dog and of Van Sljke and his associates^® on the renal bloofl flov in 
the dog measured bj the method of Fick indicate that for this species the ’•enal 
blood flow' IS only 16 per cent of the output of the left ^cntrlcle 

18 Schmitz, H L Studies on the Action of Diuretics I The Effect of 
Euphjllin and Saljrgan upon Glomerular Filtration and Tubular Rcabsorption 
J Qin Iinestigation 11 1075, 1932 
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intravenous administration of fluids in dogs and our lesults in man may 
be attributable to differences based on species 

Since no exact regimen of administration of fluids by mouth was 
invoked in these studies,^® the natuie of the diuiesis hi ought about by 
the injections of physiologic solution of sodium chloride cannot be 
described exactly It is evident, however, that diuresis was not prompt 
(table) Similaily, the same volume of isotonic solution of sodium 
chloride when administered oiall)’^ to normal man is eliminated giadu- 
ally over a period of seveial hours, in contiast to prompt elimination 
of similar volumes of distilled water ^ 

SUMMAR\ 

The effect of the intravenous administiation of 1,000 to 1,500 cc 
of physiologic solution of sodium chloiide on the glomerular filtration 
rate, as measured relatively by the urea clearance, of adults with normal 
renal and caidioiascular functions has been studied The fluids were 
injected at rates sufficiently rapid to cause increases in blood volume 
and caidiac output, decreases in plasma protein concentration, transitory 
inci eases in venous pressure and evidences of peripheral i asodilatation 
The glomerular filtration rate was not changed by the injections of 
fluid, even in those cases in which gieat changes in the systemic 
circulation weie shown 

The absence of increase in glomeiular filtration in the presence of 
hypen'olemia, increased caidiac output and lowered protein osmotic 
pressuie, as induced in oui studies, appears to result from specific 
adjustments in the renal vascular dynamics No information is avail- 
able from our studies as to the nature of such renal adjustments 

These results, together with those obtained by other investigatoi s 
in certain clinical conditions and aftei the administi aiion of certain drugs 
demonstrate that the late of glomeiular filtration may not be affected 
in the piesence of laige changes in the systemic cn dilation 

19 Subjects were requested to drink a glass of water each hour during the 
control periods, so as to insure sufficient output of urine for reliable clearance 
tests , the overgenerous cooperation of patients 5, 6 and 8 explains the water 
diuresis observed in the control periods in these studies 



EXPERIMENTAL RENAL INSUFFICIENCY PRODUCED 
BY PARTIAL NEPHRECTO^^IY 

XI DIETS COKTAIXIXG DRIED EXTRACTED LINER 
ALFRED CHANUTIN, PhD 

AXD 

STEPHAN LUDEWIG, Pii D 

uxncRsm, va 

The effect of feeding diets containing vaiying peicentages of dried 
whole hvei to intact, unilaterally nephrectomi7ed and paitialh 
nephrectomized lats has been presented ^ In order to study the effect 
of removing the watei -soluble extracts, dried exti acted liver \Nas fed 
to a similar gioup of animals This investigation is concerned vith 
the effect of diets containing increasing amounts of diied c\ti acted 
liver on the weight of the kidne}’’ and of the heait, the blood pressuie, 
the renal function and the relation of the concentiation of uiea in the 
blood and that in the urine of intact, unilaterally nephiectomi/ed and 
paitially nephrectomized rats 

EXPERIMENTAL METHODS 

White rats, raised in the Laboratory of Pin siological Chemistry of the Uni- 
versity of Virginia, vere maintained on a stock diet until they vcrc between 60 
and 70 days old, w'hen unilateral nephrectomy or subtotal nephrectomy wa*; 
performed The details of the operative procedure and the care of the aiiimais 
have been described elsew'here'^ 

Renal function ivas determined by a modified Addis urea clearance tc't - and 

w'as represented by the urea ratio, . Blood pressure was read 

urcT in 100 cc of blood 

by direct cannulation of the carotid artery' -while the animal was under ether 
anesthesia The heart and kidney were weighed immediately after the animal was 
killed The surface area w'as calculated from the weight of the annual by the 
formula of Lee^ The weight of the heart and of the kidney per unit of surface 

From the Laboratory of Physiological Chemistry', the Uniieisity of Viiginia 

This imestigation w'as made possible by the Edward N Gibbs Prize Fund of 
the New' York Academy of jMedicine 

1 Chanutin, A Experimental Renal Insufficiency Produced b% P irtial 
Nephrectomy III Diets Containing Whole Dried Ln er Lncr Residue and Lncr 
Extract, Arch Int Med 54 720 (No\ ) 1934 

2 Chanutin, A, and Ludewig, S Experimental Insufficiency Producer by 
Partial Nephrectomy V Diets Containing Whole Dried Meat, Arch Int Med 
58 60 (July) 1936 

3 Lee, MO Am J Physiol 89 24, 1929 
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area is expressed by ■ ^ and ''J - , respectively The dried extracted liver 

was the residue from cold storage hog liver which had been thoroughly extracted 
with hot water (approximately 90 C ) The animals were fed the experimental 
diets from seventy to one hundred and seventy- five days The diets (table 1) are 
designated EL 10, EL 20, EL 40, EL 60 and EL 80 in accoi dance with the 
percentage of dried extracted liver used 


EXPERIMENTAL RESULTS AND ANALYSIS OF OBSERVATIONS 

Controls (Intact and Umlatoally Ncplu cctomized Rats ) — ^The 
eftects of diets on 161 intact and 96 unilaterally nephrectomized rats 
are shown in table 2, in which arc recorded obsertations of the dura- 
tion of the experiment, the surface area, the blood pressure, the 

ratio, the ratio, the total solids of the kidneys, 

the urea ratio and the _ ratio 

kidney eight 

Table 1 — Composition of Rations 


Concentration of Component In Diet, Ptrctntncc 
1 


Diet 

Dried 

Extracted 

Liver 

starch 

Lard 

Cod 

Lber 

Oil 

Dried 

least 

Salt 

Mixture 

XltroBcn 

ELIO 

10 

02 

14 

5 

5 

4 

15 

EL 20 

20 

52 

14 

5 

5 

4 

20 


40 

32 

14 

5 

5 

4 

51 

EL 00 

00 

12 

14 

5 

5 

4 

72 

EL SO 

SO 

0 


4 

0 

4 

00 


Blood Piessure and Heart Weight It is interesting that only 7 
of the 161 intact rats and 3 of the 96 unilateral!}’’ nephrectomized rats 
had blood pressures over 140 mm of meicury and none above 150 mm 
In these few animals the elevation m blood pressure did not appear 
to be related to the concentration of extracted dried liver m the diet 

The ratios, as presented in table 2, are fairly constant for all 
diets, with one exception The aveiage value of the ratio is 

kd A 

appreciably lower for the unilaterally nephrectomized rats on the 
EL 80 diet 

Kidneys The g ratios for the intact and the unilaterally 
nephrectomized rats, except those for the unilaterally nephi ectomized 
rats receiving the EL 80 diet, increase progressively with the increase 

in the intake of extracted livei When the- f - ^ ratios for the intact 
and the unilaterally nephrectomized animals receiving the EL 10 diet 
are expressed as unity, the respective ratios for the animals on the 
diets from EL 10 to EL 80 are as follows for the intact animals. 
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1, 106, 1 15, 1 33 and 137, for the unilaterally nephrectomized 
animals, 1, 10, 1 26, 1 38 and 1 30 A similar comparison of the total 
solids of the kidneys gives practically the same result 


Table 3 — Obseivaitoiis on Paitially NcpJiiectoimzed Animals Receiving a Diet 
Containing 10 pei Cent Dried Extracted Live) 






Heart 

Weight 

Kidnej 

Weight 



Bat 

Duration of 
Experiment, 
Days 

Surface 

Area, 

Sq Cm 

Blood 

Pressure, 

31m 

Surface 

Area, 

X 100 

Surface 

Area 

X lOO 

lotal Solids 
of the Ividnojs, 
percentage 

■Drca 

Ratio 

1 

97 

252 

130 

0158 

0 215 


12 

2 

97 

274 

134 

0190 

0 287 


18 

3 

97 

231 

ISO 

0251 

0175 


4 

4 

97 

244 

158 

0 215 

0 240 


S 

5 

97 

341 

132 

0174 

0180 


19 

6 

97 

265 

144 

0181 

one 



7 

97 

248 

130 

0160 

01C5 


S 

8 

97 

310 

128 

0181 

0188 



9 

97 

240 

130 

Old 

0175 


13 

10 

97 

262 

132 

0171 

0100 


8 

11 

97 

2S0 

128 

0173 

0174 



12 

122 

250 

142 

0177 

0102 

258 

13 

13 

124 

275 

ISO 

0188 

0 232 

22 7 

19 

14 

124 

230 

230 

0 253 

022S 

17 5 


15 

124 

238 

no 

0108 

0182 

232 

7 

10 

125 

297 

102 

0173 

0 201 


11 

17 

125 

205 

140 

0107 

0149 


0 

18 

125 

283 

193 

0197 

0 370 


s 

19 

125 

25S 

158 

0171 

0 284 


11 

20 

125 

230 

108 

0100 

0174 


13 

21 

125 

205 

152 

0179 

0190 


12 

22 

125 

274 

ICC 

0182 

0 302 



23 

125 

348 

154 

0190 

0 210 



24 

125 

200 

130 

0100 

0200 



25 

125 

389 

124 

0197 

0 240 

24 0 

22 

26 

125 

SOS 

144 

0 202 

0187 

22 0 

10 

27 

125 

289 

150 

0197 

0 244 

21 7 

9 

28 

125 

242 

228 

0250 

0232 


6 

29 

125 

258 

120 

0178 



14 

30 

127 

334 

120 

0 200 

0192 


13 

31 

127 

383 

134 

0192 

0 2CC 


10 

32 

127 

248 

130 

OIOS 

0170 


15 

33 

127 

205 

170 

0104 

0108 


7 

34 

127 

314 

132 

0172 

0197 


00 

35 

127 

232 

138 

0105 

0100 


9 

36 

127 

220 

132 

0151 

0174 


5 

37 

127 

328 

250 

0 235 

0 281 


7 

38 

127 

295 

193 

0197 

0 422 



39 

127 

302 

134 

0179 

0 233 



40 

127 

324 

128 

0188 

0 222 


10 

41 

140 

205 

100 

0195 

0 219 


0 

42 

152 

333 

182 

0 201 

0 323 


10 

43 

152 

250 

118 

Old 

0 225 



44 

152 

301 

152 

0 222 

0 231 


8 

45 

152 

274 

134 

0174 

0 274 


19 


Urea Ratios The average urea latios for the animals with intact 
kidneys receiving the EL 10, the EL 20, the EL 40, the EL 60 and 
the EL 80 diet are 44, 55, 60, 68 and 58, respective!}'' There is a 
significant piogressive increase in the values, followed by a maiked 
decrease for the animals leceiving the EL 80 diet The average values 
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for the unilaterally nephrectomized animals are 31, 46, 50, 48 and 46. 
respectively The ratio for the animals receiving the EL 10 diet is 
the only low value obtained, N\hile the remaining latios are fairh 
constant regardless of diet 

Table 4 — Obseivaiioiis on Partially Ncphicctoniized Animals Receiving a Diet 
Containing 20 per Cent Dited Exti acted Ltvci 


Hcnrt lildney 

Weicht WoKlit 



Duration of 

Surface 

Blood 

Surface 

Surface 

Total Solids 



iXperiment, 

Area, 

Pressure, 

Aren, 

Area, 

of the Kidnejs, 

Urtn 

Rat 

Dass 

Sq Cm 

5Im 

X 100 

X 100 

PcrccntnRe 

Ratio 

1 

124 

355 

122 

0181 

0 205 

20 3 

7 

2 

124 

285 

164 

0167 

0 370 

17 7 

10 

3 

124 

354 

138 

0160 

0 238 

220 

9 

4 

124 

307 

120 

0170 

0 304 

192 

IS 

5 

124 

340 

168 

0189 

0 248 

20 4 

10 

6 

126 

379 

130 

0178 

0 323 

171 

12 

7 

126 

374 

2(B 

0 213 

0 307 

14 3 

) 

8 

126 

285 

198 

0 280 

0 264 

101 

rt 

i> 

£> 

126 

403 

166 

0189 

0 313 

18 0 

17 

10 

126 

380 

142 

0197 

0 371 

18 9 

15 

11 

131 

354 

128 

0181 

0 244 


12 

12 

131 

328 

170 

0197 

0 208 


21 

13 

132 

370 

168 

0179 

0 297 


12 

14 

132 

374 

182 

0189 

0 200 


10 

15 

132 

398 

144 

0 213 

0290 


S 

16 

133 

362 

120 

0104 

0238 


25 

17 

133 

320 

102 

0191 

0 202 


19 

18 

133 

302 

132 

0173 

0 314 


10 

19 

133 

302 

170 

0187 

0 256 


14 

20 

133 

302 

224 

0 253 

0 212 


14 

21 

133 

379 

100 

0220 

0202 


8 

22 

133 

427 

164 

0183 

0 272 


29 

23 

133 

270 

106 

0190 

0 270 



24 

133 

341 

194 

0 200 




25 

133 

372 

202 

0 232 

0 350 



26 

133 

346 

130 

0171 

0 218 


29 

27 

146 

306 

102 

0 233 

0 402 



28 

146 

366 

132 

0181 

0 206 


18 

29 

150 

380 

ISO 

0 259 

0 302 


i 

30 

150 

310 

154 

0195 

0 242 


3 

31 

150 

289 

170 

0 248 

0 390 


9 

32 

150 

314 

182 

0 293 

0 206 


5 

33 

160 

322 

146 

0 242 

0 480 


22 

34 

150 

374 

106 

0106 

0 334 


4 

35 

154 

291 

140 

0191 

0 358 



36 

164 

278 

194 

0228 

0 232 


8 

37 

161 

345 

148 

0177 

O’ni 


4 

38 

154 

3S0 

140 

0182 

0 374 


11 

39 

161 

289 

164 

0193 

0 474 


1 

40 

154 

350 

158 

0180 

0 300 


17 

41 

154 

360 

148 

0193 

0 204 




The ratios aie 39. 38, 38, 38 and 33 foi the intact rats 

kidne\ ■weicrht 

receiving the EL 10, the EL 20, the EL 40, the EL 60 and the EL 80 
diet, 1 espectively , for the unilaterally nephrectomized rats the latio*: 
aie 36, 43, 38, 36 and 39, respectively Despite the wide Aariations 
in diet, it is seen, these ratios are extiemely constant for both the 
intact and the unilateialh nephrectomized rats 



Table S — Observations on Partially Nephrectonnzed Animals Receiving a Diet 
Containing 40 per Cent Dried Extracted Livei 






Heart 

■Weight 

Kidney 

Weight 



Kat 

Duration of 
Expenment, 
Days 

Surface 

Area, 

Sq Cm 

Blood 

Pressure, 

Mm 

Surface 

Area, 

X 100 

Surface 

Area, 

X ICO 

Total Solids 
of the Kidneys, 
Percentage 

Urea 

Patio 

1 

71 

316 

126 

0174 

0 280 


19 

2 

71 

256 


0148 

0250 


13 

3 

71 

205 

102 

0164 

0 445 


10 

4 

71 

350 

132 

0159 

0 390 


SO 

5 

71 

280 

122 

0151 

0 243 


28 

6 

71 

307 

132 

0160 

0 273 


25 

7 

73 

380 

148 

0179 

0 55S 


10 

8 

73 

291 

130 

0 200 

0 250 


9 

9 

73 

208 

134 

0148 

0286 


12 

10 

73 

283 

130 

0155 

0 383 


12 

11 

73 

292 

134 

0137 

0 258 


10 

12 

101 

2(4 

124 

0102 

0 405 

15 0 

10 

13 

101 

341 

130 

0171 

0 302 

13 4 

5 

14 

101 

303 

142 

0170 

0 514 

12 0 

6 

15 

103 

300 

126 

0177 

0 293 

20 8 

17 

16 

103 

308 

124 

0100 

0 204 

207 

22 

17 

103 

291 

178 

0 228 

0 204 

15 1 

6 

IS 

103 

308 

123 

0100 

0 231 

20 8 


19 

103 

374 

142 

0179 

0 291 

21 S 


20 

125 

372 

104 

0191 

0 440 

10 3 

13 

21 

125 

411 

150 

0160 

0 322 

18 0 

20 

22 

125 

334 

17b 

0223 

OC33 

10 6 

3 

23 

125 

350 

130 

0174 

0350 

10 7 

12 

24 

125 

373 

126 

0105 

0 318 

22 0 

23 

23 

126 

291 

134 

0155 

0 5)4 

14 0 

13 

26 

120 

356 

144 

0180 

0 487 

13 2 

8 

27 

120 

285 

130 

01(3 

0 348 

ISO 

13 

28 

120 

320 

184 

0 232 

0 384 

13 4 

3 

29 

120 

303 

132 

0150 

0 247 

210 

27 

30 

120 

299 

ISO 

0210 

0 594 

14 7 

10 

31 

127 

379 

144 

0109 

0 140 

10 7 

9 

32 

127 

320 

150 

0103 

0 447 

15 7 

10 

33 

127 

361 

134 

0165 

0 410 

17 0 

15 

34 

127 

380 

133 

0 210 

0 483 

14 9 

7 

35 

127 

353 

172 

0 227 

0 573 

17 0 

4 

30 

127 

340 

134 

0187 

0 440 

19 7 


37 

127 

374 

142 

0195 

0 523 

14 8 

10 

38 

127 

350 

192 

0 230 

0 578 

11 7 


39 

132 

206 

193 

0195 

0 430 

16 7 


40 

132 

283 

140 

0172 

0 309 

18 9 

8 

41 

132 

270 

102 

0170 

0 341 

16 9 

10 

42 

132 

275 

130 

0a59 

0 290 

19 9 


43 

132 

285 

144 

0159 

0 358 

10 8 

8 

44 

132 

278 

130 

0152 

0 245 

208 

12 

45 

132 

268 

100 

0197 

0 201 

15 9 


46 

132 

299 

158 

0159 

0 340 

15 0 


47 

132 

258 

214 

0 222 

0 385 

14 0 

4 

48 

132 

230 

128 

0167 

0 350 

200 

9 

49 

132 

302 

158 

0184 

0 315 

18 7 

11 

50 

132 

280 

102 

0 205 

0 495 

14 0 

6 

51 

134 

270 

126 

0102 

0 305 

18 0 

6 

52 

134 

313 

154 

0250 

0 035 

12 8 

5 

53 

134 

379 

140 

0182 

0 374 

208 

15 

54 

134 

291 

156 

0147 

0 452 

13 6 


55 

134 

208 

136 

0153 

0 340 

13 6 

13 

50 

142 

283 

133 

0159 

0 421 



57 

142 

275 

202 

0 207 

0 583 


4 

58 

142 

285 

210 

0 209 

0 312 


4 

59 

142 

283 

196 

0199 

0 500 


8 
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From table 2 it appears that blood pressures belo\\ 140 mm of 
mercury and urea ratios above 30 ma\ be accepted as normal for all 
animals 

Table 6 — Observations on Partially Ncphi cctomiccd Animals Rccuzmg a Diet 
Containing 60 per Cent Dticd Extracted Liter 


Ilenrt Klilnej 

WeiKht VV ciclit 



Duration of 

Surface 

Blood 

Surface 

Surface 

Toni Solids 



Experiment, 

Area, 

Pressure, 

Area, 

Area 

of the Kidm js, 

Lre i 

Rat 

Days 

Sq Cm 

Mm 

y 100 

y ICO 

Percentnrre 

Ratio 

1 

89 

314 

100 

0 230 

0 550 

14 7 

8 

2 

89 

2G5 

100 

0 177 

0 510 

13 5 

11 

3 

89 

270 

154 

0179 

0 508 

32 0 

0 

4 

89 

300 

102 

0 183 

0 473 

12 9 

0 

6 

89 

334 

140 

0193 

0 431 

17 4 

10 

0 

89 

307 

I’ll 

0183 

0 455 

13 2 


7 

91 

250 

142 

0181 

0 029 



8 

91 

297 

130 

01,9 

0 513 


15 

9 

91 

304 

158 

0191 

0 3-J5 


0 

10 

90 

324 

158 

0 232 

0 72u 


0 

11 

98 

374 

142 

0108 

0 022 


o-> 

12 

93 

274 

142 

0 ICC 

0 470 


12 

13 

98 

248 

130 

0 202 

0 484 



14 

93 

291 

123 

0158 

0 481 


17 

15 

93 

200 

134 

0140 

0 395 


17 

16 

104 

25G 

190 

0 228 

0 302 

13 5 

2 

17 

104 

250 

102 

0 223 

0 302 

120 

t 

IS 

104 

289 

158 

0205 

0 453 

17 8 

9 

19 

104 

202 

134 

0175 

0 295 

18 8 

13 

20 

100 

334 

142 

0 220 

0 050 

13 0 


21 

100 

289 

152 

0180 

0 331 

ISO 

15 

22 

100 

301 

193 

0195 

0 450 

14 C 

9 

23 

107 

330 

190 

0199 

0113 


9 

24 

107 

307 

170 

0180 

0 004 


2r> 

25 

107 

283 

122 

0151 

0 372 


23 

20 

109 

313 

152 

0170 

0 012 

128 


27 

109 

244 

200 

0 205 

0 020 

11 7 


23 

109 

283 

143 

0180 

0 534 

15 7 

H 

29 

109 

2G0 

100 

0190 

0 033 

15 0 

15 

30 

109 

200 

193 

0180 

0 540 

13 8 

10 

31 

113 

297 

148 

0185 

0 442 

10 8 

11 

32 

113 

278 

170 

0180 

0 jOS 

13 0 

t 

33 

113 

310 

172 

0174 

0 471 

17 4 

7 

34 

113 

280 

103 

0 210 

0 370 

138 

19 

35 

12G 

200 

144 

0180 

0 770 

12 7 

10 

30 

12G 

274 

138 

0104 

0 491 

IC o 


37 

12G 

285 

loG 

0108 

0 740 

HO 

18 

38 

14G 

270 

140 

0141 

0 383 


10 

39 

140 

295 

130 

0155 

0 417 


17 

40 

140 

310 

140 

0183 

0 730 


7 

41 

14G 

270 

124 

0151 

0 390 


15 

42 

14G 

295 

128 

0157 

0 308 


22 

43 

148 

270 

144 

0135 

0 454 


12 

44 

148 

244 

122 

0151 

0 293 


10 

45 

148 

308 

150 

0101 

0 854 


10 

46 

148 

240 

130 

0200 

0 080 


•J 


Paifwlly Neph ectoimccd Rats — ^The duration of the exj^eriment, 
the surface area, the blood pressure, the ratio, the ratio, 

the total solids of the kidney and the urea ratio for partiall} 
nephrectomized rats receiving the EL 10, the EL 20, the EL 40, the 
EL 60 and the EL 80 diets are sliowm m detail m tables 3 to 7 
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Charts 1 to 5 weie prepared from these tables to facilitate comparison 
of the effects of the different diets on the blood pressure, ^ y- ratio, 

o A. 

the urea ratio and the relation between the concentiation of urea in 
the blood and m the urine 

Blood Pressure The data on blood pressure aie summarized in 
chart 1 The group receiving the EL 20 diet had the greatest percentage 

Table 7 — Obset vahom on Pat hally Ncphrcctomized Animals Receiving a Diet 
Containing 80 pet Cent Diied Exit acted Ltvct 


Heart Mdncy 

Wcicht Weisht 



Duration of 

Surface 

Blood 

Surface 

Surface 

Total Solids 



E'cperiment, 

Area, 

Pressure, 

Aren, 

Area, 

of the Kidneys, 

Urea 

Eat 

Days 

Sq Cm 

Mm 

X 100 

X 100 

Perccntaco 

Eatio 

1 

82 

232 

152 

0172 

0 361 


12 

2 

86 

280 

140 

0153 

0 438 


17 

3 

89 

254 

144 

0158 

0 478 


18 

4 

89 

248 

146 

0165 

0 529 



5 

96 

248 

118 

0154 

0 433 


17 

G 

96 

24G 

132 

0163 

0 061 


15 

7 

90 

292 

150 

0167 

0 838 


14 

S 

100 

289 

142 

0 155 

0 475 

21 1 

18 

9 

101 

274 

152 

0177 

0 085 

12 3 

10 

10 

101 

278 

200 

0192 

0 781 

116 

12 

11 

101 

323 

104 

0177 

0 623 

11 6 

14 

n 

101 

348 

152 

0172 

0 593 

17 9 

21 

13 

106 

234 

150 

0100 

0 410 


13 

14 

100 

272 

152 

0187 

0 534 

14 8 

8 

15 

106 

270 

174 

0 202 

0 740 

12 9 

10 

16 

100 

242 


0195 

0 526 

14 9 

11 

17 

107 

316 

130 

0170 

0 415 


24 

IS 

107 

320 


0171 

0 447 


24 

19 

107 

297 

138 

0161 

0 446 


10 

20 

107 

25S 

CO 

0153 

0 830 


18 

21 

109 

274 

130 

0148 

0318 

19 7 

20 

22 

117 

260 

ISO 

0161 

0 353 


15 

23 

117 

258 

124 

0162 

0 696 


20 

24 

122 

304 

ISO 

0170 

0 450 

17 7 

17 

25 

122 

313 

134 

0174 

0 577 

17 0 

20 

26 

122 

222 

120 

0150 

0 408 

171 

11 

27 

122 

304 

144 

0169 

0 511 

ISO 

24 

28 

138 

289 

134 

0145 

0655 

13 9 

11 

29 

138 

278 

134 

0102 

0 717 

13 9 

7 

30 

138 

275 

172 

0140 

0 510 

19 0 

22 

31 

138 

254 

134 

0150 

0 476 

16 2 

13 

32 

138 

280 

156 

0 175 

0006 

13 4 

8 

33 

138 

232 

122 

0178 

0 480 

13 2 

4 


of animals with pressures above 160 and above 180 mm of mercur)% 
and the group receiving the EL 80 diet had the smallest percentage of 
hypertensive animals In order to determine the effect of diet on 
the incidence of unusually high piessures, the percentage of rats with 
blood pressures above 200 mm in the gi oup receiving each diet was listed 
as follows EL 10, 16 , EL 20, 22 , EL 40, 14 , EL 60, 13, and EL 80, 3 
The highest individual blood pressure, 250 mm , was noted in an animal 
receiving the EL 10 diet 
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A positive relation between the height of blood pressure and the 
degiee of cardiac hypertrophy has been demonstrated^ b} calculating 

the coefficient of correlation between the blood piessuie and the-|^ 
ratio In the present study the coefficients with their piobable errors, 
listed according to the diet, are as follows EL 10, 0 76 dz 0 04, 
EL 20, 0 49 ± 0 08, EL 40, 0 59 rfc 0 06, EL 60, 044 dz 0 08, and 
EL 80, 0 49 dz 0 09 A fairly high degree of coi relation was obtained 
for the animals receiving the EL 10 diet, and a substantial i elation 
was noted for the remaining gioups 
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Chart 1 — Effect of diet on the blood pressure of partially nephrectomized rats 
The figuies in parentheses represent the number of animals 


Kidneys The data on the total solids of the kidneys per bundled 
squaie centimeteis of surface area are piesented m chait 2 This value 

is moie reliable than the J" ratio, since vaiiations m the watei 

content of the stump of the kidney are eliminated The aveiage values 
for the diied kidneys expressed in milligrams with standard errors are 
47 dz 2 1, 56 dz 2 3, 64 dz 1 8, 74 zfz 3 1 and 85 dz 3 4, for the animals 
leceiving the EL 10, the EL 20, the EL 40, the EL 60 and the EL 80 

4 Chanutin, A , and Barksdale, E E Experimental Renal Insufhciencv 
Produced by Partial Nephrectomy II Relationship of Left Ventricular Hjper- 
trophj’^, the Width of the Cardiac Muscle Fiber and Hypertension in the Rat, Arch 
Int kfed 52 739 (Nov ) 1933 
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Chart 2 — Effect of diet on the total solids of the kidnejs per hundred square 
centimeters of surface area 
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Chart 3 — Effect of diet on the urea ratio of partially nephrectomized rats 
The figures in parentheses represent the number of animals 
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diet, respectively When the a^e^age value for the animals recening 
the EL 10 diet is expressed as 1, the respective ratios for the diets 
are 1 0, 1 19, 1 36, 1 57 and 1 81 This is interpreted to mean that 



Chart 4 — Relation of the adjusted curves for blood urea and urine urea 



Chart 5 — Relation between the concentration of urea in the blood and the urea 
ratio expressed as percentage of the mean normal value 

hypertrophy of renal tissue pi ogresses vith the mciease in the ingestion 
of protein 

Urea Ratios The incidence of the urea ratios is summarized m 
chart 3 The group receiving the EL 40 diet had the highest 
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peicentage of ratios below 5 All groups with the exception of that 
receiving the EL 80 diet had a laige percentage of lelatively low latios, 
indicating marked renal insufficiency 

Effect of Diet on the Blood Urea and Urine Urea Urea clearance 

was determined from the ratio 51^? Jr . At any given urea 

latio Wide variations in the concentrations of urea m the urine and 
the blood were obtained foi each diet, and these data are presented 
in chart 4 It is seen that the values for blood urea are progressively 
increased with increase in the intake of protein at any given urea ratio, 
except for the animals receiving the EL 80 diet The inability of 
animals with severe renal insufficiency to excrete administered urea 
was accompanied by extraordinarily marked retention of urea m the 
blood, particulai 1}' with the higher concenti ations of protein in the diet 

The curves m chart 5 represent an analysis of the effect of diet on 
the concenti ation of urea in the blood at any given urea ratio expressed 
as peicentage of the mean normal The concentration of urea in the 
blood IS not affected appreciably by diet until renal insufficiency is 
encountered 

SUMM \RY 

The effect of feeding diets containing various percentages (10, 20, 
40, 60 and 80) of dried extracted livei to lats with intact kidneys and 
to unilaterally nephrectomwed and partially nephiectomired rats has 
been studied 

The ingestion of these diets by intact and by unilaterally neph- 
Tectomized animals was accompanied by the following changes 

1 Blood pressuie was not affected by diet 

2 The ratio was fairly constant for all groups except 

surface area o x x 

that a low value was observed for the unilaterally nephrectomized lats 
fed the EL 80 diet 

2 kidne> eight mcieascd progressiv'^eL with increase in 

surface area x o j 

the intake of protein except that the unilaterally nephrectomized rats 
receiving the EL 80 diet had a low ratio 

4 The urea latio per gram of kidney was fairly constant for all 
diets, indicating a direct relation between the degree of renal hypei- 
trophy and the degree of renal function 

The syndrome in partially nephrectomized rats was affected by the 
percentage of extracted hvei in the following manner 

1 The frequency and degree of hypertension were not directly 
related to the amount of exti acted liver in the diet The most marked 
hypertension was noted in the animals receiving the EL 20 diet, and 
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the lowest incidence occurred in the group receiving the EL 80 diet 
A close relation between the height of blood pressure and the degree of 
cardiac hypertrophy was demonstrated for all dietar}^ groups 

2 The total solids of the kidneys increased progressnely with 
increase in ingestion of piotein 

3 The animals receiving the EL 40 diet appealed to have the 
greatest degree of renal insufficienc}’-, as determined by the urea ratio 

4 The concentration of urea in the blood and m the uiine at any 
given ratio increased with inciease in the intake of protein except in 
the gioup receiving the EL 80 diet 



EXPERIMENTAL RENAL INSUFFICIENCY PRODUCED 
BY PARTIAL NEPHRECTOMY 

XII DIETS CONTAINING DRIED EXTRACTED MEAT 
ALFRED CHANUTIN, PhD 

AND 

STEPHAN LUDEWIG, PhD 

UNIVERSITY, VA 

The effect of diets containing varying concentrations of dried whole 
beef muscle on tlie intact, the unilaterally nephiectomized and the 
partially nephrectomized rat has been dealt with m a previous paper ^ 
The present report is concerned with the effect of feeding diets 
containing dried extracted beef muscle on the blood pressure, heart 
weight, kidney weight and renal function of intact, imilaterally neph- 
rectomized and partially nephrectomized rats 

EXPERIMENTAL METHODS 

The experimental procedures have been described in previous papers ^ Briefly, 
they are as follows Partial nephrectomy involved the removal of 80 to 90 per 
cent of total kidney tissue by a two stage operation , blood pressure readings were 
obtained by cannulation of the carotid artery, urine was collected for the concen- 
tration test for twenty-four hours from the rats deprived of food and water, and a 
modified urea clearance test of Addis ^ was used for determining renal function 

The five experimental diets used were designated EM 10, EM 20, EM 40, EM 60 
and EM 80 in accordance with the percentage of dried extracted meat (table 1), pre- 
pared by repeated extraction of cold storage lean beef muscle by hot water (approxi- 
mately 90 C ) The extracted meat residue was subjected to hydraulic pressure 
to get rid of the last trace of extract and then dried in steam heated containers 
The experimental animals were subjected to the respective dietary regimens for a 
minimum of seventy-five days and a maximum of one hundred and seventy-five days 

EXPERIMENTAL RESULTS AND ANALYSIS OE OBSERVATIONS 

Conttols (Intact and Umlatoally Nephiectomized Rats ) — The 
blood pressure, , k.dne^ concentration of 

^ surface area surface area 

mine, urea clearance and plasma nonprotein nitrogen concentrations 

From the Laboratory of Physiological Chemistry, the University of Virginia 

This investigation was made possible by the Edward N Gibbs Prize Fund 
of the New York Academy of Medicine 

1 Chanutm, A , and Ludewig, S Experimental Renal Insufficiency Produced 
by Partial Nephrectomy V Diets Containing Whole Dried Meat, Arch Int 
Med 58 60 (July) 1936 
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for 238 intact and unilateially nephrectomized rats on the lespectne 
diets are summarized in table 2 All of these data could not be obtained 
for every animal All rats were in good health when killed 

Blood Pressure and Heart Weight Of the 147 individual blood 
pressures for the intact rats, only 4 were above 140 mm Elc\en of 
the 90 unilaterally nephrectomized animals had blood pressures between 
140 and 150 mm The mean values for blood piessures of the intact 
and the unilaterally nephrectomized rats on each diet differed so little 
that the figures for both groups were used in calculating the standard 
error for the respective diets It is noted that there is little difference 
m the mean blood pressures for the various groups The average 
ratios are fairly constant for all diets This reflects the constancy of 
the average blood pressures and the relation between the ^ latio 
and the blood pressuie 

Table 1 — Composition of Rations 


Concentration of Component in Diet, Percentage 



Diet 

/ 

E\tractc(i 

Meat 

Starch 

Lard 

Cod Liver 
Oil 

Dried 

Yeast 

Salt 

Mixture 

Nitrogen 

EM 10 


10 

62 

14 

O 

5 

4 

191 

EM 20 


20 

52 

14 

5 

5 

4 

8 07 

EM 40 


40 

32 

14 

5 

5 

4 

5 54 

EM 60 


CO 

12 

14 

5 

5 

4 

8 39 

EM 80 


80 

6 


4 

0 

4 

n 10 


The E ratios increase progressively with an increase in the 
intake of protein If the average E ratio for the intact animals 
on the EM 10 diet is considered as 1, the intact animals on the EM 20, 
the EM 40, the EM 60 and the EM 80 diet show comparative ratios 
of 1 06, 1 18, 1 26 and 1 50, respectively, if the ratio for the unilaterally 
nephrectomized animals on the EM 10 diet is considered as 1, the 
increases are 1 05, 1 25, 1 41 and 1 59, respectively These lesults 
indicate that renal hypertiophy is slightly greater in the unilaterally 
nephrectomized rats than in the intact animals It w'as found that the 
total solids of the kidneys of the control groups w^ere practically all 
between 23 and 26 per cent of the w^et weight 

The standaid errors foi the uiea ratio ( urc-v _ cvcretcd in one iiour’s urme \ 

are comparatively small, although the indnidual values vary wudely 
The average values for the intact animals are 47, 58, 60, 64 and 71 
for the groups i eceivmg the EM 10, the EM 20, the ElM 40, the EM 60 
and the ElM 80 diet, respectively, wdiereas the ratios for the unilaterally 
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Averago and standard error for control animals on a specific diet 
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nephiectomized animals on the same diets are 48, 42, 49, 49 and 49 
The ratios for the unilateially neplirectomi/ed rats appear to be 
remaikably constant regardless of diet, indicating perhaps less flexibiht} 
of renal function 

Iiici eases of the kidney weights and uiea latios for the intact lats aie 
stiikingly proportional, as shown by the constanc} of the ' ^ 01^111 

ratios of 36, 37, 37, 38 and 32 foi the lats on the E]\I 10, the Ei\I 20, 
the EM 40, the EM 60 and the EM 80 diet, 1 espectively , hei eas 
the vaiied ratios for the unilaterally nephrectomized lats on these diets 
are 40, 36, 36, 33 and 29, respectively The latios foi the intact rats 
aie constant, but there is a deciease m the values foi the unilatciall} 
nephiectomized rats 

In geneial, there appeals to be little difference in the urinar}^ volumes 
or specific gravities of the uiines obtained during a concentiation test 
for the intact and the unilateially nephiectomized lats on the -various 
diets The majority of the urinary volumes weie between 1 and 3 cc , 
and most of the specific gravities weie between 1 0500 and 1 0600 

The nonpiotem nitrogen concentration of the blood plasma of all 
intact rats lemamed faiily constant Theie was little difteience 111 
these values for the intact and tlie unilateially nephrectomized animals 
on the fiist three diets The unilateially nephrectomized lats on the 
EM 60 and the EM 80 diet showed values distinctly highei than those 
for the coiiespondmg intact animals 

On the basis of the foregoing lesults, the following values have been 
taken as the limits of noimal blood pressuies below 140 mm of meicurj^ 
urinaiy volumes below 5 cc , uiinaiy specific gravities above 10400, 
urinary protein content below 0 05 Gm and ui ea ratios above 30 

Partially Neph ectomiaed Rats — The data for paitially neph- 
iectomized lats in good health on diets EM 10, EM 20, EM 40, EM 60 
and EM 80 are shown m tables 3 to 7 Chaits 1 to 8 weie prepared 
to facilitate comparisons of the effects of the various diets on the blood 
piessure, the total solids of the kidneys, in relation to surface area, the 
urinary volume, the specific gravity and urinary protein as determined 
by the concentiation test and the urea ratio and its relation to the urea 
in the blood and the mine 

Blood Pressure The effects of the diets on blood pressuie are 
summai ized m chart 1 The percentage of animals with blood pi essures 
above the upper limits of noimal (140 mm ) was greatest in the groups 
leceivmg the EM 40 and the EM 60 diet However, the percentage of 
animals with pi essures above 180 mm was about the same in the 
gioups fed the first four diets and appieciably less in the group fed 
the EM 80 diet It is of interest that on further anahsis (not in the 
chart) the peicentage incidence of blood pressures above 200 mm was 



Table 3 — Observations on Paitially Nephi ectoniized Animals Receiving a Diet 
Containing 10 pci Cent Dried Extracted Beef Muscle 
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4 


53 
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18 4 
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0 010 

5 


54 
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22 4 

53 
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11 


55 
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104 
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19 2 

81 

10220 

0 034 

12 


56 
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26 

10340 


15 


57 
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0179 

0 222 

23 9 

25 

10481 


21 


58 

116 

252 

170 

0 249 

0172 

18 4 

90 

1 0201 

0 085 

8 


59 

133 

354 

166 

0183 

0190 


88 

10194 

0 041 


63 

60 

133 

270 

162 

0182 

0 228 


47 

1 0333 

0110 


61 

61 

136 

334 

142 

0188 

0172 


14 5 

10184 

0 070 


66 

62 

136 

285 

128 

0166 

0253 


29 

10370 



46 

63 

158 

376 

180 

0 212 

0 271 


12 5 

10218 


12 

61 
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Table 4 — Obscrvaitons on Partially Ncphrcctonuacd Animals Receiving a Diet 
Containing 20 per Cent Dried Exh acted Beef Muscle 
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ARCHIVES OF INTERNAL MEDICINE 


as follows EM 10, 15 , EM 20, 10 , EM 40, 6 , EM 60, 0 , and EM 80, 1 
The highest blood pressure in this senes (250 mm ) was obtained in 
a rat on the EM 10 diet 


Table 5 — Observations on Paitially Ncphi ectomiaed Animals Receiving a Diet 
Containing 40 per Cent Dried Extracted Beef Muscle 
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0 056 

11 


23 

118 

260 

184 

0180 

0 370 

19 8 

81 

10220 

0 050 

9 


24 

118 

341 

158 

0195 

0 386 

19 2 

111 

1 0239 
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11 
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10173 

0050 

4 
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1 0143 

0 073 

4 


27 
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320 
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14 0 

1 0195 

0069 
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176 

0170 
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0 075 
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8 
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4 
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1 0159 

0147 


161 

34 

127 

364 

182 

0 215 

0 361 


210 
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37 
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190 

0 240 



208 
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39 

139 
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0190 
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139 

380 
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268 

166 

0202 

0 382 


10 8 
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146 

0190 

0 410 


16 2 

1 0202 

0 221 

12 

196 

46 

148 

370 

132 

0189 

0340 


19 5 

10202 

0258 

13 

125 

47 

148 

291 

182 

0171 

0 640 


16 9 

10148 

0120 

5 


48 

148 

280 

176 

0190 

0 440 


113 

1 0183 

0 212 

11 

155 

49 

148 

254 

224 

0 236 

0 228 


16 6 

10166 

0152 

2 

387 

50 

173 

348 

144 

0103 

0 289 


18 6 

lOlSO 


15 

133 

51 

173 

313 

120 

0145 

0296 
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The correlation coefficients and probable errors were calculated for 
blood pressure and ratios for each diet as follows EM 10, 0 67 
± 005, EM 20, 0 52 ± 006, EM 40, 060 ± 006, EM 60, 0 14 ± 
0 10, and EM 80, 0 33 ± 007 These lesults for the partially neph- 
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rectomized animals show a substantial relation for the first three diets 
and a negligible lelation for the EM 60 diet and a slight i elation foi 
the EM 80 diet 


Table 6 — ObsavaUons on Pajttally Ncphiccioinxzcd Annuals Receiving a Diet 
Containing 60 pei Cent Dited Ex ti acted Beef Muscle 



Dura- 



Heart 

Kidney 


Twentj 1 our Hour Urine 


Kon 


tion 



IVeitht 

Weight 


Concentr ition 'Ic't 


jirotcin 


of 


Blood 








Mlro 






t 





Experi 

Surface 

Pres- 

Surface 

Surface 

Total 

Vol 


AIbu 


gen, 


ment, 

Area, 

sure, 

Area 

Area 

Solids, 

umc, 

Specific 

inin, 

Urea 

Mg per 

Rat 

Days 

Sq Om 

Mm 

X 100 

X 100 

% 

Ce 

GraMtj 

Gin 

Ratio 

100 Cc 

1 

75 

348 

144 

0 210 

0j20 


10 8 

1 0208 

0 0S2 

25 

153 

2 

75 

333 

144 

0 212 

0 413 


17 S 

1 0155 

0107 

12 

231 

3 

75 

232 

166 

0108 

0 354 


9 5 

1 0156 

0 0C2 

8 

250 

4 

76 

300 

142 

0100 

0 401 


8 5 

1 021!, 

0 050 

11 

143 

5 

103 

220 



0 317 

17 1 

81 

1 0200 


C 


G 

103 

278 

14G 

0 101 

0 102 

18 3 

6 5 

1 027„ 

0 040 

20 


7 

103 

2j2 

192 

0 102 

0 495 

14 5 

7 4 

1 0223 

0 069 

12 


8 

103 

2oG 

196 

0157 

0 558 

13 1 

11 3 

10207 

0190 

S 


9 

103 

295 

172 

0 ICO 

0 407 

13 4 

10 8 

1 0170 

0 096 

13 


10 

103 

258 

172 

0 161 

0 437 

15 7 

10 0 

1 0162 

0 042 

14 


11 

103 

209 

ISO 

0185 

0 550 

10 8 

10 3 

1 0219 


15 


12 

103 

301 

176 

0188 

0 052 

13 7 

12 5 

1 0170 

0148 

6 


13 

103 

272 

174 

0152 

0 408 

16 3 

80 

1 0241 

0 089 

8 


14 

101 

379 

120 

0190 

0 394 


78 

10323 

0 095 

29 

120 

15 

101 

299 

134 

0184 

0 390 


DO 

1 0250 

0180 

15 

177 

IG 

104 

334 

120 

0 105 

0 200 


150 

1 0191 

0 044 

16 

149 

17 

101 

2S0 

124 

0169 

0 330 


37 

1 0421 


28 


18 

104 

280 

121 

0180 

0 362 


8 4 

10201 

0 070 

10 

149 

19 

104 

an 

138 

0173 

0 382 


11 4 

1 0237 

0102 

17 

177 

20 

105 

240 

190 

0177 

0 550 


82 

10177 

0 000 

28 

150 

21 

105 

242 

182 

0 212 

0 545 


95 

lOlSC 

0 222 

22 

333 

22 

103 

292 

130 

0174 

0 220 


11 3 

1 0244 

0 320 



23 

113 

241 

154 

0189 

0 370 


11 4 

10188 

0123 

7 

192 

21 

113 

238 

150 

0155 

0 340 


03 

1 0300 

0 058 

10 

142 

25 

113 

302 

124 

0145 

oass 


12 5 

10230 

0102 

17 

152 

2G 

113 

203 

196 

0 238 

0 412 


10 8 

1 0156 

0122 

2 

393 

27 

113 

244 

142 

0195 

0 347 


10 2 

1 0209 

0145 

7 

204 

23 

113 

220 

170 

0108 

0 525 


11 3 

1015S 

0 092 

3 

2SS 

29 

113 

310 

154 

0104 

0 394 


12 0 

1 0103 

0103 

13 

152 

SO 

118 

280 

176 

0168 

0 490 


92 

1 0207 

0 048 

11 

110 

31 

113 

27G 

184 

0176 

0 306 


12 5 

1 0195 

010-4 

8 

133 

32 

118 

274 

142 

0107 

0 392 


14 7 

1 0108 

0 057 

5 

210 

33 

118 

314 

140 

0187 

0 487 


15 8 

1 0215 

0174 


100 

34 

118 

2CS 

106 

0164 

0 505 


50 

10378 

0 071 

22 

170 

35 

113 

299 

142 

0174 

0 370 


8 9 

10270 

0 062 

11 

144 

SG 

118 

302 

142 

0174 

0 456 


15 3 

1 0191 


10 

210 

S7 

118 

254 

170 

0173 

0 400 

18 7 

10 2 

1 0189 

0090 

10 


33 

118 

278 

100 

0173 

0 480 

18 4 

11 9 

1 0188 

0110 

11 

152 

39 

120 

358 

loS 

0181 

0 421 


17 3 

1 0203 

0160 


150 

40 

134 

334 

154 

0 209 

0 428 


20 0 

1 0179 

0108 


320 

41 

13G 

328 

ISO 

0 230 

0 707 


18 0 

1 0137 

0 061 


100 

42 

13G 

345 

182 

0 229 

0 417 


17 7 

1 0158 

0147 


90 

43 

ISO 

348 

158 

0189 



0 7 

10230 

0 008 


80 

44 

151 

268 

152 

0177 

0 322 


121 

1 0151 

0151 

7 

570 

45 

151 

248 

150 

0135 

0 252 


10 8 

1 0142 

0 032 


200 

46 

151 

256 

182 

0105 

osas 


68 

1 0183 

0 059 

0 


47 

175 

278 

ISO 

0180 

0 781 


14 0 

1 0149 

oro 


3^4 

48 

175 

310 

184 

0 199 

0 503 


15 2 

10162 

0117 

0 

340 


Kidneys The data foi total solids of the kidnei i emnants expres':ed 
in milligi ams per hundred squaie centimeters of surface area are 
pi esented in chart 2, and the a\ ei age r alues ai e as follow s 47 rt 1 8 , 
52 dr 1 3 , 65 dr 1 7 , 70 dr 2 4, and 79 rtr 1 6 for the groups fed the 
ElM 10 the EM 20, the EM 40, the EM 60 and the ElM 80 diet. 



Table 7 — Observations on Pai Hally Nephiectomiced Animals Receiving a Diet 
Containing 80 pei Cent Dttcd Extracted Beef Muscle 



Dura 



Heart 

Mdney 


Treentj 1 our Hour Urine 
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Concentration 'lest 


protein 


of 


Blood 
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JExperi 

Surface 

Pres 

Surface 

Surface 

'Petal 

Vol 


AlbU 


BCD, 


ment. 

Area, 

sure, 

Area 

Area 

Solids, 

urQc, 

Specific 

min, 

Urea Mg per 

Rat 

Days 

Sq Om 

Aim 

X 100 

X 100 

% 

Cc 

Gravity 

Gm 

Ratio 

ICO Cc 

1 

SS 

304 

110 

0101 

0 430 






56 

2 

lOO 

286 

148 

0105 

0 075 

15 2 

88 

1 0210 


10 


3 

100 

2S3 

124 

0143 

0500 

16 3 

58 

10251 

0 003 

19 

170 

4 

100 

207 

152 

0157 

0 374 

IS 5 

SO 

10182 

0 037 

10 


5 

100 

260 

130 

0154 

0 592 

15 2 

90 

1 0187 

0 005 

11 

190 

6 

100 

207 

183 

oieo 

0 543 

15 8 

5 1 

1 0208 

0 041 

0 


7 

100 

275 

146 

0159 

0 570 

15 5 

14 1 

10163 

0109 

12 

240 

§ 

102 

223 

202 

0 215 

0£S5 





0 


9 

102 

265 

100 

0 162 

0 526 





18 


10 

102 

243 

138 

0153 

0 515 





15 


11 

102 

266 

190 

0190 

0 516 





18 


12 

102 

276 

IIS 

0161 

0 484 





25 


13 

102 

212 

ICC 

0150 

0 470 





18 


14 

107 

232 

190 

0190 

0 585 

12 5 

12 1 

1 0141 

0 001 

5 

400 

15 

107 

234 

148 

0151 

0 603 

17 0 

16 0 

1 0182 

0150 



16 

107 

205 

150 

0158 

0 530 

18 4 

17 5 

10102 

0128 



17 

107 

270 

138 

0149 

0 400 

18 2 

13 0 

10225 

0 210 

13 

128 

18 

107 

207 

134 

0145 

03S0 

18 8 

i i 

10158 

0 017 



19 

107 

217 

132 

0137 

0 310 

19 7 

60 

1 0228 

0 032 

14 


20 

107 

228 

162 

0147 

0 435 

ICO 

67 

10-238 

0106 

10 


21 

lOS 

301 

148 

0181 

0 662 

15 6 

131 

10172 

0121 

9 

200 

22 

103 

234 

158 

0171 

0 515 

16 5 

7 i 

1 0181 

0 054 

12 


23 

lOS 

254 

150 

0140 

0 502 

15 6 

87 

1 0175 

0120 

9 


24 

108 

274 

144 

0100 

0 546 

15 7 

12 3 

1 0156 


13 

143 

25 

lOS 

297 

148 

0109 

0603 

131 

14 0 

1 0167 

0106 


300 

20 

108 

252 

162 

0119 

0 577 

15 4 

72 

1 0225 

0112 

20 

212 

27 

103 

230 

158 

0173 

0 377 

18 8 

72 

1 0228 

0096 

IS 


28 

103 

228 

134 

0169 

0 462 

20 0 

47 

1 0291 

0018 

17 


29 

108 

203 

ISO 

0 201 

05M 

13 5 

101 

1 0112 

0 020 

5 


30 

108 

246 

158 

0185 

0 510 

14,8 

110 

1 0178 

0134 

D 


31 

lOS 

2jS 

158 

0 208 

0 656 

131 

14 9 

1 0152 

0107 

6 

400 

32 

lOS 

206 

168 

0149 

0 487 

10 7 

91 

10210 


19 

200 

33 

108 

223 

142 

0153 

0 390 

17 4 

7 5 

10217 

0 051 

15 


34 

103 

250 

138 

0 155 

0 ICO 

19 0 

85 

1 0276 

0113 


91 

S5 

109 

250 

130 

0172 

0 450 


03 

1 0305 

OOSO 

14 

ISC 

30 

109 

205 

120 

0157 

0 370 


08 

1 0297 

0 008 

15 

111 

37 

109 

274 

130 

0174 

0 440 


11 5 

10109 

0 052 

13 

125 

38 

109 

250 

100 

0184 

0 577 


10 7 

1 OISO 

0153 

7 

2o2 

39 

109 

SOI 

124 

0147 

0 434 


59 

1 0356 

0 021 

19 

111 

40 

109 

302 

142 

0182 

0 001 


13 2 

1 0190 

0100 


154 

41 

109 

231 

192 

0 228 

0 686 





7 


42 

109 

320 

192 

0 201 

0 7C5 







43 

109 

250 

138 

0156 

0 470 





14 


44 

109 

242 

178 

0172 

0 580 





14 


45 

109 

210 

152 

019-2 

0 174 





8 


40 

109 

252 

104 

0181 

0 470 





13 


47 

109 

323 

134 

0159 

0 197 





S3 


48 

110 

291 

138 

0 210 

0 412 


17 0 

1 0156 

0 091 


148 

49 

110 

262 

153 

0183 

0 106 


11 1 

1 0152 

0 092 

7 

107 

50 

110 

230 

138 

0 108 

0 417 


1 3 

10337 

0 062 

10 


51 

110 

242 

120 

0 158 

0 322 


4 9 

1 0317 

0 029 



52 

110 

265 

140 

0150 

0 393 


7 7 

1 0231 

0 007 

12 

133 

53 

110 

302 

132 

0174 

0 837 


18 9 

1 0180 

0185 

17 

1S6 

54 

111 

234 

162 

0185 

0 336 

16 3 

11 5 

10150 

0 039 

10 


55 

111 

301 

142 

0 200 

0 547 

14 3 

13 3 

1 0191 

OOSO 

19 

200 

50 

111 

295 

150 

0 211 

0 605 

14 7 

ICC 

1 0182 

0150 

17 

210 

57 

111 

283 

150 

0 203 

0 580 

15 2 

17 5 

1 0162 

0123 


288 

55 

111 

205 

146 

0110 

0 460 

16 9 

89 

10-203 

0141 

11 

270 

59 

111 

250 

138 

0177 

0 503 

151 




10 

CO 

111 

231 

ICS 

0 103 

0 465 

15 9 




11 


61 

111 

231 

108 

0163 

0 623 

14 0 




12 


62 

111 

220 

158 

0155 

0 502 

14 9 




8 


63 

119 

280 

122 

0179 

0 340 







64 

123 

272 

ICC 

0 202 

0 749 


83 

1 0207 



154 

65 

127 

314 

158 

0 229 

0 505 


110 

1 0210 

0125 


66 

132 

238 

124 

0 215 

0 384 




0152 


258 

67 

133 

302 

170 

0 220 

0 732 


13 2 

10177 


68 

140 

202 

172 

0 210 

0 738 


92 

1 0217 

0127 


285 

69 

140 

292 

144 

0180 

0 513 


4 8 

1 0353 

0 028 


125 

70 

140 

231 

150 

0197 

0 820 


101 

10176 

0117 


278 

71 

140 

274 

158 

0182 

0 640 


85 

10193 



192 

72 

142 

292 

142 

0 203 

0 737 


14 1 

10207 

0 272 


160 

73 

147 

289 

140 

0 245 



20 3 

1 0139 

0183 


400 

74 

147 

252 

182 

0 212 

0 793 


12 0 

10160 

0121 


266 

75 

154 

362 

I’O 

0 234 

0 498 







76 

154 

268 

170 

0183 

0 497 







77 

155 

340 

ICO 

0 222 

0 563 


12 4 

10219 

0150 


ICO 

78 

155 

283 

165 

0191 

0 490 


68 

10311 

0104 


110 

79 

155 

341 

190 

0 338 

0 805 


25 8 

1 0153 

0 289 


307 

80 

171 

314 

196 

0 214 

0 518 


80 

10202 

0159 


183 

81 

171 

318 

174 

0 240 

0 573 


91 

10207 

0 091 


SOS 


534 
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respectnel} If the average ^alue for the group fed the Ei\I 10 diet 
IS consideied as 1, the latios for those fed the respectne diets are 1 0, 
1 11, 1 38, 1 49 and 1 68, repiesenting a piopoitional increase The‘'e 
ratios are quite comparable to figuies obtained foi the unilateialh 
nephrectoniized rats and to a lessei extent foi the intact lats 

Nonprotein Nitiogen Retention of nitiogen in the blood seems 
to vary with the intake of piotein The average values m milhgiams 
of nonprotem nitiogen of plasma foi each diet aie as follows ElM 10 
61 , EM 20, 90 , EM 40, 165 , EM 60, 202. and EM 80, 199 These 
values are all much higher than those obtained for the contiol gioups 


□ W IE ■ 

100-140 140-160 160-180 ABCVE180 



EMIO EM20 EM40 EM60 EM80 
(621 (59) (49) (47) (88) 


Chart 1 — Effect of diet on the blood pt essure of partiallj nephrcctomircd rats 
In tins chait and m similar charts the figures in parentheses rcpiescnt the number 
of animals 

on similar diets Theie were marked indnidual variations as shown 
m the tables foi the lespective diets 

KEXAL rUXCTIOX 

Uiiiie Concenhaiwn Test — The eftect of lanoiis diets on the 
urinai} lolume is shown in chart 3 It is seen that there is a maiked 
piogiessne increase in the incidence and degiee of pohuiia vith the 
fiist thiee diets Foih-two per cent of the animals on the EM 40 diet 
excieted oiei 15 cc of urine \\hich remesents the greatest degree 
of polyuiia in these experiments In Aiev of the small amount of 
mine excieted b\ the contiol rats these results indicate a marked 
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disturbance in the factois conceined in the retention or reabsorption 
of water in the kidney 

Chart 4 shows the effect of diet on the specific gra\ity of the urine 
aftei correction for the effect of proteinuria It is noted that there is 
a progiessive inciease in the percentage of animals having low specific 
gravities in groups fed the EM 10, the EM 20 and the EM 40 diet 
The marked prepondei ance of specific giavities between 1 0100 and 
1 0200 tends to reflect the large amounts of watei lost by these animals 



Chart 2 — ^Effect of diet on the total solids of the kidneys per hundred square 
centimeters of surface area of partiallj nephrectonnzed rats 

Chart 5 summarizes the effect of diet on the excretion of piotein 
The greatest output of protein was noted in the gioup fed the EM 40 
diet The percentage incidence of animals excreting more than 0 2 
Gm of protein daily was about the same foi the groups fed the EM 10, 
the EM 60 and the EM 80 diet The amount of dietary piotein does 
not appear to be related to the degree of proteinuria 

It IS interesting to note that the maximal change in urinar}^ volume, 
specific gravity and proteinuria was attained with the EM 40 diet 
There seems to be no relation between the retention of nitrogen or the 
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ABCVE 

□ 1 m ■ 

0-5 5- 0 10-15 I5CC 



EMIO EM20 EM40 EM60 EM80 


(72) C56) (50) (48) (59) 

Chart 3 — Effect of diet on the unnary volume of partially ncphrcctomi/ed nits 


□ ra n ■ 

A^VE 10400 10300 10200 

10400 lOSOO 10200 10 100 



<49) (45) (45) (44) (54) 


Chart 4 — Effect of diet on the specific gravity (after correction lor protein) 
of the urine of partially nephrectomized rats 
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ABOVE 

□ 11 m ■ 

00-05 05-10 10-^0 20GM 



EMIO EM20 EM40 EM60 EM80 
(49) (45) (45) (44) (54) 

Chart 5 — Effect of diet on the excretion of protein of the partially ncphrec- 
tomized rat 


ABOVE BEUOW 

□ 1 BE ■ 

30 30-15 15-5 5 



(63) G8) QT) (40) (58) 

Chart 6 — ^Effect of diet on the urea ratio of the partially nephrectomized rat 
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degree of hypertension and the lenal function as measured b\ the 
concentration test 

The distribution of the urea ratio values is sho\\n in chait 6 
The animals ingesting the EM 40 diet had the largest peiccntagc of 
ratios below 5 In the dietar} group consuming the laigest pcicentage 
of extiacted beef, theie was the smallest incidence of animals ^\lth 
renal insufficiency, as judged by the urea latio 

Ejfect of Diet on the Uiea in the Blood and the Uiine — The 
adjusted cuives and their formulas, obtained by piocedures pieMoush 
described,- showing the effect of extiacted meat diets on the amount 
of urea m the blood and the urine m i elation to the urea latio of 
partially nephiectomired and of control lats aie shown m chart 7 



Chart 7 — Relation of the adjusted curves for the urea in the blood and the urine 

In these experiments the unadjusted and adjusted curves are practically 
identical for all dietary groups 

When the concentrations of the urea in the blood and the mine 
are compared at any given urea ratio, the influence of diet is strikingly 
showm Since urea is gnen by mouth in definite amounts for the 
determination of the urea ratio, it is obvious that the retention of 
urea m marked renal insufficiency represents a cumulative effect of 
ingested and metabolic urea It has been frequently noted that animals 
die shortly after the urea clearance test if the blood urea exceeds 800 
mg of urea per hundred cubic centimeters of blood 

2 Ludewig, S , Williams, E T R , and Chanutin, A Experimental Renal 
Insufficiency Produced by Partial Nephrectomy VII The Relationship of Urine 
Urea, Blood Urea and Urea (Addis) Ratio in Rats on Whole Dried Meat Diets, 
Arch Int kled 58 89 (July) 1936 
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An analysis of the effect of diet on the concentration of urea in 
the blood at any given ratio in percentage of mean noimal is shown 
in chart 8 The curves presented were drawn according to formulas 
derived from the exponential equations foi adjusted curves for urea 
in the blood and the mine in chart 7 No significant difference in the 
concentiation of urea in the blood is noted until the urea ratio reaches 
a level of about 15 As renal instifficienc} becomes moie severe, the 
diffeiences m the concentration is gieatei between the various dietary 
groups The cur\es for the animals fed the EM 40, the EM 60 and 
the EM 80 diet do not reach the zero urea ratio line at a level of 800 
mg of uiea per bundled cubic centimeters of blood, A\hich is in striking 
contrast to similar cuives obtained foi animals ingesting diets containing 
diied whole meat 



Chart 8 — Relation between tlie concentration of uica in tlie blood and the urea 
ratio in percentage of the mean normal value 

SUMMARY 

The effect of feeding diets containing vaiious percentages (10, 20, 
40, 60 and 80) of dried exti acted meat to intact, unilaterally and partially 
nephrectomized rats has been studied 

Data showing the effects of these diets on lenal hypei trophy, renal 
function and blood pressure of intact and unilateially nephrectomized 
rats are presented The blood pressuie and ^ eight _ remained 

constant, the weight ratio increased progressn'^elj' and the 

surface area ^ ^ 

urea ratio ^ygg fgjrly constaiit foi the intact lats 

kidney ^v eight 

The following observations were made on the partially nephrec- 
tomized rats 
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The incidence of hypertension was high for all gioups except those 
fed the diet containing 80 per cent dried extracted meat The correlation 
between - ratios and blood pressure was low for gioups 

ingesting 60 and 80 per cent extracted meat 

The total solids of the kidneys per unit of surface area inci eased 
progressively wnth increased ingestion of protein 

The urinary \olumes during a concentration test were smallest for 
the rats fed the EM 10 diet and greatest for those fed the EM 40 diet 
The gieatest incidence of low specific graMties was obtained for groups 
on the diets containing the higher amounts of protein (40. 60 and 80 
per cent) Protemuiia w^as most marked in those fed the EM 40 diet 
Accoidnig to the results of the concentration test, the most maiked 
changes in lenal function w'ere noted in rats on the EM 40 diet 

Renal insufficiency, as judged by the urea clearance test, w^as most 
marked m the group fed the EM 40 diet and least marked in the group 
fed the EM 80 diet Curves showung the relation of diet to the urea 
in the blood and the urine demonstrate that extremely high concentiations 
of urea m the blood are associated wnth low^ urea latios 



INTRACEREBRAL CARCINOMATOUS METASTASES 
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There are appaiently several wa}s by which carcinoma may metas- 
tasize to the central nervous s3Stem Biiefly, these aie ( 1 ) by direct 
extension (along neive sheaths, by bony invasion or from the meninges) , 

(2) through the lymphatic vessels, usually m retiogiadc growth, and 

( 3 ) via the blood stream, as caicinomatous emboli The different 
routes of invasion lesult m diffeient pathologic’- and clinical pictures 

Diiect extension ma}' be fiom a ncaiby primar}'- focus, as m the 
case of carcinoma of the nasophar3nx, or from a distant focus pieceded 
by metastasis to a neaib3’’ structure, as in the case of carcinoma 
metastatic to the skull from the th3roid oi the prostate The resultant 
clinical pictuie is a combination of the S3mptoms produced by the 
structures primal 1I3' involved and those produced by the later growth into 
the central neivous system Metastasis by the lymphatic route lesults 
usually in so-called meningitis caicinomatosa, uith the well known 
picture of diffuse meningeal and encephalic disturbance This S3 ndrome 
has been described b3' a number of wi iters, including Schwarz and 
Bertels," Panchontom,'* Bo3d,'* Lewis,'’ Fried® and Cornwall" The 

Read in part at a meeting of the Neurological Society of Rhode Island, 
Providence, R I , April 12, 1937 

1 Winkelman, N W , and Eckel, J L Alctastatic Carcinoma of the Central 
Nervous S>stem, J Nerv &. Ment Dis 6G 1-14 (July) , 133-148 (Aug) 1927 

2 Schwarz, E, and Bertels, A Uebcr “Meningitis” caicinomatosa, Deutsche 
Ztschr f Nervenh 42 85-94, 1911 

3 Panchontom, D Ueber diffuse Karzinomatose der veichen Hirnhaute, 
Arch f Psychiat 49 396-405, 1912 

4 Boyd, W Diffuse Tumors of the Meninges, Am J Path 1 583-593 
(Nov) 1925 

5 Lewis, N D C An Unusual Manifestation of Metastatic Miliary Carci- 
nomatosis of the Central Nervous System, Am J Psychiat 5 171-187 (Oct ) 1925 

6 Fried, B M Sarcomatosis of the Brain, Arch Neurol & Psychiat 15 
205-217 (Feb) 1926 

7 Cornwall, L H Metastatic Meningo-Encephalic Carcinomatosis Without 
Tumefaction, Arch Neurol &. Psychiat 17 466-470 (April) 1927 
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biain may be invaded directly from this diffuse focus, but the symptoms 
are overshadowed by the diffuse meningeal and encephalic iinohcment 
The blood stieam seems to be the most frequent route of caicmomatous 
metastasis to the central nenous system In this type of metastasis 
the lesions develop within the neural parench}ma Depending on the 
number and location of the metastatic nodules the clinical picture ma\ 
be that of a tumor of the brain or that of a diffuse ceiebial disease 
It is the latter type of metastatic cerebral disease \\ith \\hich we aie 
concerned m this communication 

The clinical diagnosis of cercbial metastasis is usually easih estab- 
lished when the patient is knowm to have a pnmai} caicinomatous 
tumor When the history, symptoms or signs of piimar} caicinomti arc 
lacking the diagnosis may be difficult to make and maj be established 
only after a cianial operation A search foi the piiman tumoi then 
leads to its discoveiy, and its location is most commonly in the lungs 
In some cases the diagnosis is established at the autopsy table ® Com- 
mon mcoiiect clinical diagnoses are piimaiy tumor of the brain, 
ceiebial hemoiihage oi thiombosis, encephalitis, abscess of the biam 
and, m the eailiei stages of the illness, psychoneuiosis oi psychosis 

Our purpose in this papei is to describe the clinical features of 
100 cases of intiaceiebral carcinomatous metastases studied at the 
Neuiological Institute of New Yoik and the Presbjtcnan Hospital and 
the pathologic features m 34 of these cases in wdnch autopsy w'as 
peifoimed, as studied in the departments of neuropatholog}^ of these tw'o 
hospitals We have also attempted to compare the featuies in our 
group of cases with some of those lecorded m the htciature We 
have limited oui study to cases in wdnch the tumor has spread, pre- 
sumably by w^ay of the blood stream, to m^olve the parenchyma of the 
biam and have omitted those m wdnch metastasis has occuried by 
diiect extension oi by the lymphatic vessels to mvohe the bones of the 
skull or the meninges primarily 

FREQUENCY 

There are numerous repoits of cerebral metastatic carcinomatous 
tumois in the hteiature, and since these repoits come from varied 
souices one may conclude that the disease occuis rathei commonly 
Statistics fiom a hospital specializing m the treatment of neurologic 

8 Ferguson, F R , and Rees, W E Cerebro-Spinal ^fetastases from Unsus- 
pected Pulmonary Carcinoma, Lancet 1 738-744 (April 5) 1930 Dickson, \V E 
C , and Worster-Drought, C kfultiple Metastatic Tumours in the Brain \rising 
from Primarj' Bronchial Carcinoma, J Neurol Psjehopath 16 289-320 ( \pril) 
1936 
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diseases aie not a tiue index of the fiequency of metastatic tumors 
but provide an index of then fiequency in comparison with that of 
othei tumors of the brain Opeiative statistics alone are of little 
value in such a study Cushing,® in the report of 2,000 cases of tumor 
of the brain in Avhich the diagnosis was neurosuigically verified, stated 
that 65, or 3 2 pei cent, of the tumors weie metastatic but explained 
that this 1 datively low incidence was due to the surgeon’s reluctance 
to operate on metastatic growths In his senes, 48 of the 65 metastatic 
tumors were carcinomatous Elkinglon,’® in his studies of the records 
of the National Hospital, Queen Squaie, London, England, found 
that in sixteen yeais (1918-1933) there were 805 cases of tumor of 
the brain in which the diagnosis A\as histologically verified, and 72, 
or 9 per cent, of the giowths Avere metastatic Garland and Armitage,^^ 
in 264 autopsies on patients who died of cerebral tumor m the Leeds 
General Infiimai}’-, Leeds, England, found that 12 8 per cent of the 
tumors Aveie metastatic Elkington stated that it is reasonable to 
assume that not less than 20 per cent of all tumors of the brain are 
metastatic Roger and Paillas found that metastatic tumoi s constitute 
10 per cent'of all cerebral tumors seen at the Neurological Clinic at 
Marseilles, Fiance Shelden,^® m a report of cases from the iMajo 
Clinic, estimated that 5 pei cent of all tumors of the brain studied 
there are metastatic He concluded, hoAvcAei, that the percentage may 
well be higliei than this Bade} estimated from Ins stud} of intra- 
cranial tumoi s that metastatic tumoi s constitute 33 per cent of all 
tumors of the brain and fiom the neurosurgical statistics, that they 
foim about 4 pei cent He concluded that both estimates are Avrong, 
for they probably compiise less than 33 per cent of all tumoi s and 
moie than 4 per cent as veiified aftei craniotom} We feel that 

9 Cushing, H Intracranial Tumours Notes upon a Senes of Tavo Thousand 
Verified Cases Avith Surgical-Mortality Percentages Pertaining Thereto, Spring- 
field, 111 , Charles C Thomas, Publisher, 1932 

10 Elkington, J St C ^Metastatic Tumours of the Brain, Proc Roj Soc 
Med 28 1080-1096 (June) 1935 

11 Garland, H G, and Arniitage, G Intracranial Tuberculoma, J Path & 
Bact 37 461-471 (Nov ) 1933 

12 Roger, H , and Paillas, J E Les tumeurs cerebrales metastatiques 
B-tude clinique, Presse med 42 2093-2096 (Dec 29) 1934 

13 Shelden, W D Secondary Tumors of the Brain, J A M A 87 650-654 
(Aug 28) 1926 

14 Bailey, P Intracranial Tumors, Springfield, 111 , Charles C Thomas, 
Publisher, 1933, chap 17, pp 348-368 



HARC-SCllU ARZ—I KTRACLREBRAL ML! A ST 1 SL S 


S45 


statistics from the Neurological Institute \\ould add little but confusion 
to the \ai}ing data, but \\e behe\e that the actual incidence of metastatic 
cerebial tumors is somewhere between 10 and 20 pei cent of all tumor‘s 
of the brain 

CEREBRAL METASTASIS IN RELATION TO MALIGNANT DISEASE 

Statistics, to be of any value in determining the relation of cerebral 
metastases to primary carcinoma clsewdiere m the body, must come from 
large series of autopsies Rau observed ceiebral metastases m 3 2 per 
cent of 851 cases of carcinoma, and Krasting in 4 7 per cent of 
817 cases Krastmg stated that intracranial metastases follow 18 per 
cent of all piimaiy caicinomas, this peicentage being based on his 
own statistics and those of Starr, Guilt and Galla\ardm and Vaiay 

In a study of the statistics on primaiy bionchogenic carcinoma a 
much highei percentage of metastases is found Thus, Fiied and 
Buckley,^" m a study of 38 cases of pio\ed piimar\ bionchogenic carci- 
noma, observed pathologically ^erl^led metastases in the hi am m 15 cases 
(39 2 per cent) Dosquet of 105 cases of bronchial carcinoma obscr\cd 
ceiebial metastases in 31 pei cent Seyfarth,^® on the othei hand 
observed metastasis to the bi am in only 9 7 per cent of 309 cases 
Davison and Horwutz found 11 pei cent in wdiich primary caicmoma 
111 the lungs involved the central nervous sjstem In 6 cases in wdiich 
autopsy was done theie was cerebral miohement We feel that our 
cases could add little, if anything, to these facts 

15 Rau, W Eine vcrgleichende Statistik dcr m 5 Knegsjahren (1914-1919) 
und 5 Fnedensjahren (1909-1914) seziertcn Falle von Krebs und anderen inaligncn 
Tumorenam pathologischen Institutdes Stadtkrankcnliauses Drcsden-Fncdrichsladl, 
Ztschr f Krebsforsch 18 141-170, 1921 

16 Krastmg, K Beitrag zur Statistik und Kasuistik metastatisclicr Tumoren, 
besonders der Carcinommetastasen im Zentralncrvcns\stem (aut Grund \on 12730 
Scktionen der pathologisch-anatomischeii Anstalt Basel), Ztschr f Krebsforsch 
4 315-379, 1906 

17 Fried, B , and Bucklej, R C Primary Carcinoma of the Lungs 
Intracian al kletastases. Arch Path 9 483-527 (Feb) 1930 

18 Dosquet, H Ueber die kletastasenbildung bei primaren Lungen- und 
Bronchialkrebsen, Virchow's Arch f path Anat 234 481-484, 1921 

19 Seyfarth, C Lungenkarzinome in Leipzig, Deutsche med Wchnschr 50 
•1497-1499 (Oct) 1924 

20 Davison, C , and Horwitz, W A Primary Carcinoma of the Lungs v i*h 
^Metastases to the Central Ner\ous System, Arch Int Med 46 680-704 (Oct) 
1930 
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SITE or PRIMARY GROWTH 


The sites of the pnmaiy giowth in oui group of 100 cases 
shown in the following tabulation 


No of Cases, 

Site or Percentage 


Bronchus 

42 

Breast 

23 

Stomach 

3 

Intestine 

3 

Colon 

1 

Rectum 

1 

Ovaries 

1 

Uterus 

1 

Kidne3's 

2 

Penis 

1 

Adrenal gland‘s 

2 

Thyroid 

2 

Scalp 

1 

Skin of fingei 

1 

Undetermined 

16 

Total 

100 


are 


It IS evident that the great majoiity (65 per cent) of cerebral 
metastases have their origin either m the lung or in the breast This 
percentage may tvell be greater than that indicated, as the primary site 
was undetei mined m 16 per cent of the cases 

The pulmonary origin of the primaiy grotvth in 42 per cent of our 
cases IS in agieement with the data of Meagher and Eisenhardt,^^ -who 
found that 35 per cent of metastases m their cases oiiginated in the 
lung In the 72 cases repoi ted from the National Plospital 33 3 per 
cent of the metastases originated m the bionchus, wdiereas Grant,-- 
in 43 cases, found a bronchial origin m only 13 5 per cent Other 
reports show' variation m the percentage frequency of the bronchi as 
a primary site, but most of them place it between 30 and 50 per cent 

In our senes of 100 cases 23 per cent of metastases oiiginated in 
the breast This conforms -with the statistics of others e g , Meagher 
and Eisenhardt, 25 per cent, Elkington, 18 per cent, and Grant, 
31 3 per cent 

Other sources of the pi unary growth appear in the published reports 
m about the same percentage relation as is showm in table 1 

21 Meagher, R , and Eisenhardt, L Intracranial Carcinomatous Metastases 
with Note on Relation of Carcinoma and Tubercle, Ann Surg 93 132-140 (Jan ) 
1931 

22 Grant, F C Concerning Intracranial I^Iahgnant Metastases Their Fre- 
quency and the Value of Surgery in Their Treatment, Ann Surg 84 635-646 
(Nov) 1926 
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In our senes the left breast ■s\as pnmanl} in\ohed in 12 and the 
right breast in 11 cases The left bronchus was the priinai\ site in 
14 and the right in 18, of the cases in which a definite laterahU could 
be detei mined 

ixcionxcc 

A(je — The incidence accoiding to age in our senes of 100 cases is 
showui 111 the followung tabulation 

Age, Years 

10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 

A\ erage age, 44 6 

The youngest patient in the group w'as a giil 12 }eais of age, with 
a primai'y caicinoma of the thyroid The oldest patient w'as 70. with 
metastasis presumably from the gastrointestinal tract The aieiage age 
of 44 6 years compaies with Elkington’s average of 47 }cars 

It IS of inteiest to note that m oui series 27, or 27 pei cent, of 
the patients w^ere less than 40 years of age 

— There were 54 males and 46 females m the senes In the 
gioup of patients wuth the piimaiy tumor in the lung it is of inteiest 
to note that there w'eie 32 males, as compared wuth 10 females 

DURATION or SVMPTOMS 

The duration of neurologic s}mptoms prioi to entiance to the 
hospital varied from a few da)s to one and a half }ears In 84 of the 
100 cases symptoms w'^eie present for less than five months In 6 cases 
symptoms w^ere piesent for one year or more In 2 instances neurologic 
symptoms w^ere lacking The followung tabulation shows the duiation 
of S 3 miptoms before the patients w'ere admitted to the hospital 

Duration No of Cases 

1-5 weeks 
5-10 weeks 
10-20 w'eeks 
20-30 weeks 
30-40 weeks 
12 months 
14 months 
18 months 
No symptoms 


30 

30 

24 

5 

3 

4 
1 
1 
9 


No of Cases 

1 

4 

22 

34 

29 

9 

1 
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Cerebial symptoms of a primary tumoi of the biam are usually 
of much longer duration prioi to hospitalization than were the symp- 
toms in this gioup of metastatic tumors Glioblastoma multiforme is, 
however, an exception 

Of the 6 cases in which symptoms weie piesent foi one year or 
more, it was obseived that there were metastases from the lung m 3, 
from the breast in 1, from the gastrointestinal tract in 1 and from an 
undetermined source in 1 


DURATION or LIFE 

The duration of life in this gioup is measured as from the occurrence 
of the first neuiologic s}mptom to the time of death In some cases 
this has not been determined, because we were unable to asceitain 
whethei or when death occuired In the group of 34 cases in which 
autopsy was performed in our own laboi atones the time varied between 
thiee weeks and fifteen months and aveiaged thiee and six-tenths 
months In an additional gioup of 40 patients dischaiged from the 
hospital, who later died, ne found the aA^erage duiation of life to be 
SIX and four-tenths months In this gioup death followed the initial 
ceiebial symptom in periods langing from two wrecks to tw'ent}-five 
months The case of the 1 patient w'ho sur\ned foi hvcnl}-five months 
after signs of ceicbial metastasis from a primaiy tumor of the breast 
IS unusual Of the remamdei of the group, 7 sunn^ed foi approximately 
fifteen months 

In Elkington’s series the average duiation of life after the onset 
of ceiebral symptoms w'as six and three-tenths months, Avhich is, 
strangel}, in close accordance with the aveiage of six and four-tenths 
months foi our patients w^ho died aftei leaving the hospital 

:\IODE or ONSET 

The initial symptom referable to inti acranial disease appeared in 
one of three geneial manneis, these are classified as sudden, rapid 
or giadual The onset in 5 cases did not fit into this classification 
In 2 of these there Avere no neuiologic symptoms, and in the 3 others 
Ave weie unable to classify the mode of onset because of confusing state- 
ments 111 the case histoiy 

23 Globus, J H, and Selinsky, H Metastatic Tumors of the Brain A 
Qinical Study of Tivelve Cases Avith Necrops}% Arch Neurol & Psychiat 
17 481-513 (April) 1927 
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In 36 of the 100 cases the onset of s}mptoms ^\as sudden The 
first symptoms weie as follows 


Symptom No of Cases 

Comulsive seizures 10 

General 7 

Jacksonian 3 

Headache, \ertigo and \omiting 8 

Headache 5 

Hemiplegia or hemiparcsis 3 

Aphasia 2 

Vertigo 2 

Mental disorder 1 

Headache and diplopia 1 

Headache and hemiplegia 1 

Headache and dj sarthria 1 

Scotomas 1 


The mti acranial symptoms de\ eloped lapidly in 42 cases In this 
group the fiist symptoms were 


Symptom 


No of Cases 


Headache 30 

Mental disturbances 5 

Hemiparcsis 2 

Monoparesis 1 

Sensory disturbances 1 

Diplopia 1 

Diplopia and tinnitus 1 

Vomiting 1 


A giadual onset was iccorded in 17 cases The s}mptoms were at 
fiist mild and weie slo\\ei m then piogressive development than in the 
other two groups The fiist symptoms A\eie 


Symptom 


No of Cases 


Headache 10 

Mental disturbances 3 

Failing vision 2 

Hemiparesis 1 

Monoparesis 1 


Thus, the mannei of onset of inti acranial s}mptoms in at Ic.ist 
78 cases appeals to be diflcrent from that obser\ed m cases of other 
tumois of the biain, except glioblastoma multifoime In the cases of 
sudden onset thcie were manifestations similar to those associated with 
ceiebral vasculai accidents The mode of onset in these cases certainlv 
simulates that seen in patients in whom a non-ncoplastic embolus sud- 
denly lodges in a cerebral Acssel 
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SYMPTOMS 

Gcneial Symptoms — Forty of the 100 patients appealed to be in 
good general health In this gioiip the signs so often suggestive of 
malignant tumor were lacking There weie indications of some weak- 
ness and increasing fatigability, associated with a slight loss of weight, 
m 31 of the remaining patients In 29 there were pronounced cachexia 
and signs of a debilitating disease Ferei was an outstanding S}mptom 
m onl} 2 cases 

Headache — Headache of Aar 3 'ing degiees was an outstanding symp- 
tom m 83 of the 100 cases In 49 instances it was associated with rarious 
degiees of papilledema In 34 tliere \\as headache without associated 
papilledema Seventeen patients did not complain of headache, and 
none of these had papilledema 

The headache was frequently well localized and coinrnonh parox- 
ysmal In many cases it was serere and was associated with romiting 
In most cases it was not reliered by the usual delndration methods or 
by the use of drugs of such stiength as one hesitates to prescribe for 
the usual headache due to tumor of the brain The headache, for which 
little relief was ofleied, w'as one of the most distiessing features of the 
disease to both patient and ph}sician 

Voimtuig — Vomiting occuried during some stage of the illness of 
59 patients It w'as frequently associated w'lth pei iodic headache or 
vertigo and w'as often projectile 

Mental Alto at ions — There weie mental altciations of vaiying 
degiees m 50 of the 100 cases In this gioup there weie true mental 
alterations during the earlier part of the illness The change w^as of 
mild degiee in 29 and w^as characteiized b) slowuiess in mental reaction, 
faulty memory, mild degrees of depression, emotional instability, irri- 
tability, loss of interest and reduced powers of attention 

Pronounced alterations in mentality w'ere observed in 21 patients 
In these, in addition to greater degrees of the symptoms aforementioned, 
there was usually profound mental confusion Patients of this type 
required constant nursing They w^ere incontinent, lequired spoon feed- 
ing and often had to be lestrained in bed Hallucinations w'cre not 
infrequent At times the confusional states cleared so that the patients 
were perfectly rational, with good insight It seems plausible that the 
mental symptoms, at least in some instances, were intensified by general 
systemic toxemia, such as one sees in patients with carcinoma without 
metastases to the brain The incidence (50 per cent) of mental symptoms 
appears to be higher than in patients wuth nonmetastatic tumors 

In the remaining group of 50 patients, considered to be without 
mental disturbances, there were some wdio were somnolent or stuporous 
for four to seven days before death 

Convulsive Seism es — ^Twenty of the 100 patients had one or more 
convulsive seizures Focal motor seizures without loss of consciousness 
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wcie present m 9 cases and focal scnsoi} sei/uies in 2 Gcneiali/cd 
convulsne seizures with loss of consciousness occurred in 7 patients 
One had both geneial and focal seizures In 1 patient there A\as 
peiiodic loss of consciousness, ^\lth an aura consisting of auditor}, 
uncinate and gustatory phenomena and \\ ithout an} actual inotoi actn it\ 

Autopsies weie pei formed on 6 of these patients Autops} ie\ealcd 
a single metastatic nodule m the motor aim area of the left piecenti.il 
gyius of a patient who had pre\ious!} had clonic movements of the 
light aim Periodic sensoiy distuibances on the left side had been 
obseived m 1 patient, and these were latei leplaced b} motoi coiiMilsions 
At autopsy one metastatic tumoi nodule w as seen in the i ight jiostcenti al 
and precential lolandic convolutions Two patients had geneiahzed 
convulsive seizuies, and multiple nodules weie obser\ed m the biain at 
autopsy Two other patients had unilateral sei/uies, and multijile 
nodules were seen at autopsy 

The convulsive phenomena outlined appealed to coiiespond ^\lth 
lesions in the cerebial areas, ^\hlch was to be expected In 2 cases the} 
localized single metastatic nodules, m 4 otheis they localized onl} one 
of many nodules 


SIGNS RCrnRABLi: TO CEREBRAL DESTRUCTION 
OR DIRECT COMPRESSION 

There was clinical evidence of either destruction oi diiect com- 
pression of hi am tissue m 68 of the 100 cases The motor com- 
ponents weie most commonly involved The following disoiders \\ere 
obseived in 68 patients, seveial of whom had moie than one of the 
signs enumerated 


Symptom 


No of Patients 


Hemiplegia 22 

Monoplegia 5 

Paraplegia • 1 

Quadriplegia 1 

Slight heimparesis 5 

Slight monoparesis 1 

Local sensory disturbances 8 

Ataxia 16 

Aphasia 21 

Apraxia 1 

Deafness 2 

Dysphagia 1 

Dysphonia 1 

Dysarthria 1 

Trigeminal pain 2 

Trigeminal anesthesia 3 

Facial paralysis (peripheral) 2 

Hemianopia 5 

Urinarj disturnances 2 
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The signs outlined were usually of marked degree and showed no 
evidence of improA^ement , they ■were more apt to become progressively 
worse The exception to this was the peripheral facial paralysis, which 
cleared up m about ten days Patients with hemiplegia often had 
monoplegia first The ataxia was frequently truncal Aphasia and 
hemiplegia occurred commonly m combination in the same patient 
Hemianopia, when present, was usuall} homon}mous 

VISUAL SYMPTOMS RLI'ERABLE TO INCREASED 
INTRACRANIAL PRESSURE 

Thirt)-fi-\e patients showed Msual symptoms referable to increased 
intracranial pressuie, although man}, such as blurring of vision, were 
mild Diplopia, usually transient, was a prominent s} mptom m 10 cases 
and was apparent!} due to general pressure on either one or both of the 
abducens nerves intracranially, so that paresis of the lateral rectus muscle 
resulted Seventeen of the group complained of blurred vision, which 
appeared to be caused by papilledema Tw'o patients complained of 
photophobia Ambl}opia w^as present in 1 patient despite absence of 
papilledema or atrophy of the optic ner\e A single cerebellar metas- 
tasis, observed at autopsy, did not appear to explain this condition 

MENINGEAL IRRITATION 

Some wiiteis have recorded meningeal irritation as a common 
symptom ^^^e obser\ed it in 7 patients It w’as CMdenced b} slight 
nuchal rigidity and a subjective sense of stiftness of the cervical muscles, 
associated wuth se\ere headache 

PAPILLEDEMA 

Well defined papilledema of measuiable degree often accompanied 
by retinal hemorihages, was seen m 31 of the 100 patients In 
40 additional patients the heads of the optic nerv'es were haz} or 
blurred The opinions of different obser\ers varied as to wdiether this 
lepresented beginning papilledema The optic fundi appeared normal 
111 the remaining 29 cases Secondar} atroph} of the optic nerve did 
not develop because of the relatnely short duration of the papilledema 
prior to death 

SYMPTOMS REFERABLE TO THE PRIMARY GROWTH 

The 23 patients wnth tumors of the breast all had showm definite 
indications of the condition, and in all instances a mastectomy had been 
performed There weie definite signs of a primaiy malignant tumor 
in 18 additional patients, and m the cases of many of these pievious 
histologic studies had established the diagnosis Symptoms suggestive 
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of a primal y malignant tumor weie present in 9 cases These included 
slight cough, pain in the chest, hemopUsis and gastrointestinal dis- 
turbances In 34 cases symptoms leferable to a priman malignant 
tumor weie lacking or %\erc not elicited Cases of caicmoma of the 
lung formed the greatei part of the last group, and, as has been empha- 
sized by Bunts,-* the intracianial disease was the earliest e\idcncc of 
the pulmonary condition In 16 cases (table 1) the original site of the 
malignant giowth w^as not detei mined 

Only 2 of the 42 primaiy bionchial giowths produced signs which 
pointed definitely to the source These signs w^eie fe\er, chills, cough 
and hemoptysis In 10 additional cases iheie weie suggestive s\mptoms 
such as slight cough wnth or wuthout hemopl^ sis, and in a few’ thcie was 
pain in the chest Thirty of the primaiy bronchial giowths failed to 
produce symptoms Elkington obsened symptoms referable to the 
chest in 7 of his 9 cases of bionchogemc caicmoma These sjmptoms 
w'ere not seveie enough for the patients to consult a ph}sician, but weie 
elicited on questioning aftei the onset of cerebral symptoms 

CDimnROSPINAL FLUID 

A study of the cerebrospinal fluid w’as made m 54 of the 100 cases 
and of the ventiicular fluid in 5 additional ones In 38 (70 3 per cent) 
of the 54 cases the spinal fluid w’as abnormal, with regaid chiefly to an 
inciease m the total protein content and the globulin reaction and in 
a few’ specimens to an increase in the ccllulai content A posilne 
Wasseimann leaction w’as obtained in the stronger dilutions in 3 speci- 
mens Only 1 such reaction w’as associated w’lth a positne Wasseimann 
leaction of the blood Thiee of the 5 specimens of ventnculai fluid 
were abnoimal in the same lespect as the spinal fluid 

The spinal manometiic pressure w'as recorded in 18 instances, and 
in these it w’as greater than the top normal value of 180 mm of w’atcr 
in 7 cases Slight leukocytosis was found m 7 of the 54 specimen'', 
and for these the cell counts w’ere recorded as 55, 50, 48, 17. 15, 12 and 
11 per cubic milhmetei, i esi:)ectively L>mphoc}tes predominated in all 
This cellular increase in the spinal fluid occurs with about the '^ame 
fiequency as in cases of primar} cerebral neoplasm, according to a 
pievious study by one of us (C C H of 186 such cases 

The total protein content w’as increased in 38 specimens and mea- 
suied betw’een 56 and 241 mg pei hundred cubic centimeters The 

24 Bunts, A T Intracranial Metastasis as Earliest EMdence of Carcinoma 
of the Lung, Cle\ eland Clin Quart 3 234-241 (Juh) 1936 

25 Hare, C C The Cerebrospinal Fluid Obtained b\ Lumbar and In 
Ventricular Puncture in Tumors of the Brain, Bull Neurol Inst New York 4 64- 
90 (March) 1935 
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globulin reaction in a like numbei of specimens was increased to from 
1 to 3 plus 

ROENTGEN STUDY OE THE SKULL 

Stereoscopic roentgenograms of the skull weie taken in 91 of the 
100 cases They appeared normal in all respects in 40 and abnormal 
in 51 Metastases to the bones of the skull weie seen in 15 cases 
A calcified pineal gland was displaced m 24 additional cases Erosion 
of the clinoid piocesses oi the dorsum of the sella turcica was evidence 
of inci eased inti acranial pressure in 22 cases In many of the last- 
mentioned group the pineal gland was also displaced Calcification in 
a tumor mass was obsened in the loentgenogram of the skull m 1 case 
Encephalographic studies were made m 10 cases, and m 8 of these 
there were abnormalities indicative of a tumoi Ventiiculograms were 
taken in 9 additional cases Six Aveie abnormal but lacked evidence 
foi a positive diagnosis of tumor or foi localisation of the giowth 
In the remaining 3 theie was definite localisation of a tumor 

The erosion of portions of the sella turcica in 25 cases is of inteicst 
In 10 of these the peiiod elapsing between the first neurologic symp- 
tom and the i oentgenographic study of the skull was less than three 
months The changes in the sella turcica in these 10 cases weie slight, 
but were considered definitely abnoimal 

The calcification obser^ed in the tumoi in 1 case is of mteiest, 
for usuall} the metastatic mass is present for too short a time to peimit 
such a change In this parliculai case a mammar} carcinoma had been 
removed five years previousl}, and cerebial symptoms were noted only 
two months piioi to loentgen study of the sluill At autopsy three 
tumoi masses were observed in the brain, one conesponding in location 
with the calcification seen on the roentgenograms All three masses 
contained aieas of caseous degenerated tissue 

ROENTGEN STUDY OE THE CHEST 

Roentgenograms of the chest were taken in 35 of the 42 cases 
in which a bronchogenic carcinoma was diagnosed at autopsy A 
roentgen diagnosis of pi unary tumoi of the lung was made in 27 of 
the 35 cases In 7 othei cases the roentgenologist leported changes 
in the lungs suggestive of an infectious piocess, including enlaigement 
of the peribronchial lymph nodes in 1 instance and pleuial effusion in 
anothei In only 1 case weie the roentgenograms entirely noimal 
Not infiequently the piimaiy bronchogenic caicinoma is so small that 
even at autopsy it is seen only aflei prolonged search It may oiigmate 
in a secondary or teitiary bionchial tube 

Roentgenograms of the chest Avere taken m 20 of the 23 cases of 
primaiy^ caicinoma of the bieast Metastases to the lung weie seen in 
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14 of the 20 cases A shado^\ suggestne of an aneui\sm appealed 
in the roentgenogi ams of 1 patient Permission foi autops\ \\as not 
obtained in this case In 2 cases the lungs appeared entiieh fiee of 
metastases 

Roentgenograms of the chest were taken m 5 of the 8 cases of tumor 
piimary in the gastrointestinal tract m onh 1 ^\erc there signs of 
metastasis, and that was from the colon 

Roentgenogi ams of the chest in the cases of piiman giowths in the 
ovaiies or adienal glands showed nothing abnoimal Pulmonary melas- 
tases were present in each of the cases of pnmaiy caicinoma of the 
penis or uteius One of the 2 renal tumois metastasi/ed to the lung as 
did 1 of the 2 caicinomas of the thyroid 

Of the 16 cases in uhich the site of the pnmaiy giowth was 
undetei mined, roentgenogi ams of the chest w^eie taken m 8, the) weie 
noimal oi show^ed an old infectious process In 1 a tumoi of the 
lung w^as suspected 

DIAGNOSIS 

The diagnosis is simple m cases m which theic aie a known piiman 
carcinoma of the hi east and latei signs indicative of a ceiebial neoplasm 
The metastases may occur a nuinhei of >eais aftei suigical oi loentgcn 
treatment of the inatnmaiy tuinoi In 22 of out 23 cases of metastatic 
caicmoma of the breast, the mteival betw^een the mastectomy and the 
fit St neuiologic sjmptom at ei aged tw^enty-five months The shot test 
mteival w'as foui months and the longest six yeais, except m 1 instance, 
in wdiich the neuiologic signs preceded the mastectomt The metast.ises 
occuired despite the fact that most of the mastectomies w'erc of the 
radical type and were followed b}^ roentgen therapy Unfoitunatel} no 
complete data aie available regaidmg the duiation and amount of the 
roentgen theiapy and the extent of the operatne procedures Fie- 
quently the metastases pass fiist to the lungs and may be seen there in 
roentgenograms In all the cases in oui series the coirect diagnosis 
w^as made 

When the pi unary giowdh is m the bronchial tissue and there are 
signs of a tumoi of the brain an incorrect diagnosis is common d'his 
results eithei fioin failure to elicit a histoiy of aii} bronchial distuibancc 
01 fiom failuie of symptoms of such a distuibance to de\elop Roent- 
gen studies of the chest aie theiefore often omitted and clinical exami- 
nation of the chest laiely aids m diagnosis of a small giowth It is 
therefoie not known that a bionchogenic carcinoma is piesent and 
all efforts are aimed at detei mining the cause of the picsentmg cerebral 
distuibances This is then often deteimmed to be a pninan tumor of 
the brain, usual!} of ghoinatous oiigin It may be only after the suigcon 
has peifoiined a cianiotomy and has examined a specimen of the tumor 
tissue histological!} that the tiue nature of the di'^ea'^e is known 
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Roentgenograms of the chest then usually reveal a tumor arising from 
a bronchus In other cases in which the surgeon fails to find the tumoi 
tissue in the brain the diagnosis may be made only at the autopsy 
table Probably m many instances the coirect diagnosis is never 
established 

In many cases of undetermined bronchogenic carcinoma the ceiebral 
disturbances may be diagnosed as resulting from cerebral thrombosis or 
hemorrhage, abscess of the brain, subdural hematoma, ceiebial aneurism, 
encephalitis or ceiebral arteiioscleiosis In oui senes of cases such a 
diagnosis was commonly made by one or more of the many physicians 
who examined each patient clinically 

In cases m which there is a piimaiy giowth elsewhere than in the 
bionchial tiee theie aie usually' indications which lead to the diagnosis 
of carcinoma before cerebral metastases occur 

PATHOLOGIC STUDILS 

Autopsy studies were made m our own pathologic laboratories in 34 
of the 100 cases In most cases a complete autops}’’ was permitted , in 
others the contents of the cranial cavity only weie examined In 6 
additional cases autopsy reports confirming the presence of ceiebial 
carcinomatous metastases were icccived fiom laboratories of other 
hospitals Data from these reports are not included in the following 
sections 

Gloss Appeal aucc of the Biam - — The outstanding feature w'as the 
asymmetry of the ceiebral or ceiebellai hemispheres w'lth distortion of 
the associated structures These changes were not extensive but w'ere 
localized to the regions invaded b}’’ the carcinoma In most cases the 
ventricular systems w^ere inAolved m the distortion The ceiebial gyri 
were frequently flattened and the sulci narrowed, and the entire brain 
had a swmllen, edematous appeal ance Tumor masses extended to the 
cortical surface in only 2 brains A distinct herniation of the cerebellai 
structures into the foramen magnum was seen in 3 cases 

Number of Tnmois — Multiple tumoi s w^ere present in 20 brains 
and single tumors in 14 

Position of Tnmois — ^The cerebrum w^as invohed in 26, the cere- 
bellum m 16, the brain stem in 6 and the pituitai} gland in 2 cases 
Single nodules v'ere observed m one cerebellar hemisphere in 5 cases 
and m one cerebral hemisphere in 8 cases A single metastatic nodule 
was seen within the medulla oblongata m 1 case 

Elkington pointed out that these types of tumor invai lably involve 
the brain substance at the junction of the cential wdiite and the cortical 
gray matter This localization of the metastatic nodules wnthin the 
parenchyma was observed in the gieat majorit)'^ of our cases (fig 1) 
Most of the larger tumors seemed to extend into the wdiite rather than the 
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gray mattei Elkington further pointed out that the junction between 
w'hite and gra} matter is the usual location of metastatic abscesses of 
the brain He suggested that the predilection of this aiea for hlood-bornc 
foieign bodies ma} be due to the breaking up of the pial aitcnolcs into 
then terminal capillaiies at this point 

Appeal ance of Tiimojs — The tumoi masses \aried grealh m si/c 
As a rule, if laige tumors w'erc piesent they weic few' The laigoi 



Fig 1 — Aliliarj nodule of a carcinoma metastatic to the cerebrum Note the 
position of the nodule at the junction of the gray and the white matter The 
photomicrograph show's well the destruction of the parenchjma at the cite of 
the lesion Note the good preservation of the m}ehn in the \icinit}, of the 
metastatic tumor Pal-Weigert stain , X 12 

masses frequenlh measured 5 to 10 cm in diameter In some brains 
gieat numbers of pinhead-si7ed tumors were present the biain gnmg the 
appeal ance of haMitg been spiated with metastases 

The laigei tumors w'ere commonh composed of soft degenerated 
tissue and m some instances were actually c\stic The firmer tumors 
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were well demarcated, and some shelled out easily from the formalde- 
hyde-hai dened brain tissue 

Appemance of Meninges — The dura was grossly involved by a large 
tumor in 2 cases In 1 of these the frontal bone was also eioded The 



Fig 2 — Reactive astrocytosis at the margins of the metastatic carcinoma nodule 
in the brain Cajal stain, x 454 


pia-arachnoid was grossly involved m the vicinity of the underlying 
tumor in 2 additional cases No cases of meningeal carcinomatosis were 
included in our series 

Metastases to SUncHues Othei Than the Biain — In only 2 of the 
20 cases of primary carcinoma of the lung was the brain the sole 
recipient of metastases The other structures most commonly involved 



HARE-SCHWARZ—INTRACEREBR IL MET4STASES 


550 


M'eie (1) the regional lymph glands, (2) the adienal glands, (3) other 
pulmonary areas and (4) the Iner Less commonh aficctcd structincs 
were the ovanes, pancieas, pericardium, diaphragm, long bones kidne\s, 
spleen and penprostatic tissue In 3 of the 9 cases of priman tumor 



Fig 3 — Perivascular orientation of the tumor cells There is no proliferation 
of the vascular elements Laidlaw connective tissue stain , X 454 


of the breast there were metastases onh to the brain Other structures 
commonly involved were (1) the lungs, (2) the li\ei (3j the adrenal 
glands and (4) the pancreas The structures less frequenth inaolved 
were the axillaiy hmph glands (most of them had been prcMoush 
remoted or treated nith roentgen rats), heart, stomach, colon otaries, 
kidne}S and tlnioid 
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There A\eie 5 cases ni which the piimar\^ malignant tumor was not 
located Autopsies in 4 of these cases were limited to the head , in the 
fifth, though the autops} was complete, there was no evidence of the 
primary growth or of metastases except m the brain It seems likely 
that metastasis originated from a small bronchogenic carcinoma In a 
few cases the primary bronchogenic tumor was very small 



Fig 4 — Cluster of metastatic carcinoma cells about a capillary of the cerebellum 
in an invaded area Hematoxylin and eosin stain, X 384 


In the 1 case of carcinoma primary m the adrenal gland there were 
metastases to the kidnc}’’, lung and 1} mph glands as well as to the brain 
In the case of carcinoma primar) in the colon there were metastases to 
the lung and the cervical veitebrae as well as to the brain 

Microscopic Appeal once of Illinois — Ihe tumor cells of the 
metastatic nodules m the brain varied, as did the cell type of the primary 
tumor In the majority of cases the cell tjpes in the metastases were 



HARE-SCHWARZ—IXTR'iCLRllBRlL VLl \S1 ISES 


5r>i 

identical with those of the pnmai\ giowth Ho\\e\cr in a few instances 
the cells of the cerebral metastases showed a definite histologic diiTcience 
in size and aiiangemcnt from those of the piiinar\ tumor The laiger 
tumors showed a considerable degice of degeneiatne change ccntialh 
At the maigins of the nodules small clumps of tumoi cells were seen 
invading the neaib} parenchyma about the blood \es‘;cls (figc 3 d and 



Fig 5 — ^Metastatic carcinoma infiltrating the cortex in perua'icular growlli 
Note the degeneration of mam ganglion cells between tlic piojccting fingers of 
tumor tissue and the good preservation ol some nerve elements awav irom the 
invaded area Nissl stain, X 192 

5) In a few cases tumoi cells were obsened within the lumen of the 
blood ^essel We believe that this tendency of the tumor cells to orient 
themsehes about the blood vessels is one of the most striking features of 
ceiebral metastatic carcinoma 

26 Hassin, G B , and Singer, H D Histopatiioiogv of Cerebral Carcinoma 
Arch Neurol (51 Psvchiat 8 I55-I70 (Aug) ld22 
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It should be stressed that the invaded hi am tissue was totally 
destroyed and leplaced by tumor tissue (fig 1) This may be important 
as an explanation of the fact that there is little evidence of increased 
intracranial pressure m cases of metastatic tumor Wheieas m cases of 
primary tumoi of the brain the infiltration and moderate destruction 
of paienchyma result in an mciease m intracianial contents, m cases 



Fig 6 — Si aces i eprescntiiig the position of the tumor nodules (perivascular) 
The photoiniciograph shows the prescr\ation of neurofibrillae in the heart of the 
invaded zone, although many arc degeneiated The neighboring tissue is well 
preserA ed Bielschowsky stain , X 192 

of metastatic tumoi, the complete destiuction of the paienchyma and 
Its replacement by neoplastic tissue suggest that there is less increase in 
intracranial contents, and therefoie less increase in inti acranial pressure 
m most cases 
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Mjci o<;coptc Appeaiancc of Snnonndinq Bimn — \l auloj)'>\ some 
of the laigei metastatic nodules could be enucleated easih and appeand 
to be entirely iemo\able j\iicioscopicall} , ho\\e\er tumor cells wcie 
seen extending into the sui rounding brain tissue in man} instances The 
gicatest change appeared to be the edema of the sunoun<hng In am 
tissue, with swelling of the glial cells, but for the most part the .idjacent 
paienchyma was well preseived (figs 5 and 6) In most cases there 
WMs a considerable increase m the number of aslrocrtes m the biam 
tissue immediately suirounding the tumor (fig 2) Peinasculai mfil- 
tiation of pol}moiphonuclear leukocytes and l}mphoc}tcs appealed 
commonly 

TREATMENT 

Tieatment is directed tow^ard making the patient as comfoitable as 
possible As has been mentioned, the usual methods of dclndration do 
not appear to relieve the headache to any gieat extent In 3 of oui cases 
relief fiom headache w^as obtained foi a few w'eeks b} this foim of 
treatment 

Suigically, It does not appear wan anted to do moie than a suh- 
temporal decompiession There ha\e been numeious icpoits of lehef 
from headache by this proceduie Nine of the 34 patients m oui 
senes w^cie opeiated on In 2 cases subtempoial decompiession was 
done wnth relief fiom headache, but both patients died m less than two 
weeks after the operation A craniotom}'- was peifoimcd in 5 addi- 
tional cases, death followmig in 4 instances in less than two weeks One 
additional patient was thought to have a subduial hematoma because 
a tiauma to the head piecipitatcd his S}mptoms Tiephincs of the '^kull 
and rentiiculogiams failed to disclose hemoiihagc The patient died 
seven days latei A ventiiculogiam w'as taken of anothei patient and 
his condition became much wmrse These few lepoils '^cem to indicate 
that patients wnth intiacianial metastatic tumor do not stand well e\en 
the simplest neuiosurgical jiioccduics Scren of the 9 patients opeiated 
on died within two weeks aftei the operation It seems doubtful, theie- 
foie, wdrethei an} opeiatne pioceduie is advisable 

In our series 1 patient with severe headache w'as leliercd b} loentgcn 
therapy This foim of tieatment may be worth at least a trial 

There is considerable rariance of opinion as to operatne treatment 
of patients with carcinomatous metastates paiticulaily when it is 
thought that the metastatic lesion in the biain i^^ single Oldberg *' ha^ 
reported 2 cases in wdrich the postopeiatn e period of '^unnal was moic 
than two years and anothei m wdrich it was eight months His expe- 
rience has led him to adrocate operation under farorable conditions 

27 Oldberg E Surgical Considerations of Carcinomatous Mcta=;ta=i= to Bra.n, 
JAMA 101 1458-1462 (Xo% 4) 1933 
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Fried and Buckle}^ favored operative tieatment because it prolonged 
the lives of 4 of their patients for five months, seven months, two years 
and seven years, respectively Five other patients died within two Aveeks 
after operation Cushmg,^ Giant,-- Elkington,^° Bunts and otheis 
have faA^oied a less radical piocedure, such as decompression foi relief 
from intiaciamal pressure, piovided anA' operatu^e proceduie is indi- 
cated In our opinion operation is indicated only foi patients suffering 
pain from an associated inciease in mtracianial pressuie Decom- 
pression may affoid tempoiary palliation of symptoms in such cases and 
appeals to be indicated, piovided the general health of the patient is 
such that at least a fcAv months of life aie to be expected Most of the 
lepoits m the hteratuie shoAv that lemoA'al of a metastatic nodule fiom 
the brain, eA^en though it is single, does not gieatly piolong life 


CONCLUSIONS 

1 Bionchogemc and mammaiy carcinoma commonl}’- metastasue to 
the brain 

2 The primary carcinoma in cases of cerebial metastasis is most 
commonly m the lung or bieast In oin senes of 100 cases theie A\eie 
65 in Avhich the primaiy tumor A\as so located 

3 A bionchogemc carcinoma often manifests its effects by cerebial 
metastasis befoie theie are any pulmonary signs 

4 Caicmoma Avith cerebial metastases is not uncommon in peisons 
less than 40 years of age In our senes it occmied m 27 of 100 cases 

5 The disease occurs predominant!} m male patients, in the ratio 
3 2 1, piOAuded the cases of primary carcinoma of the bieast aie 
excluded 

6 Symptoms of metastasis aie usually of short duration befoie the 
patient becomes seiiously ill 

7 Gradual onset of mtracianial symptoms in cases of metastatic 
intracerebral carcinoma, accoidmg to this study, is infiequent (17 pei 
cent) The onset occprred suddenly m 36 of our 100 cases 

8 Patients Avith metastatic ceiebral tumor do not toleiate suigical 
procedures Avell The aveiage duiation of life from the time of the 
first neui ologic symptom until death Avas thi ee and six-tenths months foi 
the 32 persons Avho died Avhile under oui care The suiaiaM penod Avas 
much shortei foi those Avho Aveie operated on 

9 Mental alterations may occur Alterations of A’^arymg degiee 
Avere present in 50 pei cent of the patients studied, exclusiA’^e of those 
observed during the feAv days preceding death 

10 SeA^eie headache may be an outstanding symptom It may oi 
may not be associated Avith papilledema 
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11 Signs of chronic debilitating disease may be absent They vvcic 
lacking 111 40 per cent of the cases in this series 

12 Abnoimaiity of the spinal fluid is a prominent finding It 
occurred in 70 per cent of the cases in which the spinal fluid was 
examined 

13 Roentgenogi aphic erosion of the sella turcica may be piesent 
In this senes it was not uncommon in spite of the supposedly short 
duration of the cerebial metastases 

14 Encephalographic and clinical studies may localize one of the 
metastatic masses, which is usually the laigest, and may fail to show the 
presence of other, smaller nodules 

15 Even after metastasizing to the brain, bronchogenic carcinoma 
may not appeal as such on roentgenograms of the chest 

16 Metastatic ceiebial tumors may be single or multiple Multiple 
tumors were obseived in 20 biams lemoved at auiopsy, single nodules, 
in the remaining 14 cases 

17 In piactically all cases of ceiebial metastasis there are metastases 
to other organs 

18 Ceiebral disease m addition to the metastases may be piesent In 
1 of our cases a cholesteatoma was observed in the cerebellopontile 
angle at autopsy, and in 3 syphilis of the cential neivous system was 
evidenced by positive Wasseimann reactions of the spinal fluid 

19 A primary cerebial neoplasm may be present with a carcinoma 
elsewhere in the body We have obseived 2 cases, not included in this 
series, m which a ceiebial glioblastoma multifoime was verified patho- 
logically and was associated with a prostatic caicinoma without metas- 
tases Cases in which theie weie cerebral metastases from the piostate 
tissue were lacking in our series 

20 Surgical lemoval of single metastases in a few cases may pro- 
long life for months, oi even foi seveial yeais, such cases, howevei, foim 
a small percentage of those in which operation is done, most of the 
patients dying shortly aftei craniotomy 

21 Subtemporal decompiession often relieves the headache and 
affords great comfort to the patient and his lelatives 

22 When craniotomy is to be performed roentgen studies of the 
chest should be made, regardless of the age of the patient 

Permission to use the autopsy material described in this paper was granted 
by the department of pathology, Columbia University College of Physicians and 
Surgeons 


PRIMARY CARCINOMA OF THE LIVER 

TUMOR THROMBOSIS OT THE INFERIOR VENA 
CAVA AND RIGHT AURICLE 

RAYMOND GREGORY, MD 

M ASIIINGTON, D C 

The comparative raiity of primary carcinoma of the livei is shown 
by the figures of Rowen and Mallory/ who found 7 instances of this 
condition m 6,506 consecutive autopsies Orth - found 4 cases of 
primary carcinoma of the liver in 258 cases of hepatic cancel and in 
713 cases of cancer of all t 3 'pes Goldziehei and Bokay ® encountered 
this disease 18 times in 6,000 necropsies Plansemann ‘ and Rindfleisch ° 
concluded from their studies that primaiy carcinoma of the liver 
repiesents about 0 5 pei cent of all cancers 

Ewing® stated that metastasis occurs infiequently Of 163 cases 
of primary carcinoma of the livei studied by Eggel,' 46, or 28 pei cent, 
showed no extensions, and m 50, or 30 pei cent, metastasis was limited 
to the branches of the hepatic oi the portal veins The lungs vere 
the most frequent extrahepatic site of metastasis 

The great infrequency with which tumoi thrombosis of the inferior 
vena cava occuis was shown by Simpson In his study of this condi- 

From the Depaitment of Medicine, the Louisiana State University Medical 
Center, and the Charity Hospital 

1 Rowen, H S , and Mallory, J B A Multinucleated Liver Cell Carcinoma, 
Am J Path 1 677, 1925 

2 Orth, J Lehrhuch der speciellen pathologischcn Anatomic, Berlin, A 
Hirschwald, 1887, p 955 , cited by Ewing, J Neoplastic Diseases, ed 3, Phila- 
delphia, W B Saunders Company, 1931, pp 721 and 731 

3 Goidzieher, M , and von Bokay, Z Der primarc Leberkrebs, Virchows 
Arch f path Anat 203 75, 1911 

4 Hansemann, D Ueber den piimarcn Krebs der Leber, Berl klm 
Wchnschr 27 353, 1890 

5 von Rmdfleisch, H Lebercirrhose und gewissen epithelialen Neubildungen 
der Leber, Munchen med Wchnschr 48 283, 1901 

6 Ewing, J Neoplastic Diseases, ed 3, Philadelphia, W B Saunders 
Company, 1931, pp 722-723 

7 Eggel, H Ueber das primare Carcinom der Leber, Beitr z path Anat 
u z allg Path 30 506, 1901 

8 Simpson, W M Tumor-Thrombosis of the Inferior Vena Cava, with 
Four Additional Cases of Neoplastic Invasion, Ann Clm Med 3 29, 1924 
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tion, he was able to find but 78 cases m the literature up to 1924 In 
only 7 of this number was the condition due to primary caicinoma 
of the liver 

The rarity of tumor thrombosis of the inferior vena cava or the 
right auiicle resulting from primaiy carcinoma of the liver is further 
shown by my survey of the literature, in which I found reports ° of 
234 cases of primary carcinoma of the liver In only 6 of this number 
was there thrombosis of the vena cava or right auricle In 1 of these 
cases the involvement was insufficient to produce any obstruction In 
another the tumor thrombus in the right auiicle resulted from direct 
extension through the diaphragm and wall of the right auricle 

The difficulties encountered in the diagnosis of pi unary caicinoma 
of the liver with tumor thrombosis of the inferior vena cava or right 
auricle or both of sufficient degree to produce obstruction caused me 
to analyze the 7 cases previously reported by Simpson and the 4 addi- 
tional cases found in the literature and to report my study of an 
additional case 

REPORT OF A CASE 

C W , a Negro aged 35, a farm laborer, was admitted to the medical service 
of the Charity Hospital on Sept 6, 1936 His complaints were pam in the back 
and swelling of the extremities Five weeks before admission, his left ankle began 

9 Clawson, B J , and Cabot, V S Primary Carcinoma of the Liver, J A 
M A 80 909 (March 31) 1923 Griffith, J P C Primary Carcinoma of the 
Liver in Infancy and Childhood, Am J M Sc 156 79, 1918 Boyce, F F , and 
McFetridge, E M Primary Carcinoma of the Liver, with Report of Twenty- 
Eight Additional Cases, Internat S Digest 18 67, 1934 Martinez, J A Primary 
Carcinoma of the Liver Description of an Unusual Case, Lancet 2 1293, 1935 
Smith, K J Primary Carcinoma of the Liver, J Lab & Clin Med 18 915, 1932 
Brines, 0 A Primary Tumors of Liver, Am J Qin Path 3 221, 1933 Tull, 
J C Primary Carcinoma of the Liver A Study of One Hundred and Thirty- 
Four Cases, J Path & Bact 35 557, 1932 Strong and Pitts Counseller and 
Mclndoe 10^ Von Glahn and Lamb^®^ Williamson, C S Primary Carcinoma 
of the Liver, M Clin North America 8 453, 1924 Fnedenwald, J , and Fried, 
H Primary Cancer of the Liver, Am J M Sc 168 875, 1924 Fried, B M 
Primary Carcinoma of the Liver, ibid 168 241, 1924 Karsner, H T A Clinico- 
pathological Study of Primary Carcinoma of the Liver, Arch Int Med 8 238 
(Aug ) 1911 Milne, L S Primary Epithelial Tumor Growth in the Liver, J 
Path & Bact 13 348, 1909 

10 (a) Culpepper, A L, and von Haam, E Primary Carcinoma of the 
Liver with Extensive Metastasis to the Right Heart, and Tumor Thrombosis of 
the Inferior Vena Cava, Am J Cancer 21 355, 1934 (b) Von Glahn, W C, and 

Lamb, A R Primary Carcinoma of the Liver, M Clin North America 8 29, 
1924 (c) Strong, G F , and Pitts, H H Primary Carcinoma of the Liver, 

Arch Int Med 46 105 (July) 1930 (d) Counseller, V S , and Mclndoe, A H 
Primary Carcinoma of the Liver, ibid 37 363 (March) 1926 (e) Fabyan, M 

A Case of Primary Carcinoma of the Liver Supervening in a Cirrhotic Liver, Bull 
Johns Hopkins Hosp 18 351, 1907 
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to swell The swelling was marked for several days It always diminished and 
sometimes disappeared during the night Shortly afterward the right foot began 
to swell The patient continued his work until the day before admission, at which 
time edema ot both extremities was very marked and extended about half way 
between the knee and the hip Three weeks previous to admission and two weeks 
after the onset of edema, the pain in the back was noticed It was in the right 
lumbar region and was constant and aching in character, but sometimes so severe 
as to permit no rest or sleep It did not radiate and was not increased by postural 
changes It was relieved, however, by sitting up This symptom caused the patient 
to seek admission to the hospital He had not been aware of fever He urinatid 
about ten times daily, with equal distribution between night and day He had 
had gonorrhea and a penile sore twelve years before admission The family, 
social and marital histones were irrelevant He persistently denied that he had 
noticed any dyspnea It may be emphasized that he had been doing hard farm 
work until the day before admission He had walked fi\e miles and worked until 
midnight twice a week m addition to his farm duties 

Physical Exavwiaiion — The patient was w'cll developed and well nourished 
He did not appear acutel}'' ill There were no important abnormalities in the 
head, neck, lungs or heart The blood pressure was 160 systolic and 98 diastolic 
The liver w'as easily palpated about 4 cm below' the right costal margin in the 
midclavicular line, at about w'hich point a distinct notch or nodule w'as felt 
The liver w'as firm, the edge was not sharp, and there was no tenderness The 
abdomen w'as otherwise normal The patient was not jaundiced The rectum 
and the genitalia w'cre normal There w’as questionable tenderness of uncertain 
significance in the right costo^e^tebral angle There was marked pitting edema 
with shiny skin up to about 6 inches (15 cm ) abo\e the knees The temperature 
was normal on admission 

Laboratoiy Data — The urine contained a trace of albumin on three occasions 
Results of microscopic examination were alwa\s normal Examination of the blood 
showed the value for hemoglobin to be 90 per cent, the white cell count was 6,750 
per cubic millimeter, with 17 per cent Ijmphocjtcs and S3 per cent pohmorpho- 
nuclears No malarial organisms or filarias were seen The Wassermann reaction 
of the blood was strongly positive on two occasions The urea nitrogen content 
of the blood w'as 35 mg and the creatinine content 2 9 mg per hundred cubic 
centimeters on the day before death Roentgenograms of the chest show'ed no 
pathologic condition of the lungs, mediastinum or great ^essels A large liver 
shadow and elevation of the right dome of the diaphragm were seen Antero- 
posterior and lateral roentgenograms of the spine show'ed no evidence of disease 

Cotiise ill Hospital — The patient was given complete rest in bed and was able 
to he flat on his back oi abdomen without djspnca After he had spent a week 
in bed the edema was much less, but never disappeared His onlv complaint 
was backache Although there was some general improvement, it was v'ery slight 
There were elevations of temperature to 99 F and on several occasions to 100 or 
101 F, but this was not continuous 

The patient was not aware of anj' significant loss of weight Because of the 
history of a penile lesion, the positive Wassermann reaction and the hard, irregular 
liver, a diagnosis of gummas or syphilitic cirrhosis of the liver was considered, and 
he was given potassium iodide and bismuth medication We were unable, how- 
ever, to account for the marked dependent edema on this basis Filariasis was 
considered, but no filarias were seen in either of two examinations of the blood, 
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one of which was made at night Because of the possibility of a malignant retro- 
peritoneal tumor compressing or invading the inferior vena cava, roentgenograms 
of the kidneys, ureters and bladder were made, but no abnormality of this sort 
was suggested by the findings The patient was then transferred to the urologic 
service for retrograde pyelographic studies While a slight urethral stricture was 
being progressively dilated as a preliminary procedure, his condition became much 
worse, and he was transferred back to the medical service 

Examination at this time, one month after admission, showed him to be 
orthopneic The veins of the neck were engorged, and there was a marked increase 
in the size of the liver, which extended to the umbilicus and was very tender 
There were moderate ascites and extreme edema of the lower part of the trunk, 
the scrotum, the penis and the lower extremities In addition, slightly dilated 
veins were noted for the first time on the upper part of the abdomen and the 
lower aspect of the thorax on both sides Pressure on the upper part of 
the abdomen, particularly over the liver, produced marked increase in the jugular 
engorgement The patient complained of extreme backache, which required codeine 
or morphine for relief From this point the course was rapidly downhill Death 
occurred on October 25, forty-eight days after admission Autopsy was performed 
by Dr J R Schenken, of the department of pathology, thirty-six hours after death 
The anatomic diagnosis was primary carcinoma of the liver (of liver cell type) 
with widespread hepatic involvement (weight of liver, 4,000 Gm ) and extensive 
tumor invasion of branches of the hepatic veins, tumor (carcinomatous) thrombus 
of the inferior vena cava and right auricle (filled) and tumor embolism of the 
pulmonary arteries , cirrhosis of the liver , bilateral edema of the lower extremities, 
and ascites, with serosanguineous fluid 

In spite of the numerous findings which suggested congestive heart 
failure at the end, the clinical course was definitely against such a 
diagnosis The marked edema of the legs on admission with no short- 
ness of breath or jugular distention deserved further emphasis in this 
connection The pulse rate was about 84 much of the time, even during 
the last few days The dilatation, though slight, of the veins of the 
upper part of the abdomen and the lower part of the thorax pointed 
to obstruction of the inferior vena cava as the cause of edema of the 
lower portion of the body This, however, did not explain the orthopnea 
or the jugular distention Nor would it account for the increase m 
size or the tenderness of the liver unless the obstruction was at or 
above the diaphragm 

The extreme backache of which the patient complained and because 
of which he sought admission to the hospital was not explained clinically 
Metastatic spinal disease was ruled out by roentgenograms The pos- 
sibility of an abdominal aneurysm with spinal erosion was luled out 
in the same manner The fact that the pain was relieved, at least m 
the beginning and to a certain extent at the end, by the patient’s 
assuming a sitting or standing position leads one to suggest as a possible 
explanation that the pain was due to the pressure of the large and 
hea^’y liver against the spine 
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Pleasants called attention to lumbai pain as a feature of thrombosis 
of the vena cava of inflainmator}' and tumoi origin, but he did not 
explain the mechanism of the pain 

The possibility of the pain being due to increased pressure in the 
renal veins, with renal congestion, is perhaps worth consideration 

The final clinical diagnosis rested between tumor thrombosis 
(primary origin unknown) of the inferior vena cava and syphilitic 
cardiovoscular disease with congestive heait failure 

COMMENT 

I have found in the literature 11 instances of tumor thrombosis of 
the inferior vena cava or the right auricle or both which resulted from 
primary carcinoma of the liver To this list I am adding a case 

I have arranged my analysis of the complaints, physical findings 
and laboiator} data (including autopsy observations) in tables 1, 2 
and 3, respectively No clinical data are available on the cases reported 
by Roven and Mallory^ and by Rejnaud’- 

Seven of the cases (6 to 12, inclusive, in the tables) have been pre- 
viously reviewed by Simpson ® My new case is included m the tables 
as case 5 

The difficulty with which primary carcinoma of the Iner with tumor 
thrombosis of the inferior vena ca%a is diagnosed is evidenced in 
table 1 In no instance w^as the diagnosis made correctly The fact 
that a clinical diagnosis was not gnen in 9 of the 12 cases is ground 
for the belief that the clinical diagnosis was wrong In my case (case 5) 
the possibiht) of tumor thrombosis of the inferior ^ena cava w^as sus- 
pected, and as it is well recognized that malignant tumors of the kidney 
are the piincipal souice of such thrombosis, the patient w^as prepared 
for a urologic examination, wdien he suddenly became much w'orse and 
died shoitly theieafter 

The suspicion of obstruction of the infeiioi ^ena cava was later more 
tangibly supported by the development of dilatation of the superficial 
veins of the anteiolateral poitions of the thorax and abdomen Simp- 
son ® has called attention to the infrequent occurrence of this classic 
diagnostic criterion of thiombosis of the inferior vena cava Dilatation 
of the superficial veins was not present in any of the 4 cases in his owm 
series and was piesent in less than one half the cases he reviewed 
Of the 4 cases of piimar} carcinoma of the liver reviewed by me (in 

11 Pleasants, J H Obstruction of the Inferior Vena Cava., with a Report 
of Eighteen Cases, Johns Hopkins Hosp Rep 16 343, 1911 

12 Re 3 'naud, P Cancer du rein droit Presence de la matiere cancereuse dans 
la veine renale, dans la veine cave et dans la bassinet. Bull Soc anat de Pans 8 
60, 1833 , cited bj’- Simpson ® 
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" III tlio table “Hb ” indicates bcinoRlobin content, “RBC," red blood cells “WBC,” nblto blood cells, “Wass ,” the Wnssermann react'on “L ,”ljmphoc>tcs, and “P,” polymor 
pbomiclcars 
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addition to Simpson’s cases), this sign was noted to a slight degree in 2 
In 5 of the 11 cases on which I have clinical data dilated superficial 
veins of the abdomen or thorax were observed This appeals to indicate 
that the incidence of superficial venectasis is approximately the same 
m thrombosis of the vena cava fiom carcinoma of the liver as m tumor 
thrombosis of the inferior vena cava from other souices 

Most writers have called attention to the rapidly fatal course of 
primary carcinoma of the liver The cases reviewed by me confirm 
their observations With the exception of case 4 (reported by Fabyan), 
in which the patient had probably had hepatic cirrhosis for most of 
the nine months of his sickness, the aveiage duration of symptoms 
prior to admission to the hospital was five to six weeks, and the average 
stay in the hospital before death was twenty-eight days m the 4 cases 
on which I have sufficient data 

My primary interest in the study of this subject is in defining the 
criteiion for the diagnosis of primary carcinoma of the liver with tumor 
thrombosis of the inferior vena ca^a, the right auricle or both I have 
found no instance in which tumor thrombosis of the right auricle 
resulted from primary carcinoma of the liver m the absence of 
thrombosis of the inferior vena cava unless such thrombosis took place 
by extension through the diaphragm and the wall of the auricle 

Although small pulmonary emboli of tumor cells were commonly 
observed, I found no instance in which these emboli caused sudden 
death, as Judd and Scholl reported in cases of malignant renal tumors, 
particular!} at or immediately after operative proceduies 

The two uniformly occuriing complaints vere swelling of the lower 
extremities (usually progressive) and swelling of the abdomen Like- 
wise, edema of the lower extremities and ascites were the only signs 
uniformly present 

I believe it to be significant that dependent edema was among the 
first symptoms noted m all but 1 case (case 4) As I have observed, it 
seems likely that the primary complaints of the patient in this case 
were due to cirrhosis of the liver with portal decompensation and that 
the signs of primary carcinoma of the liver weie superimposed as late 
manifestations The initial dependent edema is probably not to be 
explained on the basis of tumoi thrombosis of the inferior vena cava 
alone The development of this edema in the absence of any short- 

13 Judd, E S , and Scholl, A J Thrombosis and Embolism Resulting from 
Renal Tumors, J A M A 82 75 (Jan 12) 1924 

14 (a) Winternitz, M C Primary Carcinoma of the Liver, Johns Hopkins 

Hosp Rep 17 143, 1916 (ft) Bejan, J , and Cohn, M Sur la ligature de la 
veme cave inferieure, etude evperimentale. Rev de chir 43 302, 1911 (c) Cole, 

H P Laceration of the Inferior Vena Cava Repaired by Suture , Recovery, Ann 
Surg 66 43, 1917 Footnotes 8 and 10 e 
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ness of breath is an argument against a diagnosis of heart disease 
It IS essential, therefore, when patients with such edema are seen late 
and have some shortness of breath that a complete history of the 
sequence of events be obtained 

This point IS well illustrated by cases 1, 2 and 5, particularly cases 1 
and 5, in which there was marked edema of the lower extremities for 
two and four weeks, respectively, before the onset of any respiratory 
difficulty Culpepper and von Haam concluded that thrombosis of 
the right auricle occurred before thrombosis of the vena cava in then 
case From an analysis of their clinical data, I believe that thrombosis 
of the vena cava occurred before the right auricle 

Dyspnea of marked degree was present in only 3 patients (1, 5 
and 8) Some dyspnea on exertion was present in patients 2 and 3 
In patients 1, 5 and 8, who had severe dyspnea (orthopnea), thrombosis 
of the right auricle was observed This was observed also in case 6, 
no statement, however, was made regarding dyspnea The correlation 
between extreme dyspnea and auricular thrombosis, although not com- 
plete, IS high From this and theoretic considerations, I believe that 
It is probably an important point Therefore, if malignant thrombosis 
of the inferior vena cava is probable, the sudden onset, after weeks 
of dependent edema, of severe dyspnea or orthopnea, marked increase 
in the size of the liver, ascites and jugular engorgement is strong 
evidence to support the clinical diagnosis of thrombosis of the right 
auricle 

Jaundice was present m 4 of the 11 cases m which there were 
clinical data to a slight degree in 3 cases and to a moderate degree 
before death in 1 case In the latter, the jaundice was associated with 
the presence of bile in the urine Smith has reported a much greater 
incidence of jaundice, observing it in practically all of 23 cases of 
primary carcinoma in which the diagnosis was proved at autopsy 

Reference to table 1 will show that pain is an inconspicuous part 
of the general picture of carcinoma of the liver with obstruction of 
the vena cava As I have pointed out, pain in the lumbar region 
of the back was severe in my case (case 5) and was the immediate 
cause of the patient’s seeking medical attention 

Judging from the data in cases 1 to 5, moderate to marked enlarge- 
ment of the liver is present in primary carcinoma with obstruction of 
the vena cava As I have pointed out, given a large liver and dependent 
edema as the only complaints or signs, the sudden marked increase of 
edema, with appearance of ascites and shortness of breath, should sug- 
gest thrombosis of the right auricle superimposed on thrombosis of the 
inferior vena cava 

15 Rowen and Mallory ^ Orth ^ Culpepper and von Haam 

16 Smith, K J Primary Carcinoma of the Liver, J Lab & Clin Med 18.915. 
1933 



576 


ARCHIVES OF INTERNAL MEDICINE 


Von Glahn and Lamb expressed the opinion that when the 
diagnosis rests between cirrhosis with portal decompensation and primary 
carcinoma of the liver, the presence of a large liver with ascites is m 
favor of the latter They made the point that hepatic cirrhosis is seldom 
associated with ascites when the liver is still large 

The laboratory data (table 3) appear to offer no information of 
differential diagnostic value The urine in 4 of our cases showed 
albumin Simpson® called attention to the infrequency of abnoimal 
urinaiy findings even in the presence of complete thrombosis of the 
vena cava above the renal veins He explained this as being due to 
the ease with which the renal capsulai collateral veins reestablish 
adequate venous circulation In m}^ case the urea nitrogen content of 
the blood was 35 mg and the creatinine content 2 9 mg per bundled 
cubic centimeters The kidneys weighed 260 and 300 Gm and showed 
marked congestion, which was probably the cause of the slight nitrogen 
retention 

In view of the fact that malignant tumors of the adrenal glands, 
kidneys, testicles and liver with tumor thrombosis of the inferior vena 
cava and/or right auricle may present the end picture of edema, ascites, 
shortness of breath and enlargement of the Iner, is theie any means 
by which one ma} differentiate piimary carcinoma of the livei with 
thrombosis of the vena cava from these other conditions? I believe 
that this is possible Although Simpson ® has show n that of the four 
common causes of tumor thrombosis of the infeiioi \ena cava carcinoma 
of the liver ranks third (it foimed only 10 per cent of his senes), it 
seems likely that careful attention to the details of development of 
symptoms may make it possible to differentiate primary carcinoma of 
the liver wuth tumor thiombosis of the vena ca\a from the other con- 
ditions causing tumor thrombosis of the vena cava It is unlikely that 
tumors of the testicles producing thrombosis of the vena cava wall 
present any problem, because of the ease wath which these organs may 
be examined 

Table 1 reveals that except in case 4, m w^hich the patient had been 
ill for months, probably as a result of the cirrhosis, swelling of the 
lower extremities w'as invariably the first or among the first symptoms 
noted In Simpson’s review,® edema of the low^er exti emities w^as noted 
as the initial symptom m only 5 of 32 cases of thrombosis of the vena 
cava from renal malignant tumor, m none of 13 cases of malignant 
tumors of the testis wuth thiombosis of the vena cava and in none of 
the cases of malignant tumors of the adrenal glands or pancreas pro- 
ducing obstruction of the vena cava On the other hand, edema of 
the lower extremities w’^as the first S 3 'mptom in all 6 cases of carcinoma 
of the liver on which clinical data were recorded by Simpson 
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Numeious authors, including Simpson® Winternitz,^^*' Fabyan^°° 
Bejan and Cohn,^^^ Cole and Judd and Scholl,^® have called attention 
to the mildness oi absence of circulatory disturbance m the lower 
extremities with maiked obstruction of the vena cava Judd and Scholl 
leported 3 cases of malignant tumors of the kidney filling the entire 
inferior vena cava, with no edema Likewise, Woodiufif and Levine^' 
leported a case of hypernephroid caicinoma of the kidney with tumor 
thrombosis of the entire vena cava and of the light auricle m which 
the disease lan its entire couise without any edema of the lower 
extremities There was, however, 1,500 cc of fluid in the abdomen at 
postmortem examination 

In none of the lepoited cases of piimary carcinoma of the liver with 
thrombosis of the vena cava has the patient failed to show edema of 
the lower extremities As has been noted, this was almost uniformly 
the first symptom or sign which developed I believe the explanation for 
this phenomenon lies in the disturbance of one of the mam collateral 
systems when thrombosis of the vena cava results from primary 
carcinoma of the livei 

Simpson,® among others, has pointed out that renal function does 
not suffer as a result of occlusion of the vena cava above the renal 
veins Although it is difficult to prove, it seems likely that edema and 
ascites, particularly the latter, do not develop until the thi ombus reaches 
the level of the hepatic veins 

If this IS true, it is easy to understand why edema of the lower 
limbs IS so constantly obseived as the first manifestation of thrombosis 
of the vena cava from primary carcinoma of the liver The circulation 
may be obstructed by thrombosis of the hepatic veins, which is wide- 
spread in carcinoma of the liver, and the patient may not show edema 
early, as is usually the case in ciirhosis with poital obstiuction Like- 
wise, as has been pointed out, the inferior vena cava anywheie below 
the hepatic veins may be thrombosed without producing edema It 
appears likely that the poital system offers one of the means of collateral 
return If, howevei, the hepatic veins aie already occluded, or partly 
so, by tumor thrombosis, the thrombosis of the vena cava developing 
from this would more easily produce edema as a result of the portal 
system’s failure to act as a collateial 

SUMMARY 

The literature on primary carcinoma of the liver with respect to 
tumor thiombosis of the inferior vena cava and the right auricle is 
reviewed The 7 cases previously reported by Simpson, 4 additional 

17 Woodruff, L W, and Levine, V pernephroid Carcinoma of th» 
K dney, JAMA 106 1544 (Alay 2) 1936 
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cases found in the literature and a case of my own, reported here, have 
been studied particularly from the standpoint of the differentiation of 
primary carcinoma of the liver with thrombosis of the inferior vena 
cava and right auricle from tumor thrombosis of the inferior vena cava 
associated with malignant neoplasms of the kidneys, adrenal glands, 
testicles or pancreas 

CONCLUSIONS 

Tumor thiombosis of the inferior vena cava and/or right auricle 
is a rare complication of primary carcinoma of the liver It occurred 
m 5, or 2 1 pel cent, of 234 cases 

Dilatation of the superficial veins of the abdomen or thorax occurred 
in approximately 50 per cent of cases of primary carcinoma of the liver 
with tumor thrombosis of the inferior vena cava 

The extreme pain in the lumbar portion of the back which was 
obsen’^ed in my patient and was also noted by Pleasants may possibly 
be explained by the marked passive congestion of the kidneys (weight, 
260 and 300 Gm ) 

Edema of the lower extremities was the first or among the first 
symptoms or signs noted in 11 of 12 cases of thrombosis of the vena 
cava from primary carcinoma of the liver which I studied In Simpson’s 
it occurred as an initial symptom m only 5 of 32 cases of renal malig- 
nant tumor, in none of 13 cases of malignant tumor of the testis and 
in none of the cases of malignant tumors of the adrenal glands or 
pancreas associated with tumor thrombosis of the inferior vena cava 
Marked invasion of the hepatic veins with tumor thrombus interferes 
with, if it does not actually prevent action of, the portal circulation as an 
important collateral return from the lower part of the body when the 
inferior vena cava becomes occluded with tumor This is offered as an 
explanation for the almost uniform occurrence of edema of the lower 
extremities as an initial symptom of primary carcinoma of the liver with 
tumor thrombosis of the inferior vena cava This is m contrast to the 
extremely low incidence of edema of the extiemities as an initial symp- 
tom of other malignant growths associated with tumor thrombosis of 
the inferior vena cava 

Edema of the lower extremities as an initial symptom not associated 
with shortness of breath or increased venous pressure but associated 
with a large liver is suggestive evidence of primary carcinoma of the 
liver with tumor thrombosis of the infeiior vena cava 

The occurrence of orthopnea, marked increase in the venous pressure, 
sudden increase in edema of the extremities and the scrotum and sudden 
increase m the size and tenderness of the liver in a patient who presents 
reasonable evidence of tumor thrombosis of the inferior vena cava 
should be interpreted as good evidence that a tumor thiombus has 
formed in the right auricle 
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The ability of the thiocyanates to lower the blood pressure was 
observed as early as 1903- by Pauli,^ but the drugs were not introduced 
in the treatment of hypertension until 1924, by Westphal - Their use 
has been limited, however, because of the toxic effects frequently pro- 
duced In 1932 Goldring and Chasis ^ reported the toxic symptoms 
which occurred in 13 of 50 patients treated for hypertension with thio- 
cyanate These symptoms consisted of muscular fatigue, nausea and 
vomiting, mental confusion, hallucinations and motor aphasia They 
also reported 2 deaths, preceded by delirium, convulsive twitchings and 
coma They pointed out that some persons show a distinct susceptibility 
to the drug 

In 1926 Takacs ^ reported the first case of dermatitis due to thio- 
cyanate This was a papular eruption which occurred after the inges- 
tion of 1 Gm of potassium thiocyanate daily for nine days Since that 
time there have been reported numerous cases of mild maculopapular 
cutaneous eruptions due to the thiocyanates Gager reported 2 cases, 

Studies and contributions from the Department of Internal Medicine, service 
of Dr Cyrus C Sturgis, and the Department of Dermatology and Syphilology, 
service of Dr Udo J Wile, University of Michigan Medical School 

1 Pauli, W Ueber lonenwirkungen und ihre therapeutische Verwendung, 
Munchen med Wchnschr 50 153-157 (Jan 27) 1903 

2 Westphal K Untersuchungen zur Frage der Entstehungsbedingungen 
des genuinen arteriellen Hochdruckes I Die paradoxe Gefassreaktion auf 
Abschnurung bei arterielle Hochdruck, Ztschr f klin Med 101 545-557, 1925 

3 Goldring, W , and Chasis, H Thiocyanate Therapy in Hypertension 
I Observations on Its Toxic Effects, Arch Int Med 49 321-329 (Feb ) 1932 

4 Takacs, L Versuche mit Rhodansalzen I Einfluss des Rhodan auf 
Magensekretion, weisse Blutkorperchen, Pulsschlag und Blutdruck, Ztschr f d 
ges exper Med 50 432-439, 1926 

5 Gager, L T The Incidence and Management of Hypertension, with a 
Note on Sulfocyanate Therapy, J A M A 90 82-86 (Jan 14) 1928 
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Goldrmg and Chasis ® noted a case and Boi g “ also mentioned 1 In 
1937 Baker and Biunsting" stated that they had observed seveial cases 
of these mild cutaneous reactions Barker ® stated that m ten years’ 
experience with this group of drugs, he had observed no sevei e cutaneous 
reactions but had noted seveial cases of mild dermatitis 

Thiocyanates have been used at the Univeisity of Michigan Hospital 
for about thiee years in selected cases of essential hypertension During 
this time a mild, nondesci ipt, erythematous dei matitis has been observed 
m 4 or 5 patients receiving the drug These patients have not presented 
other toxic symptoms, and the eruptions have promptly subsided on 
discontinuance of the drug 

Regarding the more sevei e cutaneous leactions, reports of only 5 
cases are found in the hteratuic Logefeil ° repoited 2 cases, m which 
a diy, scaly, pi untie deimatitis de\ eloped on the entire body, associated 
with fever and model ate prostration In 1929 Weis and Ruedemann 
desciibed a generalized er 3 'thematous deimatitis which appeared on 
the tenth day of administration, 2 7 Gm liaMiig been ingested The 
eruption reached its height m four days and became exfoliative Later, 
small doses of thiocyanate were again given, and a similar eruption 
developed Ayman observed a case of generah/ed maculopapular 
dermatitis which developed on the eighth day of medication, after 
4 8 Gm of potassium thiocyanate had been taken The eruption was 
associated with weakness, abdominal cramps and a tempeiature of 
99 5 F In 1937 Baker and Brunsting ‘ reported a case of severe 
dermatitis This acute generalized papulourticai lal eiuption was asso- 
ciated with conjunctivitis, phaiyngitis, elevation of the temperature and 
lowering of the blood piessuie No concomitant blood cyanate deter- 
minations were leported in any of these cases 

6 Borg, J F Experiences m the Use of tlie Sulfocyanates, Minnesota Alcd 
13 293-296 (May) 1930 

7 Baker, 1 W , and Brunsting, L A Dermatitis Medicamentosa Resulting 
from the Administration of Sulfocjanates in the Treatment of Hjpertension, J A 
M A 108 549-550 (Feb 13) 1937 

8 Barker, M H Personal communication to the authors 

9 Logefeil, R C Obseivations on the Use of Potassium Sulfocyanate 
(Rhodan) in the Treatment of Essential Hypertension, Minnesota Med 12 151-159 
(March) 1929 

10 Weis, C R, and Ruedemann, R Exfoliative Dermatitis from Potassium 
Sulphocyanate Therapy, J A M A 93 988 (Sept 28) 1929 

11 Ayman, D Exfoliative Dermatitis from Potassium Thiocyanate, J A 
M A 93 1671 (Nov 23) 1929 
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Recently Barker developed a practical method of performing blood 
thiocyanate determinations by modifying Schreiber’s technic He 
observed that the optimum therapeutic level is 8 to 12 mg pei hundred 
cubic centimeteis of blood and that significant toxicity begins to appear 
at levels of 15 to 30 mg He noticed that the amount of drug necessary 
to produce a given level m the blood varies widely m different indi- 
viduals but that if the blood concentration is studied the dosage can 
usually be regulated so as to reduce the blood pressure without pio- 
ducing toxic symptoms 

The case which we wish to present is of special interest because, 
first, the dermatitis was of the unusual severe urticarial type associated 
with marked constitutional symptoms, second, the eruption developed 
while the patient was in the hospital, so that daily observations and 
study were possible throughout the couise of the reaction, and, third, 
blood thiocyanate determinations were obtained 

REPORT OF CASE 

C W, a physician aged 41, enteied the hospital on July 18, 1938 He was 
known to have had hypertension for five years, and since January 1937 his blood 
pressure had averaged 2C0 to 210 systolic and 120 to 130 diastolic In May 1938 
he noticed blurring of vision in the right eye He gave a history of urticaria in 
childhood, attacks of migraine in early adult life and also symptoms of peptic 
ulcer, which were controlled by a dietary regimen He stated that both he and 
his father were “sensitive” to acetylsalicylic acid 

Physical examination revealed a well developed, moderately overweight, middle- 
aged man Ophthalmoscopic examination showed slight edema of both disks and 
many small discrete areas of exudation The right fundus presented evidence of 
inactive central chorioretinitis The retinal vessels were spastic but not sclerotic 
Examination of the heart showed the apex beat to be 12 5 cm to the left of the 
midsternal line in the fourth intercostal space The heart sounds were of good 
quality An occasional extrasystole was present, and the aortic second sound was 
accentuated A gallop rhythm was noted at the apex The blood pressure 
was 230 systolic and 160 diastolic The pulmonary fields were clear The edge 
of the liver was just palpable on deep inspiration There was no edema The 
pupillary and tendon reflexes were physiologic 

E ectrocardiographic study showed definite left axis deviation, with an inverted 
T wave in all leads, together with notching and slurring of the QRS complex 
The heart was of borderline size by orthodiagraphic and teleroentgenographic 
measurements 

Urinalysis showed a one plus reaction for albumin and one or two finely 
gratiular casts per low power field A urea clearance test showed 80 per cent 
of noimal clearance for the first hour specimen and 71 per cent for the second 

12 Barker, M H The Blood Cyanates in the Treatment of Hypertension, 
JAMA 106 762-767 (March 7) 1936 

13 Schreiber, H Ueber den Rhodangehalt in menschlichen Blutserum, Bio- 
chem Ztschr 163 241-251, 1925 
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hour The urine was concentrated to a specific gravity of 1 021, according to the 
Newburgh-Lashmet concentration test 

The nonprotein nitrogen content of the blood was 33 S mg per hundred cubic 
centimeters The Kahn test of the blood gave a negative reaction The hemoglobin 
value was 95 per cent (Sahli), and the red blood cell count was 5,200,000 per 
cubic millimeter The total white blood cell count was 6,650 per cubic millimeter, 
with a differential count showing 71 per cent neutrophils, 3 per cent eosinophils, 
13 per cent lymphocytes and 5 per cent monocytes 

The diagnosis was essential hypertension and hj'pertensive heart disease, with 
hypertensive neuroretinitis and right inactne chorioretinitis 

A period of medical management was advised The patient was placed at 
rest in bed and given 0 032 Gm of phenobarbital four times daily On July 22 



Fig 1 — Correlation of the clinical course of the reaction with the concentration 
of thiocyanate in the blood 


thiocyanate therapy was instituted This consisted of 0 32 Gm of potassium thio- 
cyanate given in a peppermint water vehicle twice daily The blood pressure had 
been 196 systolic and 144 diastolic for four dajs when the thioc 3 'anate treatment 
was started On Jul}"^ 26 the blood pressure was 160 systolic and 130 diastolic 
The patient had then received only 2 6 Gm of potassium thiocvanate, and the 
cyanate concentration of the blood was 3 7 mg per hundred cubic centimeters 

On the morning of July 29, the eighth day of thiocyanate therapy, after 4 55 Gm 
of the drug had been ingested, a pruritic eruption of the skin appeared It was 

14 Lashmet, F H, and Newburgh, L H An Improved Concentration Test 
of Renal Function, J A M A 99 1396-1398 (Oct 22) 1932 
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confined to the posterior aspect of the body and consisted of numerous small 
erythematous maculopapules arranged m groups over the upper part of the arms 
and back, together with many small erythematous follicular papules over the 
buttocks and thighs The following morning, July 30, the blood thiocyanate con- 
centration was 5 7 mg per hundred cubic centimeters By afternoon the eruption 
had become much more severe and extensive Large urticarial wheals appeared 



Fig 2 — Thiocyanate dermatitis, the appearance on the eighth day of the 
eruption 

over the trunk, arms and lower part of the legs The buttocks and thighs were 
covered with a brightly erythematous maculopapular exanthem The cutaneous 
lesions were intensely pruritic and remained so throughout their course The 
temperature was 100 2 F, and the conjunctivas were injected Treatment with 
both phenobarbital and thiocyanate was discontinued, the patient having received 
a total of 6 17 Gm of the latter 
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The cutaneous lesions became still more severe, leaching their height on the 
fourth day after their appearance The face was markedly flushed, the eyelids 
were edematous and conjunctivitis with lacrimation was present There was some 
obstruction to breathing, due to nasal congestion The patient complained of sore 
throat, became hoarse and had an irritative cough productive of small amounts 
of clear mucoid sputum Examination of the nose and throat showed the mucous 
membrane to be pale and edematous There was a feeling of tightness in the 
chest, with occasional bilateral pleuritic pain Asthmatic attacks occurred several 
times Anorexia was present together with annoying dysphagia Burning on 
urination, headaches and generalized muscular aches added to the patient’s dis- 
comfort He was extremelj' weak The systemic symptoms persisted throughout 
the course of the illness The temperature was elevated to 99 2 to 100 8 F daily 
until the eighteenth day of the eruption The blood pressure dropped and remained 
at an average level of 150 systolic and 110 diastolic The thiocyanate concentra- 
tion of the blood fell slowly A correlation of the clinical course of the reaction 
and tlie blood cyanate concentration is represented in figure 1 

The large urticarial lesions persisted for about a week They then gradually 
became less erythematous, and their infiltration subsided The appearance of the 
patient on the eighth day of the eruption is shown in the accompanying photograph 
(fig 2) A rather pronounced, dull crj'thema persisted for a considerable time, 
similar to that seen in a fixed eruption 'Exfoliation occurred after about two 
weeks This was generalized over the body but consisted simply of shedding of 
the superficial epithelium over the individual lesions Pigmentation and scaling 
were still present after three weeks The patient’s strength returned slowly, and 
he was still weak at the time of discharge, on August 19 

The patient was treated with bland lotions and cool spongings The taking 
of fluids was encouraged Nose drops containing ephedrme sulfate relieved the 
nasal congestion, and epinephrine hydrochloride given hypodermically contiolled 
the asthmatic attacks Codeine phosphate seemed to increase the pruritus On 
August 8 the use of phenobarbital was resumed (0 032 Gm four times daily ) and 
was continued until the time of discharge without incident 

Repeated urinalyses revealed essentially the same findings as at the time of 
admission A few granular casts persisted, but no hematuria occurred On August 
2, the fifth day of the eruption, the while blood cell count was 10,000 per cubic 
millimeter, and the differential count showed only 4 per cent eosinophils How- 
ever, on August 13, when the eruption was subsiding, the total white blood cell 
count was 11,700, with 40 per cent neutrophils, 18 per cent lymphocytes, 3 per cent 
monocy^tes and 32 per cent eosinophils 

COMMENT 

We believe that there is no reasonable doubt that in this case the 
eruption was produced by thiocyanate It did not lesemble the usual 
type of phenobarbital dermatitis, and the patient later lesuined the use 
of that drug, with no recurience of the eruption 

The symptoms associated with this severe cutaneous leaction sug- 
gested that a generalized enanthem also occuried As the reaction 
occurred at a blood concentration of thiocyanate well below that at 
which toxic symptoms occur in the average person, we are inclined to 
consider that the entire leaction was due to idiosyncrasy to the diug. 
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The patient’s history, the urticarial character of the lesions, the pale 
edematous appearance of the nasal mucous membrane and the marked 
eosinophiha which developed are other points which indicate that the 
reaction was allergic in nature 

We wish to point out that a satisfactory fall m blood pressuie 
occurred on the fifth day of thiocyanate therapy, when the concentra- 
tion of thiocyanate m the blood was only 3 7 mg per hundred cubic 
centimeters This was an unusual effect with a blood level as low 
as that, and we believe that it indicated hypei sensitivity of the vascular 
system also to the drug If this unusual early drop in blood pressure 
had been interpreted as a danger signal, the severe reaction which fol- 
lowed might have been aveited This emphasizes the importance of 
careful daily determinations of the blood pressure as well as simultaneous 
studies of the thiocyanate level of the blood of patients receiving 
thiocyanate 

This case also emphasizes the point that thiocyanate should be given 
with caution to patients with a history of allergy and that its use should 
be discontinued immediately on the first appearance of any erythematous 
maculopapular eruption 

SUMMARY 

A case of the severe urticarial type of dermatitis medicamentosa 
due to potassium thiocyanate has been presented The clinical course 
of the reaction has been correlated with blood thiocyanate determina- 
tions There was evidence which indicated that the reaction was allergic 
m nature and that the entire vascular system was involved 
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RcroRT or rwo cases 
CURTIS F GARVIN, MD 
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Pneumonia due to the asiDiiation ol oih pieparations into the lungs 
was fill St desciibed LaughleiU in 1925 Subsequently other reports 
have appeared, so that in 1936 IKcda - was able to collect 24 references 
to this condition 

Lipoid pneumonia usually occuis in debilitated infants or children, 
although its occuirence in adults has been described In the majority 
of instances the patient sufTeis from some condition wdnch makes occa- 
sional ampliation of materials ficm the phannx practicall)'- inevitable 
The substances wdiich cause the tiouble most frequently are nose drops 
and laxatives containing petrolatum Cod liver oil, milk, and cream 
are responsible occasionally 

Lipoid pneumonia occurring in infants or childien is referred to as 
the infantile type of the disease In adults the pneumonia sometimes 
develops slowdy over a period of jeais and forms a localised dense 
fibious area This is knowm as lipoid pneumonia of the adult type In 
the majority of the cases, how'cver, hpoid pneumonia in adults is of the 
infantile type 

Clinically, patients w'lth hpoid pneumonia show' the signs and symp- 
toms of low' giade pneumonia, w'lth periodic exacerbations due to secon- 
dar}' infection In cases of the adult type m w’hich the pneumonia 
develops slow'ly to foim a well ciicuinscnbed fibrotic area the disease 
may imitate chronic gianuloinatous pneumonia or tumor 

Roentgen examination shows areas of increased densitj, w'hich in 
cases of extensive involvement show' a tendency to affect both lungs, 
the right lung predoinmantl}' in the low'er thud of the upper lobe and the 
apex of the low'er lobe, and the left lung in the middle third of the upper 
lobe and the apex of the low'cr lobe ■* In cases of chronic involvement 

From the Department of Medicine, the Cleveland City Hospital, and the 
Western Reserve University School of Medicine 

1 Laughlen, G F Studies on Pneumonia Followung Nasophaiyngeal Injec- 
tions of Oil, Am J Path 1 407, 1925 

2 Ikeda, K Lipoid Pneumonia of the Adult Type (Paraffinoma of the 
Lung) Report of Five Cases, Arch Path 23 470 (April) 1937 

3 Reichle, H S Bronchiogenic Distribution of Fluid and Particulate Matter 
Its Site of Predilection and Mechanism of Transfer, Arch Path 25 811 (June) 
1938 
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in adults the differentiation roentgenologically of this condition from 
neoplasm or unresolved pneumonia may be difficult 

At autopsy the lungs in the infantile type of hpoid pneumonia show 
evidence of reaction of the tissues to a foreign body plus the results of 
secondary invasion of bacteria Grossly the consolidated lung tissue is a 
peculiar grayish yellow, and a cloudy, milky fluid containing minute oily 
droplets can be expressed from it Microscopically the alveoli are filled 
with macrophages containing lipoids Giant cells, more or less vacuo- 
lated, and lymphocytes are present The septums show edema, fibrosis, 
infiltration by lymphocytes and spaces filled with lipoids The adult type 
is considered to be fundamentally the same as the infantile type except 
that it IS a late stage, being localized and densely fibrous 

The prognosis of the condition is usually poor, more because of the 
associated disease than because of the lipoid pneumonia itself 

Alost of the patients with hpoid pneumonia encountered at the Cleve- 
land City Hospital have been infants In the past six months, however, 
2 cases of lipoid pneumonia in adults have been observed clinically and 
at autopsy 

REPORT OF CASES 

Case 1 — H K , a white woman aged 73, who entered the Cleveland City Hos- 
pital Oct 18, 1938, had been in good health until September 15, since which time 
she had had a cough productive of small amounts of greenish white sputum 
Dyspnea and a feeling of tightness in the chest were also present The patient had 
allowed oily salve to “trickle down her throat,” but she had not improved A film of 
the chest taken October 13 showed moderately dense, coarse streaky mottling m the 
lower medial portion of the right lung field This was interpreted as being due to 
a pneumonic process The course subsequently was unfavorable, and the patient 
entered the hospital five days later 

Examination showed her to be dyspneic, cyanotic and acutely ill There was 
evidence of severe chronic pulmonary emphysema Coarse, raucous rales and 
wheezes were heard over both lungs The temperature rose from 37 to 40 C (98 6 to 
104 F ), pulmonary edema developed, and the patient died in thirty-six hours 

Autopsy was done three hours after death The lungs showed marked emphy- 
sema and chronic bronchitis In the middle lobe of the right lung, near the hilus, 
there was an area of infiltration measuring 6 5 by 6 5 by 5 cm This was sharply 
demarcated, granular and of a peculiar grayish yellow The pulmonary lymph 
nodes were normal 

Microscopic examination of the area of consolidation showed numerous large 
vacuolated mononuclear cells in the alveoli and to a lesser degree in the septums 
A few giant cells were present Interspersed through the area were collections of 
lymphocytes and polymorphonuclear cells The alveolar walls were thickened The 
scarlet red stain showed fat in the vacuolated cells In addition, there was some 
fat free in the alveoli and septums 

The only other important pathologic observations were acute pneumococcic 
ethmoiditis and sphenoidal sinusitis 

Case 2 — G C , a white man aged 66, who entered the Cleveland City Hospital 
Nov 10, 1938, had a carcinoma of the esophagus A Janeway gastrostomy was 
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done on November 25, and the patient had an uneventful convalescence, oral feed- 
ings being resumed on the second postoperative day Roentgen therapy was started 
December 20, a daily dose of 300 r being administered to both sides of the chest 
wall anteriorly and posteriorly The patient’s general condition at this time was 
good He had moderate difficultv in swallowing, but oral feeding still seemed 
feasible His food consisted of a soft diet, with liberal amounts of milk and 
cream, and he received in addition 30 cc of an emulsion of liquid petrolatum and 
agar (plain petrolagar) twice a day and 4 cc of cod liver oil three times a day 
On Jan 1, 1939, fever and symptoms referable to the respiratory system 
appeared On January 5 a fluoroscopic and roentgen study of the chest showed 
streaked mottling extending outward from the hilus of the left lung It was 
thought that the patient had bronchopneumonia and probably mediastinitis 

Subsequently the patient was weak and lethargic and coughed considerably 
The temperature varied between 38 and 39 5 C ( 100 4 to 103 IF) Roentgen 
therapy was discontinued January 23, a total of 2,100 r having been given to 
each of the four portals The patient’s condition, howe\ er, remained unchanged 
On the morning of February 2 his condition, although poor, was virtually as it 
had been for the previous month except that he was expectorating small amounts 
of dark blood Two hours later a large amount of blood suddcnlj" welled out of 
his mouth and nose, and he died almost at once 

Postmortem examination, done seven hours after death, showed a tumor invoh- 
ing the esophagus at the level of the bifurcation of the trachea The tumor had 
eroded into the aorta, there being a fistula between the esophagus and the aorta 
There were large amounts of blood in the trachea, the stomach and the upper 
part of the small intestine 

The upper half of the lower lobe of the left lung was consolidated The cut 
surface was smooth, firm and pale jellowish gray The remaining portions of the 
lungs showed no significant abnormalities There yas no fistula between the 
esophagus and the trachea or bronchi The pulmonary lymph nodes were normal 
Microscopic examination of the area of pneumonia in the upper portion of the 
lower lobe of the left lung showed the lung to be practically airless The alveoli 
contained many vacuolated phagocytic cells in addition to moderate numbers of 
lymphocytes and polymorphonuclear cells A few vacuolated multinucleated for- 
eign body giant cells were present In a few areas there was early organization 
of the exudate The alveolar vails were thickened and in some areas contained 
fibroblasts in addition to cells similar to those found in the aheoh 

The scarlet red stain showed large amounts of free and phagocytosed fat in the 
alveoli and interstitial tissue 

COMMENT 

In cases of lipoid pneumonia oil usuall}'^ enters the lungs because of 
some serious disease which makes aspiration of material from the 
pharynx practically unavoidable In case 1, however, there was no such 
explanation, oil having enteied the lungs because of the patient’s habit 
of intentionally letting oily salve trickle dowm her throat The hazard of 
such a pioceduie is shown by the fact that the clinical couise and patho- 
logic obseivations indicate that the lipoid pneumonia was an important 
factor in the patient’s death 

The hpoid pneumonia m this case was of the infantile type, and 
from the clinical standpoint it is known that the pneumonia must have 
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been of recent origin, because the use of oil did not extend over a period 
of more than one month before death occurred That early hpoid 
pneumonia in the adult is indistinguishable from the infantile type has 
been emphasized by Ikeda ^ The area of pneumonia becomes hbi otic 
and localized to form a tumor-like mass only with the passage of time 
In this case, however, the patient died before such changes could occur 

The second case is less unusual in regard to the manner in which 
oil entered the lungs It seems probable that dysphagia incident to 
the carcinoma of the esophagus resulted m aspiiation into the lungs of 
material intended to pass down the esophagus The material no doubt 
entered the lungs by way of the larynx, because autopsy revealed no 
fistula between the esophagus and the trachea or bionchi The exact 
etiologic agent in this case is not clear, since the patient received several 
oily substances which might have been responsible The exposure 
lasted about two months, and from a pathologic standpoint the 
case affords further evidence that hpoid pneumonia m its early stages 
m the adult is fundamentally the same as the infantile type The early 
organization of the exudate indicates, however, that the pneumonia in 
this case was approaching an intermediate stage between the infantile 
and the adult type 

SUMMARY 

Two cases of hpoid pneumonia in adults indicate the hazard of 
introduction of oily materials into the pharynx under conditions m which 
aspiration of the material may occur In 1 instance oil entered the lungs 
owing to the patient's habit of letting oily salve trickle down her throat, 
and in the other case oil entered the lungs as a result of dysphagia due to 
esophageal obstruction The cases also illustrate that the early stages of 
hpoid pneumonia m the adult are indistinguishable pathologically from 
the infantile type of the disease 
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A REVIEW OF SOME OF THE RECENT LITERATURE 
By Dr Scum am and Dk Van Deilen 

Many reports of acadeinic and practical value ha\e been published 
during the past year We have endeavored, as far as possible, to include 
for consideration only those articles vhich contributed new information 
or those which seemed of importance because they supplemented or 
confirmed present beliefs An attempt was also made to evaluate certain 
controvei sial data reported on related subjects by various authors Con- 
siderable space has been devoted to hjpertcnsion because of the increas- 
ing interest in it shown by the numerous contributions on this subject 

PIIYSIOLOGy 

Grant and Holhng ^ made additional studies on the differences 
between the vascular responses of the proximal and the distal parts of 
the human limbs Recent observations have revealed that while vann- 
ing of the body provokes a laige incicase in blood flow and cutaneous 
temperatuie in the hands and feet, it causes no moie than a slight rise 
111 blood flow and cutaneous temperatuie in the proximal parts of the 
extremities Neither flushing nor waiming of the skin of the proximal 
portion occurs if the ciiculation to the extiemity has been arrested 

From tlie Department of Medicine of Northwestern UmversiU Medical 
School, the Department of Surger}’ of the University of Illinois College of 
Medicine and the Circulatory Group of St Luke’s Hospital 

1 Grant, R T , and Holhng, H E Further Observations of the Avascular 
Responses of the Human Limb to Body AA^armmg Evidence for Sympathetic 
A^asodilator Nerves in the Normal Subject, Clm Sc 3 273, 1938 
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This variation has been explained as being due to the diffeiences in the 
distribution of the arteiiovenous anastomoses The peisons tested \\ere 
subjected to strong warming of the body, accomplished by immersing 
two or three extremities in water maintained at 45 to 46 C with all 
portions of the body completely covered except the face and the limb 
under observation Blood flow and cutaneous temperature were mea- 
sured by methods previously described It was found that nhen wann- 
ing of the body was pushed to excess in this manner vasodilatation 
developed in the proximal areas of the extremities Observations were 
made on seveial patients befoie and after sympathetic ganglionectomy 
and on several subjects following nerve block Following surgical 
operations the blood flow was increased but soon diminished so that it 
returned almost to the pieoperative level within a week Strongly 
warming the body at this time failed to provoke the vasodilatation 
observed before operation Similar responses weie noted over the 
anesthetized skin of the arm and leg after nerve block The authors 
expressed the opinion that these observations demonstrated that the 
vasodilatation provoked in the arm and leg by heating the body was 
dependent on the integrity of the sympathetic neives, as was aheady 
demonstiated for the hand and foot The lesults obtained from these 
and previous observations were interpreted as indicating two means of 
defense against rise m body tempeiatme The first is brought into 
action by relatively gentle heating and consists chiefly of dilatation of 
the arteriovenous anastomoses in the extremities through inhibition of 
vasoconstrictor tone The second occurs when the heating is more 
intense and consists mainly m general dilatation of the cutaneous vessels 
associated with sweating The vasodilatation produced in the proximal 
part of the extiemity was brought about by stimulation of cutaneous 
sympathetic neives 

Fatheree and Allen, ^ while investigating the mechanism of indirect 
vasodilatation, coiioborated the existing views on this subject They 
demonstiated that mdiiect vasodilatation induced by wanning an 
extremity depended on the return of blood from the wanned extremity 
to the general circulation In addition it was shown that the occurrence 
of indirect vasodilatation in a digit depended on the integrity of its 
sympathetic neive supply They weie able to present evidence demon- 
strating the piesence of -vasodilator nerves m the longer extiemities in 2 
cases of Raynaud’s disease Keeping the feet in a cool environment, 
the} show^ed that a regional neive block of the lovver extremity pre- 
vented induction of mdiiect vasodilatation by heat m the anesthetized 

2 Fatheree, T J, and Allen, E V Sympathetic Vasodilator Fibers in the 
Upper and Lower Extremities Obser\ations Concerning the Mechanism of 
Indirect Vasodilation Induced by Heat, Arch Int Med 62 1015 (Dec) 1938 
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areas while vasodilatation was occurring m the unanesthetized areas of 
llie same foot They were unable to demonstiate the presence of sympa- 
thetic vasodilator fibers in normal peisons by this method 

Atlas ^ studied the cutaneous tempeiature of a patient who had a 
complete traumatic division of the peiiphcral nerves to the left arm 
lie noted that the i espouse in cutaneous temperature was similar to 
that seen after cervicothoracic sympathetic ganghonectomy when the 
postganglionic fibers vere sectioned He was able to demonstrate the 
phenomenon of increased sensitivity of the blood vessels to epinephrine 
as a cause of vasoconstriction He suggested this as the possible 
explanation of the vasomotor and nutritional changes in denervated 
tissue Grant and Holhng/ in a study of a similai case, in which the 
right external popliteal nerve was accidentally severed, were unable to 
induce indirect vasodilatation in the extremity in a cool environment 
The best explanation for this phenomenon was thought to be furnished 
by the destiuction of the vasodilator fibers Theie is an increasing 
tendency to regai d this explanation as correct 

Wells, Youmans and Millei ‘ measured pressure in the muscle as well 
as in the superficial tissue They confined then studies chiefly to obser- 
vations on normal subjects The tissues of the leg were chosen because 
of the failure of edema to develop in the legs of normal persons on pro- 
longed quiet standing They noted that the pressure m the leg muscles 
which were tightly covered with fascia rose to 50 cm of water or higher 
during prolonged venous congestion They expressed the belief that 
pressures of this magnitude piobably were sufficient to stop filtration 
into these muscles dunng quiet standing In muscles loosely covered, 
such as the gastiocnemius, the pressure did not use above 20 cm of 
water dunng congestion They showed that the intramuscular pressure 
was affected independently by several factors, of which the most impoi- 
tant weie the lightness of the fascia, the amount of intravascular and 
extravascular fluid piescnt and the components of contractile foice of 
the muscle Maximal voluntaiy conti actions of vaiious muscles elevated 
intramuscular pressuie to values ranging from 10 to IIS cm of water 
As such pressures in most muscles are lovei than the level of diastolic 
arterial pressuie, blood flow through these muscles cannot be stopped 
during ordinal y conti actions The leg volume continued to increase 
indefinitely dunng quiet standing In each case the latio of the final 

3 Atlas, L N The Etiolog}' of Vasomotor and Nutritional Changes Fol- 
lowing Peripheral Nerve Section, Surgery 4 718, 1938 

4 Wells, H S , Youmans, J B , and Miller, D G , Tr Tissue Pressure 
(Intracutaneous, Subcutaneous, and Intramuscular) as Related to Venous Pres- 
sure, Capillary Filtration, and Other Factors, J Chn Investigation 17 489, 
(July) 1938 
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rate of filtration to the initial rate %vas of the magnitude to be cKpccled 
on the assumption that filtration ceases in muscles under high pressuie 
but continues indefinitely m the skin and gastrocnemius, the low pres- 
sure filtering areas They did not assume that fluid left the leg thiough 
lymphatics duiing quiet standing 

Sodeman and Burch ° described a simple and accurate method for 
measuring the distensibility of skin Horizontal stretching of the skin 
of a limb after the limb has been placed m a standaid position is easily 
accomplished with a small caliper of known calibration The nonnal 
mean values for the pretibial area, the dorsum of the foot, the midline 
of the abdomen below the umbilicus, the volar suiface of the foiearm 
and the dorsum of the hand were found to be 0 31, 0 59, 2 07, 0 93 and 
1 34 mm per cubic millimeter per hundred giams, respectively The 
legional variations disclosed less distensible skin in the lower extremities 

Edema, certain vascular diseases and some dermatoses were found 
to produce changes m the normal distensibility of the skin As edema 
pi ogi esses the distensibility decreases, and with recession of the edema 
the distensibility tends to leturn to a normal range The loss of dis- 
tensibility was found to be an impoitant factoi in limiting the foimation 
of edema In urticaiia, senile atrophy, occupational atrophy, allergic 
eczema and sclerodeima, definite changes m the distensibility of skin 
were obseived which con elated with the clinical state of the patient 

Blood Flozu — The late of blood flow m the normal finger was 
studied by Wilkins, Doupe and Newman ® The method of Hewlett and 
Van Zwaluwennburg was adapted, and measurements weie made on a 
small plethysmograph caiefully fitted to the last two phalanges of the 
finger The late of blood flow to the finger was found to lange from 
0 02 cc per minute per 10 cc when the peiipheral vessels were constiicted 
to 12 cc when they were dilated These figuies showed that the blood 
flow to the 1101 mal fingei may be increased as much as a hundred times 
during vasodilatation induced by warming of the body When the 
vessels are aheady dilated, the flow may be tempoiarily decreased as 
much as twenty times following a vasoconstricting stimulus They 
demonstrated also that the increase m blood flow resulting from local 
heating of the fingei was not as great as that pioduced by waimmg of 
the body The blood flow to the tenninal phalanx was found to be 
gi eater than that to the middle phalanx of the finger when the vessel 
were dilated 

5 Sodeman, W A , and Burch, G E A Direct Method for the Estimation 
of Skin Distensibility with Its Application to the Study of Vascular States, 
J Clin Investigation 17 785 (Nov ) 1938 

6 Wilkins, R W , Doupe, J , and Newman, H W The Rate of Blood 
Flow in Normal Fingers, Clin Sc 3 403 (Dec ) 1938 
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Stead and Kunkel ‘ described a plethysmographic method for mea- 
suring quantitatively the blood flow m the foot With a standard cor- 
rection for the ineitia of the plethysmograph and a bellows system, the 
instrumental erroi was found to be 3 per cent Using this plethysmo- 
graph, they ® studied the blood flow in the normal foot The flow was 
recorded as the cubic centimeters of blood per minute per hundred cubic 
centimeters of tissue Studies were made at 43 C , and the flow at this 
temperature was designated as the maximal flow The average maximal 
flow in thii t3'^-four normal persons was 17 1 cc , with the highest 25 9 cc 
and the lowest 11 1 cc The values were lower foi males than for 
females, the aveiages being 16 3 cc for the foimer and 18 7 cc for the 
latter In the presence of a noimal caidiovascular system the blood 
flow showed no appreciable decrease with age The average difference 
between the maximal flow in the right and that in the left foot was 
1 8 cc Simultaneous readings on one hand and one foot revealed the 
average flow of the hand to be 32 cc and that of the foot 15 7 cc These 
measurements aie indicatne of the considerably smaller reser\e of blood 
in the foot as compaied with that in the hand 

In artenoscleiosis and thromboangiitis obliterans the maximal blood 
flow to the foot was i educed 50 per cent without symptoms or trophic 
disturbances When the flow was reduced to one-third the normal 
value, or to the level of 5 cc oi below, symptoms or trophic disturbances 
usually were present In both arteriosclerosis and thromboangiitis 
obliterans severe inteimittent claudication in the calf was m some 
patients incapacitating, though the blood flow in the foot was as great 
as in many normal persons Thus the presence of an adequate supply 
of blood to the foot did not eliminate the possibility of obliterative 
disease involving the vessels of the calf muscles This is in keeping 
with observations reported last year 

Continuing their studies with the pleth)’’smograph, Kunkel, Stead 
and Weiss ° compared the blood flow and vasomotor reactions of the 
hand and foot with those of the forearm and calf This seemed neces- 
sary because of the wide variations m the proportion of muscle to skin 
in these parts and because of the piesence of numerous arteriovenous 
anastomoses in the skin of the hands and feet Following strong 

7 Stead, E A , and Kunkel, P A Plethysmographic Method for the 
Quantitative Measurement of the Blood Flow in the Foot, J Clin Investigation 
17 711, 1938 

8 Kunkel, P , and Stead, E A Blood Flow and Vasomotor Reactions m 
the Foot in Health, in Arteriosclerosis and m Thromboangiitis Obliterans, J 
Clin Investigation 17 715, 1938 

9 Kunkel, P , Stead, E A, and Weiss, S Blood Flow and Vasomotor 
Reactions in the Hand, Forearm, Foot, and Calf m Response to Physical and 
Chemical Stimuli, J Clin Investigation 18 225 (March) 1939 
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sensory stimulation, the forearm and calf responded in three ways (1) 
by a decrease in volume after a latent period of from three to nine 
seconds, (2) by an inciease in volume after a latent period not exceeding 
two seconds and (3) by a biphasic i espouse — first an increase m volume 
with a shoit latent peiiod, usually not exceeding two seconds, and sub- 
sequently a deciease in volume The authors were of the opinion that 
an active reflex vasoconstiiction took place m cases m which a decrease 
111 volume occuried In cases in which an increase m volume occuiied 
it was believed to be the lesult of a transient increase in cardiac output 
and a passive distention of the vascular bed Numeious vaiiations in 
response weie noted not only in different persons but also in the same 
pel sons The vessels in the uppei extremities were more sensitive than 
those 111 the lower Constrictor responses of the foiearm and calf paral- 
leled the vasoconstnctoi leactions which have been shown to occur 
in the hand and foot following similar sensory stimulation The 
intensity of the leactions had to be greater to produce vasomotor 
responses m the forearm and calf as compared with the hand and foot 
The blood flow was greater in the hand and foot than in the forearm 
and calf when induced by local heat of 43 C Local heat of the same 
degree produced complete vasodilatation in the skin but relatively slight 
dilatation m the underlying muscles, wheieas exercise had the opposite 
effect, pi oducing dilatation in the muscles but not in the skin The lattei 
observation was not influenced by variations in external temperatuie 
Epinephrine, 1 cc of a 1 1 000 solution injected subcutaneously, caused 
a marked decrease in blood flow in the hand and foot and a moderate 
inciease in blood flow m the foramen and calf Pitressin (betahypoph- 
amine), 1 cc injected intramuscularly, caused a decrease in flow in 
the hand and foot, as did epinephrine It also caused a moderate deciease 
m flow in the foreaim and calf Neithei of these drugs interfered with 
the dilatation of the vessels in the muscles in response to exercise or 
induced arterial occlusion 

The standard technic for using the same type of plethysmograph 
was described m detail by Abramson, Zazeela and Marrus Numerous 
mechanical and physical difficulties were mentioned, especially those 
concerned with the position of the lower extremity, the position of the 
cuff, occlusion pressure, air in the apparatus, calibrations and the 
diameter of the glass tube of the recording apparatus In their second 
article vaiious physiologic factors were discussed in relation to the 

10 Abramson, D I , Zazeela, H, and Marrus, J Plethysmographic Studies 
of Peripheral Blood Flow in Man I Criteria for Obtaining Accurate Plethys- 
mographic Data, Am Heart J 17 194 (Feb ) 1939 

11 Abramson, D I , Zazeela, H, and Marrus, J II Physiologic Factors 
Affecting Resting Blood Flow in the Extremities, Am Heart J 17 206 (Feb ) 
1939 
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blood flow Normal values, somewhat lowei than those of Kunkcl and 
Stead, were obtained They found that the hands were more difiieiilt 
to control than the feet, because they were more easily subjected to 
spontaneous vasomotor changes In a number of persons they observed 
a slight drop below the base line in the blood flow of the lower 
extiemities after the lelease of the occlusive pressure This appeared to 
have its origin m a local i eflcx, as it was independent of the amount of 
piessuie used and a paia\ ertebral block failed to abolish it Studies 
weie also made on peisons with various bilateral maladies In a patient 
with increased venous prcssuie in the light aim, the flow in this arm 
was found to be definite!) met eased as compaied with that in the other 
Little diffcience m blood flow' was noticed in the tw'o aims of a peison 
with unilateral h)pei tension Deci cased blood flow' was noted in a 
peison during sleep and in another w'ho went into shock follow'ing an 
injection of "spasmalgin,” a pioprietaiy j^rcparation containing deiiva- 
tnes of ati opine, opium and papaverine 

Using a new' and sensitne photoelccti ic iccording type of jilethys- 
mograph, Mai tin, Marcellus and S)lvOwskM" studied the coincidental 
synchionous lespirator) waves They found them to be of mechanical 
origin and due essentially to the increase in pressuie in the thoracic and 
abdominal vessels with each lespiration The) believed that this pres- 
suie w'as transmitted to the extiemities They noted that the magnitude 
of the waies of lespiiation was dependent on the patenc) of the arterial 
bed, decreasing in si^e with Aasoconstiiction and mci casing with 
Aasodilatation They suggested that changes in this magnitude be 
studied along with those in pulse latc and pulse volume m tl^^j^dlgIts 
This aiticle and otheis on this subject demonstrate the difficultiiJ'b and 
pitfalls of this method of stud) 

The details of the photoelectiic plethysmograph deMsed b) Hertz- 
man W'ere described in last ) ear’s ie\iew In a recent article Hertz- 
man discussed the numeious souices of eiioi involved in the quantitation 
of the cutaneous plethysmogram, especially those beaiing on the problem 
of the blood equivalent and on the quantitative accuiacy of this device 
Eirors occui thiough movements of the skin, thiough the piesence of a 
large artery m the immediate neighborhood of the area observed and 
thiough improper contact of the plethysmograph w'lth the skin Read- 
ings cannot be obtained over the trunk, as the movement of the skin 
over this aiea cannot be controlled The possibility of distant oi deejDcr 
tissues influencing the lecording of the pulse is discussed but is con- 

12 Martin, S J , Marcellus, F S , and Sykowski, P Plethj'sinograpliic 
Studies with Special Reference to Waves of Respiration, J Lab & Clin Med 
24 111, 1938 

13 Hertzman, A B The Blood Supply of Various Skin Areas as Estimated 
by the Photoelectric Plethysmograph, Am J Physiol 124 328 (Nov ) 1938 
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sideied of little significance The importance of a constant source of 
light IS stressed Simultaneous photoelectric and mechanical plethysmo- 
grams of the fingers were compared, and the various vascular responses 
to some of the common procedures were recorded to establish the 
validity of the photoelectric plethysmogiaph The argument was 
advanced and supported by suitable data that with normal circulatoiy 
dynamics and under resting conditions the volume pulse of an area of 
skin was a measure of the richness of the aiterial blood supply of that 
area The finger pad was found to have the most abundant aiteiial sup- 
ply Next in order of frequency were the ear lobe, toe pad, palm of the 
hand, skin of the forehead and face, dorsa of the fingei, hand and foot, 
forearm, knee and tibia Readings were made duiing various seasons, 
and the highest readings were obtained in tbe summer Hertzman was 
unable to demonstrate that the difference m vasomotor reactions in 
various areas depended solely on richness of aiterial supply, as he 
observed a surprising seasonal constancy in pulse volume in the foiehead, 
nose, forearm and dorsa of the hand and foot in contiast to the dilatation 
in warm weather in the finger pad, toe pad and eai 

Mendlowitz studied the blood flow in clubbed fingers on patients 
with diveise pathologic conditions The maximum heat elimination 
was used as an index of blood flow The various responses of the 
blood vessels to changes in environmental temperatures weie found to 
be within normal limits In patients with clubbing of the fingei s 
secondary to pulmonary or to congenital cardiac disease the blood flow 
of the distal phalanges was increased In the same patients pressure 
was increased in the digital but decreased in the brachial-digital arteiies 
In patients with hereditary clubbing these pressures and gradients were 
normal In patients with unilateial clubbing the blood flow of the 
involved finger tips may or may not be increased or decreased In 
these patients no significant change was found in blood pressuie 
gi adients 

SculN® described a new method of visualizing changes m pressuie 
and volume for the study of vaiiations m peripheral circulation He 
utilized the phenomenon that a pattern of light and dark bands appeals 
when pressure is applied to an ordinary glass cover slip rigidly fixed 
to a microscopic slide This is due to the interference of light waves 
associated with leflecting surfaces sepaiated by a thin layei of air of 
nonuniform thickness When the piessuie applied vanes, the thickness 
of air IS modified, which in turn alters the interference pattern He 

14 Mendlowitz, M Some Observations on Clubbed Fingers, Clin Sc 3 387 
(Dec) 1938 

15 Scull, C W A Simple Method for Visualizing Pressure and Volume 
Changes Applicable to Observations on the Rh 3 thmic Variations in the Peripheral 
Circulation, J Lab & Clin Med 24 753 (April) 1939 
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applied this simple apparatus to the radial aitery or to the finger, and 
with each pulsation various movements of the band of light were pro- 
duced Obstructing the flow of blood resulted in prompt cessation of the 
movement of these bands He suggested that this apparatus be used 
for purposes served by other oscillomelric and sphygmoscopic devices 
Considerable refinement appeared to be necessary The mam objection 
was that a permanent record of data could not be obtained 

Bazett^® contrasted the effects on blood volume and circulation of 
high temperatures applied in acute experiments or in treatments of short 
duration with those of milder temperatures applied chronically for days 
In the analysis of the effects of heat it was necessary to distinguish the 
parts played by (cr) local dilatation in the cutaneous vessels, with the 
accompanying local increase in rate of flow, capillary pressure and fluid 
transudation, (h) compensator}^ reduction of the vascular bed in areas 
other than the skin, which allows dilatation in the cutaneous vessels 
even when the blood volume is unchanged or reduced, (c) increases in 
blood volume on exposure to heat, which form an altei native method of 
compensation in lieu of vasoconstriction, and (d) alterations in cardiac 
output 

The part played by each of these factors was discussed m detail 
Particular attention was given to blood volume and its effect on the 
cardiovasculai system Experiments with a moderate, steadily main- 
tained rise in environmental tempeiature, similar to that present during 
the summer, revealed a significant increase in blood volume, which 
apparently was an adaptation to the piolonged peripheral vasodilatation 
produced by exposure to moderate heat o^el a period of days The 
author was doubtful whether changes m blood volume could be pro- 
duced by fluctuating tempeiatures 

Tempei aUn e of Skin — Opinions appear to vary as to the changes in 
the cutaneous temperature of the extiemities produced by changes in 
posture Roth, Williams and Sheard^' noted an inciease in cutaneous 
tempeiatuie when the subjects were in an upright position and a deciease 
when the legs were elevated They attributed these alterations in tem- 
peratuie to changes in the peripheral circulation as a result of changes in 
hydrostatic pressure Their obseiAations were in keeping with those 
previously reported by other authors of a deciease m the velocity of 
blood flow, an increase in the venous pressure and an average increase 
of about 4 per cent m the volume of the lower extremities as measuied 
by the plethysmograph while the legs were m a dependent position 

16 Bazett, H C The Effect of Heat on the Blood Volume and Circulation, 
J A M A 111 1841 (Nov 12) 1938 

17 Roth, G M , Williams, M M D , and Sheard, C Changes in Skin 
Temperatures of the Extremities Produced Changes in Posture, Am J Physiol 
124 161 (Oct ) 1938 
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Mayerson and Toth/® on the other hand, noted a deciease in both the 
surface and the subcutaneous temperatures of subjects who were sud- 
denly changed to an upright position They attiibuted this decrease to 
compensatory vasoconstriction as a normal adjustment to the upper 
extremities They expressed the opinion that their findings were in 
keeping with those of Hill and Barnard, who noted similar vasocon- 
striction m the splanchnic area Roth, Williams and Sheard and 
Mayerson and Toth ^® reported on persons observed undei similar basal 
conditions, using equally sensitive thermocouples It is difficult to 
explain their opposite lesults Roth, Williams and Sheard had their 
subjects standing on blankets, clothed in light pajamas and tilted at 
angles of 15 and 20 degrees (most favoiable position for vasodilatation), 
whereas Mayerson and Toth used nude subjects suspended on a tilting 
table at angles of more than 60 degrees In the latter group syncope 
was not uncommon In addition, simultaneous subcutaneous temper- 
atures were taken and studies of blood pressure were made The 
method used by Mayerson and Toth was certainly more conducive to 
vasoconstriction In addition, tilting patients as the latter authois did 
must certainly influence all of the compensatory mechanisms regulating 
blood pressure 

Freeman and Nickerson observed the cutaneous and rectal 
temperatures of noimal subjects exposed to different environmental 
temperatures for two hours — 10 subjects were exposed to a temperature 
of 68 F and an equal number to a temperature of 59 F At both 59 
and 68 F the cutaneous temperatures fell markedly, more rapidly in the 
first hour and more precipitously at 59 than at 68 F The fall was the 
least on the forehead and greatest on the extremities The rectal 
temperatuie showed little change for an hour, but after that it began to 
fall, more rapidly at 68 than at 59 F There was a significant individual 
variation as to the temperature levels The difference was greatest in 
the extremities The rate at which the cutaneous temperature fell was 
independent of the initial level of the rectal temperature and only 
slightly influenced by the initial cutaneous temperature The average 
levels of cutaneous and rectal temperatures were slightly related to 
each other but in an opposite direction 

Circulation Time — Mayerson, Sweeney and Toth-® studied the 
influence of posture on the circulation time They used the method of 

18 Mayerson, H S , and Toth, L A The Influence of Posture on Skin and 
Subcutaneous Temperatures, Am J Physiol 125 474 (March) 1939 

19 Freeman, H, and Nickerson, R F Skin and Body Temperatures of 
Normal Individuals Under Cold Conditions, J Nutrition 15 597 (June) 1938 

20 Mayerson, H S , Sweeney, H M, and Toth, L A The Influence of 
Posture on Circulation Time, Am J Physiol 125 481 (March) 1939 
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Spier, Wright and Saylor The solution was injected into the leg veins, 
and a greatly increased time was noted with the subject m an upright 
position In some cases readings could not be obtained They came to 
the conclusion that the slowing was due to stagnation or pooling of the 
blood in the veins of the extremities 

CapiHa) les — Brewer was able to demonstrate rhythmic changes in 
the capillaries of the skin associated with the cyclic menstrual rhythm 
These changes consisted essentially of changes in capillary fragility He 
was able to produce capillar}^ hemorrhages with greater ease during the 
few days prioi to and on the first day of menstruation than during the 
remainder of the cycle He expressed the opinion that these changes 
were a direct result of vascular spasm and suggested that menstruation 
was not a local but a generalized vascular phenomenon There is no 
evidence to date indicating that vasospasm is related to increased 
capillary fragility 

White and Jones ■■ studied the rate of filtration through the capillary 
walls m various pathologic and contiol sites They used a pressure 
plethysmograph after the methods of Landis and Gibbons, regulating 
It after the method of Smirk Obstructing venous pressures were used 
which were gi eater m each case by a constant amount than the colloid 
osmotic pressure of the serum The range of readings observ'ed in nor- 
mal controls was very wide and was not significantly exceeded in any of 
the pathologic states studied 

Leydhecker found little relationship bet\\een the capillaries in the 
nail bed and those of the eyes In only 7 of 31 patients were the find- 
ings significant As these 7 patients were over 40 years of age, 
he was unable to come to any definite conclusions A definite relation- 
ship was noted by Gifford and Marquardt m certain vasospastic phe- 
nomena Their contribution will be discussed under “Angiospastic 
Disturbances,” page 613 

Oscillameti y — A new recording oscillometer was described by Fried- 
man, Ott and Oughterson -■* It was found suitable for precise measure- 
ments of the vascular pulsations in the toes and finger tips 

21 Brewer, J I Rh}thmic Changes in tlie Skin Capillaries and Their Rela- 
tion to Menstruation, Am J Obst & G\nec 36 597 (Oct ) 1938 

22 White, B , and Jones, C M The Rate of Filtration Through the Capillary 
Walls as Measured by the Pressure Plethysmograph Observations on Control 
Subjects and on Patients with Intrahepatic Disease, Thyrotoxicosis and Mj'xedema, 
J Chn Investigation 18 73 (Jan ) 1939 

23 Leydhecker, F K Capillaruntersuchungen am Fingernagelsaum von 
Augenkranken, Arch f Ophth 139 97, 1938 

24 Friedman, I , Ott, L H , and Oughterson, A W A New Sensitive 
Recording Oscillometer, Am Heart J 16 575 (Nov ) 1938 
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Action of Dings — Periow=^’ studied the eftect of piostigmin on 
the temperatures of the skin in 1 normal man and 2 women with mild 
vasospastic phenomena The prostigmin was given in doses of 0 5 mg 
subcutaneously and m doses of 15 mg mouth With both methods 
of administration a use m temperatuie was noted, higher when the diug 
was given by mouth The response was not as gieat as after a peripheral 
nerve block A histamine skin test evoked a reaction of increased 
intensity following administration of prostigmin These studies indi- 
cated to the author that prostigmin produced arterial rather than 
arteriolar or capillary dilatation 

Littauer and Wright were unable to secure as much vasodilatation 
with papaverine hydrochloiide as with the simple procedure of 
immersion m water for the same purpose The papaverine hydro- 
chloride was given intravenously m doses of 003 Gm gram) or 
more The temperatuie of the skin was used as an index of 
vasodilatation Two normal persons as well as a number with peripheral 
vascular diseases were studied Blood pressnie readings weie taken 
simultaneously They were found to be slightly lowered In a few 
instances capillary changes were noted with the capillary microscope 
Color changes seldom occurred It is unfortunate that in these studies 
cutaneous temperature was the sole index of vasodilatation observed 
Other methods, such as oscillometry, might have shown evidence of 
vasodilatation, as these results are not in keeping with othei current 
clinical leports 

Saland noted the effect of benzedrine sulfate and cigarets on a 
small group of normal persons and patients suffering from occlusive 
types of vascular diseases Following ingestion of benzedrine sulfate, 
a diop in cutaneous temperature was noted along with a rise m blood 
pressure and a slowing of the pulse Observations on cutaneous 
temperature following smoking were found inconstant Helmei, Kohl- 
staedt and Page isolated nicotine from the urine of persons who 
smoked Its phai macologic properties were the same as those of pure 
nicotine They found that most of the nicotine disappeared from the 
mine within three or four days aftei smoking was discontinued Nicotine 
appeared to be the substance responsible for the marked pressor action 
of many specimens of mine They noted that unless tobacco was 

25 Perlow, S Vasodilating Action of Prostigmin, J Pharmacol & Exper 
Therap 66 66 (May) 1939 

26 Littauer, D , and Wright, I S Papaverine Hydrochloride Its Question- 
able Value as a Vasodilating Agent for Use in the Treatment of Peripheral 
Vascular Diseases, Am Heart J 17 325 (March) 1939 

27 Saland, G Benzedrine Sulfate and Cigarettes Effect on Skin Surface 
Temperature, New York State J Med 38 1462 (Nov 15) 1938 

28 Helmer, O M , Kohlstaedt, K G , and Page, I H Isolation of Nicotine 
from Human Urine, Am Heart J 17*15 (Jan) 1939 
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eliminated as a source of pressor substance in urine, conclusions relating 
urinary pressor substances to arterial disease are not justifiable It was 
suggested that nicotine might be retained by the body when theie is a 
decrease in renal functign 

Scarborough and Stewart were able to reduce the number of 
hemoirhages m patients with vitamin deficiencies by oral administration 
of hesperidin (vitamin P) This effect was observed when petechial 
hemorrhages were induced by application of pressure and m cases in 
which spontaneous hemorrhages were obseived after administration of 
preparations of arsenic or bismuth The authors expressed the opinion 
that the hemorrhagic tendencies in these cases weie independent of the 
presence of ascorbic acid in the diet 

Roome studied m dogs the effect of small doses of epinephrine on 
the blood flow in the femoral arterj' The studies were done with a 
strohmuhr The most frequent type of lesponse was a combined 
dilatation and constriction with a variation of these two phases in their 
time relationship according to the late of flow No puic dilator effects 
were observed He expressed the belief that the site of dilatation was 
111 the capillaiies and that the site of constriction was in the arterioles 
and arteries 

The vasodilating effect of nicotinic acid was noted by Spies, Bean 
and Stone incidental to their study of this drug on pellagra Follow- 
ing oral or intravenous administration of nicotinic acid, flushing, burn- 
ing, itching and a sensation of increased local heat in the skin were noted 
Definite increases m temperature of the skin of the face, neck and 
trunk weie recorded, with no change or a lovering in the temperature 
readings for the hands and feet The similarity of the drug to histamine 
when given intracutaneously was noted Acetylcholine was found to be 
destroyed more rapidly than nicotinic acid, although both gave similar 
cutaneous responses 

Felhnger and Schweitzer reported the clinical histones of 3 
patients in whom severe vascular impairments developed in connection 
with mercury poisoning It was impossible to make anatomic studies 
on the vessels of these patients, but the clinical manifestations of the 
vascular lesions resembled those of the various forms of obliterating 
endarteritis, howevei, in then unusually rapid, almost fulminating 
course they diffeied from idiopathic vascular diseases 

29 Scarborough, H , and Stewart, C P Effect of Hesperidin (Vitamin 
P) on Capillary Fragility, Lancet 2 610 (Sept 10) 1938 

30 Roome, N W The Effects of Intra-Arterial Epinephnn on the Blood 
Flow in an Extremity, Am J Physiol 123 543 (Sept ) 1939 

31 Spies, T D , Bean, W B , and Stone, R E The Treatment of Sub- 
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Maijala®^ reported the death of a patient following subcutaneous 
administration of 0 8 mg of histamine As this patient had syphilitic 
aortitis with obstruction of the coronary orifices, the author cautions 
against the use of this drug in patients with this type of disorder 

THROMBOANGIITIS OBLITER^KS 

Westcott and Wright studied the problem of specific hypersensi- 
tiveness of the skin to tobacco m 35 cases of thromboangiitis obliteians 
and 36 control cases In all cases in which marked reactions to tobacco 
were shown, passive transfer studies weie made They concluded that 
patients with thromboangiitis obliterans did not show a higher incidence 
of positive cutaneous reactions than the control group, positive reactions 
being found in 42 8 per cent of the foimer and 48 pei cent of the latter 
They expressed the belief that the disci epancies apparent in the reports 
of various authors were probably due to enoneous intei pi etation, as 
the chemical iiritation of tobacco may produce many nonspecific 
reactions Harkavy,^® on the other hand, found sensitivity to tobacco 
m 70 per cent of a large series of cases He studied 12 cases in detail, 
in 10 of which thiomboangiitis obliterans was present, in 1 migiating 
phlebitis and in 1 acute thrombosis He made biopsies on immediate 
and delayed skin reactions to injected tobacco and to injected saline 
solution as a control Histologic sections of the immediately occurring 
urticarial wheals showed eosinophils m varying number In 3 cases 
m which delayed reactions weie noted an acute deimatitis was found 
The exciting role of tobacco in the 12 cases studied was, in addition, 
corroborated clinically by the airest in the progress of the symptoms 
following cessation of the use of tobacco 

Boyd studied 25 cases of thromboangiitis obliterans He was able 
to divide this condition clinically into a proximal and a distal type In 
the pioximal type the initial symptom was mteimittent claudication of 
vessels in the calf muscles with maiked postural changes and absence 
of pulsations in the larger vessels Arteriographic and pathologic study 
revealed that the disease process affected the main vessels 
Histologically, the pathologic picture differed from Buerger’s oiigmal 
description in that the thrombosis appeared to occur as a pi imary event 

33 Maijala, P Death Due to Histatnme, Nord med tidskr 16 1287 (Aug ) 
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and not as a consequence of inlimal disease Inflammatoiy or degener- 
ative change in the vessel wall was conspicuous by its absence In the 
distal type the initial symptoms weie confined to the toes, usually cold- 
ness, numbness, ulceiation oi gangrene In many cases the symptoms 
simulated orthopedic distui bailees of the feet The larger vessels were 
found to be patent, and postuial color changes weie usually limited to 
the affected toes Focal sepsis in the nose or tin oat was a common find- 
ing Aiteriographic examination showed occlusion of the plantar 
arteiies, which weie replaced by tortuous collateial channels Flisto- 
logically, the lumen vas i educed in si/e as a result of intimal prolifer- 
ation, although the remainder of the lumen was usually blocked by clot 
Fibioses weie piesent in the media There was no perivascular cuffing 
of the small vessels m the adventitia The author was unable to reach 
definite conclusions as to the etiologic aspects but was impressed with 
the presence of focal infection in most of the cases of the distal type 

Horton^' leported a statistical study of 948 patients suffering from 
thromboangiitis obliterans These patients came fiom every state m the 
union, except three, and fiom ten foreign countries More than twenty- 
eight different nationalities weie represented, 28 per cent of the 
subjects Aveie Jews The same fundamental pathologic process was 
present in all, and the signs and symptoms, as \vell as the clinical course 
of the disease, w'ere strikingly similar m all Ninety-eight per cent of 
the patients were men T\venty-one of the patients were women The 
mean age of the men w'as 41 8 years and of the w'omen 38 8 years 
Tobacco w^as used by 93 per cent of the patients Amputation w'as 
undergone by 401 of the 948 patients Of the Jewush patients, 33 6 
per cent underwent amputation, compared wuth 45 6 pei cent of those 
of other national or racial groups A study of the cases m w4iich 
amputation w'as done for thiee, five and ten jeai peiiods after the onset 
of the disease indicated that appioximately 70 per cent of the patients 
will go foi a period of thiee years from the onset without the necessity 
of amputation, wdiereas only 60 per cent wull go foi a peiiod of five }ears 
and only 40 per cent foi a pei lod of ten years 

Of the 175 patients wuth thiomboangntis obliterans known to be 
dead, 5 weie women It w^as inteiesting to note that coronaiy heart 
disease ranked first as the cause of death, 47 having died of it, 12 
patients died of cerebial hemorrhage, 12 wuth gangrene oi following 
amputation, and 7 of fatal pulmonary embolism The otheis died of 
known but unrelated causes Florton expressed the belief that early 
diagnosis and thorough education of the patient concerning the nature 
of his disease and the caie of his extremities made for a bettei outlook 

37 Horton, B T The Outlook in Thromboangiitis Obliterans, JAMA 
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From the same clinic, Fatheree and Hines repoited on 22 jiatients 
with thromboangiitis obhteians who died, including 9 on whom necrops} 
was perfoimed In 16, or 72 per cent of the group, extiaperipheral 
vascular lesions played a dominant lole as the cause of death As m 
Horton’s group, coronaiy thrombosis was the most common lesion pro- 
ducing death The average age at death was 41 years In none of the 
patients on wdiom postmortem examination was made w'ere lesions of 
the visceral arteries found which w^eie typical of those desciibed by 
Buerger 

In a histopathologic study of the peripheral nerves in a senes of 20 
cases of thromboangiitis obliterans. Barker noted various combinations 
of wallerian degeneration, fibrosis, edema, atrophy, lymphocytic infil- 
tration, inflammation and thrombosis of the vasa vasorum in all but 1 
case Definite correlation was found betw^een wallerian degeneration 
and the clinical syndrome of ischemic neuritis In 2 cases m wduch 
section of the nerves failed to relieve pain, it was believed that the 
ischemic inflammatory and degenerative lesions of the nerves had 
already occurred at levels proximal to the site of section 

Roth, Maclay and Allen studied the blood of 105 patients with 
thromboangiitis obliterans The values for serum calcium, serum pro- 
tein, blood urea, serum lecithin and serum phosphorus were found to be 
within normal limits In most instances the blood volume, the 
hematociit value and the concentration of fatty acids and of cholesterol 
in the plasma were found to be normal In some instances, however, 
the blood volume was slightly decreased, and the concentration of fatty 
acids in the plasma and that of cholesteiol were slightly increased The 
stage of the disease process was not mentioned Theis and Freeland 
studied the venous blood of the involved extremity in 7 patients wnth 
acute thromboangiitis obliterans They found increased blood viscosity, 
rapid sedimentation of the cells, rapid coagulation, greatly increased 
alkalinity, low or normal cell counts and oxygen saturation of arterial 
blood and a low caibon dioxide content of the blood These con- 
ditions, how'ever, w^ere not noted in 21 clinically improved or lecovered 
patients Oxygen saturation of the venous blood appeared to follow 
clinical impiovement, being normal wdien there w'as freedom fiom pain 

38 Fatheree, T J , and Hines, E A , Jr Fatal Complications of Thrombo- 
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at rest only to retuin to a high level with lecurience of the disease 
This suggested to the authors that a distuibance in the utiliration of 
oxygen is one of the conditions in the complex physiology of the blood 
and tissue metabolism which are responsible for the acute symptoms 
Unlike Roth, Maclay and Allen, they were able to confirm the results 
of other authois in noting disturbances in phosphohpm and cholesterol 
metabolism Low basal metabolic rates \\ ere noted in all 

They also investigated in 6 cases the etiologic role of typhus fever 
in thiomboangiitis obliterans All of the cutaneous tests with antigen 
supplied by Goodman weie negative 

Hausner and Allen concluded fiom a study of reports of 23 
cases of thromboangiitis obliterans collected from the literature, in which 
there occuiied both ceiebral and pciipheral involvement, that lesions 
of the ceiebral vessels, while not always characteristic of thromboangiitis 
obhteians, may be piesent in persons with this disease of the extremities 
who do not have s}philis, hypci tension, diabetes or other detectable 
causes for cerebrovasculai lesions They have observed 11 patients 
with thromboangiitis obliterans involving the extremities in whom there 
was evidence of vascular lesions involving the brain These uere 
encounteied in a study of 500 patients with peripheral involvement 
The duration of the peiipheral disease m this group varied from fi\e 
months to twentj^ years The ages of the patients vaiied from 35 to 59 
years In most of the patients the cerebral complications occurred 
following the onset of the peripheral disease The cerebral lesions 
preceded the peripheral symptoms m only 3 patients In these 3 
hemiplegia was present one, two and fourteen } cars, respectively, before 
the onset of the peripheral symptoms Thromboangiitis obliterans must 
therefore be suspected in cases of cerebrovascular disease of obscure 
cause The main neurologic S3miptom was hemiplegia, which occurred 
transiently once, several times or permanently Some patients showed 
confusion, disorientation, aphasia and loss of memory, symptoms which 
frequently cleared up entirely Hemianopia, present in 2 patients, 
disappeared in 1 patient following sj mpathectom}^ The symptoms 
depended chiefly on the location of the cerebral lesion This compli- 
cation may be noted more frequently if attention is directed to it This 
study emphasized that cerebrovasculai complications may occur in cases 
of thromboangiitis obliterans and may precede evidence of thrombo- 
angiitis obliterans of the extremities It is also apparent that peripheral 
thromboangiitis obliterans may be the least serious part of a disease 
which may be disabling and in which life may be terminated by cerebral 
or cardiac involvement 

42 Hausner, E , and Allen, E V Cerebrovascular Complications in Thrombo- 
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Cases in which thromboangiitis obliterans was associated ^Mth 
diabetes weie repoited by Collens and Wilensky (1 case) and Helm 
and Holton (1 case) The foimer authors resorted to biopsy to 
establish the diagnosis Cases of thromboangiitis obliterans in women 
were leported by Millman and Robinson'*® The authenticity of 
Robinson’s case is doubtful fiom the evidence supplied The condition 
was associated with the menopausal syndrome 

ARTERIOSCLEROSIS 

New concepts of the biologic aspects of ai tei losclei osis weie pub- 
lished in an excellent book by Winteimtz, Thomas and LeCompte 
The assumption which guided these studies was that blood extravasating 
within the wall, especially the intima, of the aoita and large arteries 
may be at least one souice of the lipoidal deposit and the cause of the 
foimation of the atheiomatous plaque which chaiacteiizes human 
intimal artei losclerosis This assumption was based on the knowledge 
that lipoidal deposits at other sites may have their oi igin in extravasated 
blood and on the frequent observation of vascularization and hemorihage 
within the lesions of human simple intimal arteriosclerosis It was 
lecognized by the authors that the mere demonstration of blood vessels 
and of extiavasated blood m aiteiiosclerotic plaques does not constitute 
proof of a piimary causal lelationship between the formei and the 
latter The leveise may be true, for the vascularization and hemorrhage 
could be, as most students of the subject have thought, secondary to 
the lipoidal deposit The authors’ view has found support in their con- 
vincing demonstiation by special technical methods of an “extensive 
vasculai network” in the intima of noimal blood vessels of a number 
of animal species other than man The oiigin of the anastomosing 
intimal vasa has been demonstrated to be from (1) the adventitia, (2) 
the legion of orifices of branches and (3) the lumen of the vessel Two 
outstanding weaknesses must be explained before the significance of 
these studies can be fully lecognized and the results applied to the 
pioblem of the oiigin of simple aitenosclerosis m man The first 
difficulty IS that, while the demonstration of anastomosing channels m 

43 Collens, W S , and Wilensky, N D Thromboangiitis Obliterans in a 
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the intima of normal arteries of different animal species can be accepted, 
it IS a fact that the arteriosclerosis which occurs in such animals is most 
commonly medial, characterized by degeneration and calcification of this 
coat and not by atheromatosis, which is an important part of the lesion 
of simple intimal arteriosclerosis in man The second difficulty is that 
these authors have failed to demonstrate anastomosing channels in the 
intima of the normal human aorta and arteries , yet it is in this very 
location that simple arteriosclerosis develops in man Until these 
obstacles are successful!}' overcome there can be no strict application of 
the results of this work to the complex problem of the genesis of human 
arteriosclerosis 

Leary questioned the etiologic role of intimal hemorrhage in 
arteriosclerosis It was his opinion that the normal intima was not 
vascularized and that vascularization occurred only in connection with 
vascular lesions m which repair had taken place He reasoned that 
since the vessels arose only as a result of a repair process and since 
the lesions were of the advanced atherosclerotic type the hemorrhages 
from such vessels must be a late phenomenon and therefore not of 
etiologic importance He expressed the belief that the cholesterol found 
in atherosclerotic lesions vas not a deposit from the blood of these 
hemorrhages, because of the minute amounts of this material in the 
original hemorrhage He offered the opinion that the cholesterol was 
most likely transpoited to the site in macrophages oi as free or ester 
cholesterol in the blood 

Hines made a clinical study of 280 patients with thrombo- 
arteriosclerosis obliterans The ratio of males to females was found to 
be 6 to 1 The age range was from 35 to 94, 70 per cent of the patients 
being 111 the fifth, sixth and seventh decades of life No significant 
difference in racial incidence w'as noted In only 3 patients w'as either 
the radial or the ulnar artery occluded This w'as considered an 
important finding because of the contiast wuth thromboangiitis oblit- 
erans, in which involvement of the vessels of the upper extremities is 
not uncommon No correlation could be made between the extent of 
calcification show'n by roentgenogi ams and thrombosis wuth occlusion, 
although the incidence of calcification among men w'as 69 per cent and 
among women 31 pei cent Diabetes W'as present m 20 3 pei cent of 
the patients In this group the incidence of ulcer and gangrene w'as 
gi eater than m the nondiabetic group Ischemic neuiitis w'as noted m 8 
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per cent and paresthesias in 5 per cent Hypertension was noted in 35 
per cent However, this figure was considered low% because many had 
a latent form of liypertension, as demonstrated by changes in retinal 
arteries and by cold pressor tests Of the 1 16 patients about wdiom theie 
w'as satisfactory follow^-up information, 54 6 per cent died wuthm three 
years after their first admission The majority died in a manner sug- 
gestive of coronary thrombosis The incidence of deaths was not 
appreciably higher in the group of patients wdio had diabetes The 
incidence of amputation w^as found to be 25 per cent, a figure considered 
low because of a piesumed additional 5 per cent who might ha\e had 
amputation elsewhere 

Kramer studied the pet ipheral circulation in 100 diabetic persons 
selected at random Taking the group as a wdiole, he found the inci- 
dence of sclerosis to be 38 per cent How^ever, there w^as a marked 
increase in the incidence wuth each decade Hypertension was present 
in 28 pel cent of those showing evidence of scleiosis Hypeiglycemia 
did not appear to influence the development of sclerosis Elevated levels 
of blood cholesterol w’ere found for only 23 per cent of all the diabetic 
patients and only 21 per cent of the arteriosclerotic ones had ele- 
vated hpid readings Roentgen studies of the low^er extremities 
revealed calcium in the w^alls of blood vessels in 63 pei cent of the 
patients in the arteriosclerotic group Fouiteen patients show'ing 
no evidence of sclerosis as demonstrated by this method had other 
indications of vascular damage All, the patients m the artei losclerotic 
group showing noimal responses m histamine tests excepting 2 had 
correspondingly good oscillometric readings Sixty-seven per cent 
show^ed normal responses to histamine Kramer expressed the opin- 
ion that many methods of study were necessary to diagnose arterio- 
sclerosis The results of histamine studies were a most reliable guide 
to piesence or absence of sufficient collateral circulation The number 
of patients having poor or no pulsations of the peripheral vessels of 
the lower extremities compared favorably wuth the number showing 
a poor oscillometric index The ophthalmologic examination of the 
fundi, the roentgen study of the low^er extremities and the blood 
pressuie readings demonstrated a relatively . equal incidence of 
arteriosclerosis 

Stroud and Shumw’ay noted the occui rence of intermittent 
claudication m a ceitain number of persons subject to coronary occlu- 
sion In a series of 57 patients with coronary occlusion 7 had inter- 
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mittent claudication, as compared with 1 in a series of 106 patients 
without heart disease They also noted that patients with hypei tension 
were moie likely to complain of ciamps in their legs at night than noimal 
persons 

Randall studied the lipid composition of nerves fiom arterio- 
sclerotic and diabebtic subjects The peiipheral nerves fiom these 
subjects showed marked decreases in phospholipids, cholesteiol and cere- 
biosides and an increase in neutral fat but no significant change in 
water content The posterior tibial nerve showed more extensive 
change from normal than the sciatic and the latter more than the 
femoral The femoral, sciatic and posteiioi tibial nerves from normal 
subjects did not show significant dififeiences in composition The 
gi eater extent of chemical change m the more distal parts of the nerves 
was indicative of an inadequate blood supply and concomitant 
anoxemia resulting m decomposition of the lipid constituents 

Millet desci ibed 2 fatal cases of diabetic gangrene of the face In 
both cases the lesions in their eaily stages lesembled erysipelas, with 
later a breakdown of tissue 

PERIARTERITIS NODOSA 

Ai tides on this subject consist mainly of case reports, each bearing 
on some etiologic phase of the disease Berger and Weitz ’’’ leported 
a case in which periarteritis nodosa developed m an allergic person 
while this person was under observation An antemortem diagnosis 
was made on the lesults of a biopsy of muscle The authors believed 
that this case substantiated the theory of the allergic background 
of this disease Becker'^® leported the case of a boy of 13 admitted 
with a tonsillar abscess in whom later cardiac insufficiency developed 
with fatal termination Autopsy confirmed the diagnosis Cleland 
observed periarteiitis nodosa m 3 of 4,000 autopsies In 1 of these 
cases rheumatic vegetations were present on the mitral valve He 
stated the opinion that there was a definite relation between peri- 
arteritis nodosa and iheumatic fever and that it was possible that the 
foimer disease was m some cases an allergic response to the agent 
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of rheumatic fever Matras described a case in which peiiartentis 
nodosa occurring m the vessels of the skin was associated with exten- 
sive hemorrhages and gangrene 

THROMBOSIS 

LeFevre reported the case of a boy of 16 in whom thrombosis 
of the right posterior tibial artery developed following a simple con- 
tusion inflicted by a golf ball Symptomatic and objective improve- 
ment followed the admimstiation of passive vascular exercise Adson 
and Allen reported thrombosis of the arteries of the right upper 
extremity secondary to the presence of an anomalous first rib Wat- 
kins °° repoited gangrene of various digits m both upper and lower 
extremities of an infant 11 weeks old He held, because of the sequence 
of events leading to the gangrene, that the condition was most likely 
arteritis secondary to recent streptococcic infection producing throm- 
bosis of the phalangeal arteries An embolic phenomenon seemed 
unlikety because of the nature of the infant’s illness 

Raynaud’s disease 

Lewis compared the pathologic changes in the arteries of the 
fingers in warm-handed people with those m patients with so-called 
Raynaud’s disease The warm-handed adults, used as controls, usually 
showed distinct intimal thickening in the digital arteries inci easing 
with age General thickening was the rule after the age of 50 
The thickening consisted of hyperplasia of the mtimal tissues After 
60 years the thickening was conspicuous In digital arteries subject 
to intermittent spasm of the type exemplified in the mildest foim of 
so-called Ra 3 maud’s disease there was no more mtimal thickening 
than was to be found in the arteries of warm-handed people of similar 
age In digital arteries of the same type but with spasm of greater 
severity more mtimal thickening than usual was found, but it was 
not moie than that found m many subjects piesentmg no symptoms 
Attacks of discoloration of the fingers m these cases were ascribed to 
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overaction of the muscular wall Hyperplasia of the media was not 
found m any of them , the digital arteries were normally very mus- 
cular In 2 cases of mteimittent spasm m which the finger tips pre- 
sented the scars of small healed necroses, obstructive disease of the 
digital arteries was discoveied The arterial wall generally presented 
intimal hyperplasia, the lumens being conspicuously reduced or actually 
occluded by new cellular tissue or by recent or organized thrombus 
The conspicuous lesions vere present in scarred and unscarred fingers 
In cases of intermittent spasm m which the fingers presented unhealed 
necroses, thrombotic obstruction of the digital arteiies w'as the rule 
The thrombi were seen in various stages of organization In cases of 
bilateral discoloration and neciosis of fingers, in w'hich there had been 
no previous attacks of discoloration, the predominant lesion w'as 
thrombosis, and the thiombi w'eie in various stages of organization 
Similar lesions w^ere found m necrosed and nonnecrosed fingers in 
these cases Lew'is suggested that in many patients e's.penencing 
attacks of discoloration leading to necrosis of the fingers, S}mptoms 
w^ere determined by an initial thiombosis He was not able to present 
evidence that attacks of digital aiterial spasm produced thickening 
of the medial or intimal coats of the digital arteries, he thought, how- 
ever, that it might lead to thrombosis In patients with diffuse sclero- 
derma presenting attacks of discoloration of the fingers there was an 
occlusive disease of the digital ai tones In the intimal thickening, 
hyperplasia of the original tissues and connective tissue growth play 
conspicuous parts Organizing thrombi may be found m the lumen 
He expressed the belief that m the piesence of a full radial pulse 
failuie to elicit any capillary pulsation at the tips of the fingers by 
adequately heating the hand indicated a considerable reduction or 
obliteration of the lumens of digital aitcries by stiuctuial disease The 
same author studied 6 cases of Raynaud’s disease shortly after pre- 
ganglionic sympathectomy Discoloration of the fingers occurred 
spontaneously or w'as induced wnthin a few^ days after the operation 
m 3 cases In 2 of the remaining 3 cases abnormal reactions to cold 
were pioduced with difficulty before operation, but easily after the 
operation He expressed the belief that preganglionic sympathectomy 
did not bring tbe fingers to a normal state, as a local abnormality 
remained which could be displayed in a measure i elated to the 
abnormality displayed before operation He offered the opinion that 
the attacks in Raynaud’s disease w^ere due not to excessive action of 
the vasomotor system but to a local fault and that in some cases this w as 
an occlusive structural disease, as mentioned There appears to be an 
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increased susceptibility of the vessels to cold He showed that lull \aso- 
dilatation declined slowdy during a period of a week after operation 
Houston and Johnson reported the case of a young woman suffeimg 
from Raynaud’s disease w'ho had calcified nodules in the soft tissue 
of her fingers 

ANGIOSPASTIC DISTURBANCES 

Gifford and Maiquardt®'* described a type of central retinopathy 
affecting young or middle-aged persons with little or no increase m 
general blood pressure In all of the patients eKammation ie\ealed 
definite signs of peripheral vascular spasm The authors concluded 
that the ocular symptoms w^eie purely angiospastic, on the following 
grounds A high degree of arterial spasm w'as found elsewdieie. the 
attacks of blindness were transient, these attacks w^ere frequent wuth 
definite ophthalomoscopic findings, and antispasmodic treatment 
resulted in complete or almost complete recovery of function The 
treatment consisted in administration of antispasmodic diugs, as the 
nitrites, of typhoid vaccine or of tissue extract, along wuth avoidance of 
tobacco, exposure to cold and psychic trauma Perry and Davie 
reported symmetric peripheral gangrene of the low^er limbs developing 
shortly before death m a person wuth congestive heart failure as a 
result of h)'pertensive heart disease They discussed the possibility 
that this rare occurrence was due to reflex vasoconstnction leading to 
redistiibution of the circulating blood in an attempt to piotect the 
vital organs from the effects of a diminished cardiac output At autopsy 
the aorta presented a moderate degree of atheioma, but the iliac, femoral 
and popliteal arteries show'ed no obstruction on either side Warem- 
bourg, Lmquette and Ravaut noted that arteriolar spasm occui red 
fiequently m patients with cardiac insufficiency Various tests w^ere 
made on 64 patients wuth heart disease to demonstrate this phenomenon 
The relationship betw^een angiospastic conditions and hypocalcemia was 
again discussed by Norman”' Cases m wdnch migraine was associated 
with various peripheral A^asospastic phenomena, such as blanching or 
paresthesias of the fingers, were discussed He held that these head- 
aches were thus angiospastic in nature A laige number of the patients 

63 Houston, C J , and Johnson, E A Case of Unusual Calcium Deposition 
Due to Raynaud’s Disease, Canad M A J 39 60, 1938 

64 Gifford, S R, and Marquardt, G Central Angiospastic Retinopathj, 
Arch Ophth 21 211 (Feb ) 1939 

65 Perry, C B, and Davie, T B Sjmmetrical Peripheral Gangrene in 
Cardiac Failure, Brit M J 1 15 (Jan 7) 1939 

66 Warembourg, H , Lmquette, M, and Ra\aut, J Arteriolar Spasm in 
Cardiac Insufficiency Its Therapeutic Consequences, Presse med 46 1761, 1938 

67 Norman, G F Blood Calcium Its Relation to Certain So-Called Angio- 
spastic Conditions, West J Surg 46 513 (Oct ) 1938 
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were relieved by no other therapy than that of giving viosterol to 
raise the blood calcium 

CIRCULATION AND ARTHRITIS 

Kling studied the joints and vessels of the lower extremities of 
patients who had undergone amputation for gangrene The group 
included 3 patients with thromboangiitis obliterans and 10 with aiterio- 
sclerosis In both types of patients the vessels of the extiemities 
showed advanced lesions In those with thiomhoangiitis ohhteians the 
synovial vessels were found to be frequently involved with no h}per- 
tiophy of the synovial membrane In those with arteriosclerosis, how- 
ever, the vessels of the s 3 ^novia were normal or moderately affected 
and 111 onl}’’ 2 were the memhianes definitely h 3 'peiti opined Subacute 
synovitis of the ankle and knee joints was present in a patient with 
thromboangiitis ohhteians, and in another venous congestion of the 
membrane was noted Pronounced osteoarthiitis was present in only 
2 of the patients with arteiiosclerosis In all patients past 40 3 ’-ears 
of age slight erosion of the articular cartilage was noted which corre- 
sponded to that found m a contiol gioup of similai age The author 
w'as thus unable to substantiate the vascular thcoi 3 ’' of osteoarthiitis 

arterio\t:nous aneurysms 

Reid and McGuire presented another series of 30 aneurj sms of 
wdiich 21 weie arteriovenous and 9 cirsoid Clinical obser\ations, sur- 
gical pioceduies and experimental studies on dogs were presented No 
aneuiysm in the entiie senes proved fatal Theie weie 8 arteno^enous 
aneuij'^sms wdnch had caused definite cardiac damage, with 2 there 
w^as seveie caidiac decompensation Of the 9 cirsoid aneuijsms, 2 
weie associated wnth evidences of some caidiac damage In e\ery 
instance m which the heait was demonsti abl 3 ’' affected, closure or 
excision of the fistula was follow'^ed bj caidiac improvement In the 
w'alls of the arteij'^ and vein opposite the fistula extensive calcification 
was noted In 11 cases definite enlaigement and thinning of the wall 
of the proximal artery w^ere noted In man 3 '^ cases the w^all of the 
involved vein w^as definitel 3 ’' Itypertrophied There w^as no positive 
evidence that the circulation tune w^as definitelj’' affected b 3 ’- the fistula 
The authois’ studies failed to confirm the obseivations of I-Iolman and 
others wdio reported a laige inciease m blood volume in the presence 
of arteriovenous aneurysm Slowung of the pulse rate wdien the fistula 
was closed w^as observed in 10 cases as w^ell as in experiments on ani- 

68 Kling, D H The Significance of Peripheral Circulatoij' Disturbances 
for the Development of Osteo-Arthritis, Am J M Sc 197 358 (March) 1939 

69 Reid, M R , and McGuire, J Arteriovenous Aneurj sms, Ann Surg 
108 643 (Oct ) 1938 



SCUPHAM ET AL —VASCULAR DISEASES 


615 


raals The extent of this slowing of pulse rate varied greatly and 
seemed to be directly related to the seiiousness of the cardiac damage 
and the size of the fistula Venous pressures appeared to be unaftectcd 
by arteriovenous aneurysms unless there was some evidence of cardiac 
decompensation, at which time the changes in venous piessures vere 
similar to those which noimally occur m cardiac decompensation A 
use m both systolic and diastolic pressuie following closuie of arteiio- 
venous fistula was observed m 13 cases An extensive collateial circu- 
lation around an arteriovenous fistula was demonstrated in 6 instances 
This extensive collateial ciiculation makes the occuirence of gangicne 
af tei excision of chronic ai teriovenous fistula pi actically unknov n The 
cncuiation distal to the fistula may be impaued, as evidenced by absence 
of pulses, coldness of the part, cyanosis and occasional chionic ulcers 
Nerve paralyses associated with the artei lovenous condition occuiicd 
m 4 cases Intracianial arteriovenous aneurysms developed in 3 cases, 
pulsating exophthalmos in 2 and a fistula between the ophthalmic \es- 
sels behind the eyeball in 1 

ERYTHROMELALGIA 

Smith and Allen held that “eiytheimalgia” was a moie desciiplive 
teim than “erythromelalgia” for the syndrome of heat, redness and pain 
of an extremity The latter, they said, was not entirely adequate 
because it did not denote the importance of heat The rathei definite 
clinical pictuie was desenbed by the authors as a syndiome affecting 
one or moie extremities and consisting of discoloration and distress, 
both of which were dependent entirely on the temperatuie of the skin, 
an increase of which constituted the thud component The condition 
might occur as a primary disturbance, oi it might be secondary to such 
a condition as polycythemia vera The diagnosis depended on the 
establishment of a close relationship between the occurrence of the dis- 
tress and the temperature of the skin When the temperature of the 
skin increased above a critical point, usually 32 C , the distress occuiied, 
and when it decreased below this point the distress disappeared They 
believed that the distress itself resulted from a susceptibility of the 
skin to increased temperatures, a condition which did not occur in 
normal persons 

A case of eiythiomelalgia associated with chionic gout was desenbed 
by Markel Relief was obtained for two ) ears by an intravenous 
injection of typhoid vaccine 

70 Smith, L A , and Allen, E V Erjlhermalgia (Erythromelalgia) of the 
Extremities, Am Heart J 16 175, 1938 

71 Markel, J Erj'thromelalgia Report of Case of Its Association with 
Chronic Gout wnth Relief of Symptoms for Two Years After Intra\enous 
Administration of Tjphoid Vaccine, Arch Dermat &. Syph 38 73 fjuly) 1938 
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ACROCYANOSIS 

Day and Klingman " - repoi ted a study of the efifect of sleep on the 
cutaneous temperature of a 6^4 year old girl ith acrocyanosis Dui mg 
sleep there was spontaneous wanning and reddening of the hands and 
feet Under these conditions the hands lesponded in a parallel tv a} 
with the rest of the body to warm and cold foot baths Local cooling 
of the hand under induced sleep did not cause vasoconstriction The 
authors expiessed the belief that their studies supported the theory of 
a central lather than a local origin of this abnormal vasomotor tone 
Microscopic studies of the capillaries at the nail base showed sluggish 
blood flow’’ and venous dilatation 

CrOMbS TbMOR 

Grauer and Burt reported 2 cases of glomus tumoi located on 
the penis This report was of mteiest not only because of the unusual 
site but because m 1 case the onset occui red at 1 year of age 

Doane reported an additional case of a glomus tumor on the 
finger of a 31 year old woman 

PHLEBITIS AND THROMBOSIS 

Many articles have been published on this subject during the cur- 
rent year Few new^ ideas have been presented Arterial symptoms 
secondary to phlebitis of the extremities were discussed by many 
authors (Uggeri and Massone"’’’, Audiei and Haimovici Gregoire , 
Zehnder’^®, Ochsnei and DeBakey'") Uggeri and Massone”® 
expressed the opinion that ischemia might be caused by one of three 
conditions, namel)^ arteritis from dissemination of phlebitis, secondarj 
arterial spasm or a combination of both Audier and Haimovici 

72 Daj', R, and Klingman, W O The Effect of Sleep on Skin Temperature 
Reactions in a Case of Acroevanosis, J Clin Investigation 18 271 (May) 1939 

73 Grauer, R C , and Burt, J C Unusual Location of Glomus Tumor, 
JAMA 112 1806 (May) 1939 

74 Doane, C P Glomus Tumor (Glomangioma), JAMA 112 1049 
(March 18) 1939 

75 Uggeri, C , and Massone, A Arterial Symptoms from Phlebitis of 
Limbs, Arch ital di chir 49 429 (Sept) 1938 

76 Audier, M , and Haimovici, H Les gangrenes des membres d’ origine 
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77 Gregoire, R La phlebite bleue (phlegmatia cierulea dolens), Presse med 
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79 Ochsner, A , and DeBakey, M Treatment of Thrombophlebitis by Novo- 
cain Block of Sympathetics, Surgery 5 491, 1939 



SCbPHAM ET AL— VASCULAR DISEASED 


617 


discussed venous gangrene, citing man}" cases repoited elsewheie In 
each case autopsy demonstrated an intact arterial system Although 
the most logical cause appeared to be secondaiy arterial spasm, other 
possibilities were discussed They offeied the opinion that such gan- 
grene could develop from mechanical blockage due to complete oblitera- 
tion of all the veins or from stasis in terminal capillai} beds resulting 
from a disease process in the venous loops At autops} no definite 
occlusion could be demonstrated as a direct cause for the gangrene 
Gregoire discussed a definite type of superficial phlebitis ^\hlch \\as 
characterized by an excessive amount of vasospasm 

Zehnder studied 8 cases of venous claudication in the upper 
extremities, resulting from stiaiii, by means of venograms and infra- 
red photographs He was unable to demonstrate venous thrombosis in 
all of the cases He showed that the S 3 unptoms could be produced by 
vasomotor changes, muscle swelling or muscle conti action Roelsen 
reported 7 cases of traumatic thrombosis of the axillary-subclavian vein 
The condition was characterized by acute venous stasis, m part recurrent, 
manifested by marked venous dilatation and diffuse swelling of the 
upper extremity A case of traumatic thrombosis of the deep palmai 
vein was reported by Snyder and Snyder 

The relationship between serum sodium chloride and venous throm- 
bosis was studied by Russo In 44 cases of thrombosis he found the 
sodium chloride content of the serum to be within normal limits , thus 
he rejects the suggestions of other authors that chloride deficiency is 
a cause of spontaneous thrombosis A review of cases of hypochloremia 
and of experiments on animals in this connection failed to disclose a 
tendency tow^ard thromliosis The author expiessed the opinion that 
dehydration resulting from withdrawal of sodium chloride is a problem 
that concerns not the blood vessels but the tissues Consequently it has 
no accelerating effect on blood coagulation and is not a factor m the 
genesis of venous thrombosis Moreover, the sodium chloride content 
of the blood has little influence on the viscosity of the blood The 
authoi expressed the belief that venous thrombosis in patients wnth 
heart disease is not connected with dehydration procedures According 
to Dougal,®'’ tiauma of tissue and sepsis aie the two primary causatne 

80 Roelsen, E So-Called Traumatic Thrombosis of Axillarj-SubclaMan 
Veins, Hospitalstid 81 889 (Sept ) 1938 
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factors m thrombosis and embolism Slowing of the circulation, m bis 
opinion, IS the most important predisposing cause, as thrombosis rarely 
occurs if the blood flows freely 

Veal,®* since his recent publication of venograpbic observations m 
20 cases of swelling of the aim following radical removal of the breast, 
has observed 26 additional cases, a total of 46 cases of swelling following 
operation Tw^enty-two patients w'bo did not experience sw elling of the 
arm after such operation w'ere studied in order to determine the possible 
extent of the venous obstruction existing before edema occurred Veno- 
giaphic studies supplemented w’ltb determinations of venous pressure 
proved %aluable as a means of differentiating between the seveial forms 
of arm swelling following radical amputation of the breast Simple 
l)unpbatic edema was the least frequent cause of swelling of the arm 
after such an amputation He believed that this foim of edema might 
lesult from recurient lymphangitis, cellulitis or cutaneous metastases 
The deep veins of the arm w'eie not primarily involved and remained 
patent Edema resulting from obstruction of the axillary-subclavian 
vein w'as by far the most common cause of sw'elling of the arm following 
operation The most frequent cause of the venous obstruction w'as a 
recurrence of the malignant growdh along the course of the veins In 
some cases the venous occlusion resulted from benign scar formation In 
others the axillary part of the vein was occluded by the sharp angula- 
tion of its course w^bcn the arm was dependent, because of the fixation 
of the floor of the axilla The ^enous obstruction produced a local 
increase in the venous pressure, and fluid escaped into the tissues 
L3mipatbic stasis w^as a secondary result of the lenous obstruction and 
if prolonged led to permanent blockage of the lymphatic flow Infec- 
tion w'as prone to develop, and w'^ben it did led to further obstruction 
and caused a greater degree of swelling The skin then became thick- 
ened, presenting the typical picture of lymphatic edema 

Monteiro desciibed bis technic for making lympbangiograms on 
various animals, using thorium dioxide as a contrast medium The 
technic w^as much like that used m the injection of the Ijmphatics in 
cadavers He demonstiated in animals that sympathectomies favor, as 
m the case of arteries, the reestablishment of the lymphatic circulation 
after the interruption of the large trunks by the development of a 
large number of derivative passages 

84 Veal, J R Pathologic Basis for Sw'clling of the Arm Following Radical 
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TREATMENT 

The present day theiapy of peripheral vascular diseases is not }et 
entirely satsifactoiy This is evident in the multiplicit}" of piocedures, 
drugs and mechanical devices now used and in the fact that many 
such proceduies have fallen into disiepute after a lelatuely shoit use 

Wollaeger, Allen and Ghormley stiessed the importance of per- 
sistent treatment of patients suffeiing fiom thiomboangiitis obliterans, 
using 2 illustrative cases In both cases majoi amputation vas 
rejected m favor of conseivative management Although the patients 
were submitted to months of persistent medical management the end 
results were so satisfactory that the authors felt justified Better and 
adequate conservative treatment, with less haste to amputate, was sho\\ n 
to be very desirable in many cases 

Wolfle reported beneficial results m 60 patients with diabetic 
and 40 with nondiabetic artei losclerotic gangiene from the use of 
pancreatic (enz 3 ^me free) tissue extiact Complete healing was obtained 
m 75 per cent of the patients Injections were repeated whenever 
there was a complaint of pains or cramps m the legs and difficulty in 
walking Many of his patients had been under observation for years 
To many of them additional remedies were given simultaneously, 
such as papaverine liydiochlonde, heat, diets low m cholesterol, insulin 
when needed, and alcohol He stated that panel eatic extract seemed 
not only to pioduce an early airest of pathologic processes but also 
to stimulate moie rapid and more complete repair than other con- 
servative means 

The treatment of erythromelalgia (or erytheimalgia) was not 
found to be unifoimly successful by Smith and Allen They found 
it important to determine whether there was any condition, such as 
polycythemia, to which erythermalgia might be secondary Under such 
a circumstance the treatment of the syndrome aftecting the extremities 
would be the treatment of the condition which produced it Surpris- 
ingly, 111 some cases acetylsalicylic acid m amounts of 10 giams (0 65 
Gm ) pioduced marked relief, persisting for as long as several dajs 
No adequate explanation of this was available Some symptomatic 
relief could be obtained by avoiding procedures that cause vasodi- 
latation m the extremities Avoidance of exposure of the feet to 
warmth, as m riding in the front seat of an automobile, alleviated some 
of the distress, as well as the use of light socks or stockings and of 
sandals or perforated shoes When simple measures failed, it became 

86 Wollaeger, E E , Allen, E V, and Ghormley, R KL The Value of 
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necessary m some cases to anesthetize the skin of the feet by section 
by crushing or by injecting alcohol into such peripheral nerves as the 
posterior tibial, peroneal and sural The logical procedure appeared 
to be to attempt to desensitize the skin to heat 

Sedwitz found the paraffin boot to be a valuable adjunct m the 
therapy of peripheral vascular diseases He found that it produced 
and maintained heat in a diseased extremity The temperature of the 
skin and oscillometnc readings were found to be increased as compared 
with those of normal persons when the boot was used prior to treat- 
ment by mteimittent venous occlusion Montgomery and Starr®® 
described in detail the construction of four well known mechanical 
devices for use m the therapy of peripheral vascular disorders Each 
had been selected because of low cost and efficiency, having been used 
successfully by these physicians for periods of from one to four years 
These devices consist of (1) a simple thermoregulatoi for maintaining 
an optimal temperature m a foot cradle, (2) an inexpensive apparatus 
for giving drugs b} iontophoresis, (3) a bed so constructed that the 
patient is able to be comfortable with the legs m a dependent position 
and (4) an original small suction pressure apparatus to be inserted 
on the fingers With the latter apparatus, reddening of the skin m 
the suction phase with blanching during pressure was easily demon- 
strated This was found to be useful for home treatment b\ persons 
suffering from diseases confined to the fingers 

The Council on Physical Therapy of the American Medical Associa- 
tion accepted the Sanders vasodilator as an adjunct m the therapy 
of peripheral vascular diseases The vasodilator is a bed which is cap- 
able of oscillating up and do\\n at a legular cycle, ^\hlch can be adjusted 
at will It is capable of giving exercise similar to Buerger’s exercise 
to persons unable to perform active movements The patient learns to 
sleep 111 the bed, thus making it possible for the exercise to be continued 
over long peiiods It was the opinion of the Council that this bed had 
a limited therapeutic usefulness and that no more could be expected 
from it than could be achieved by the conventional Buerger exercise 
Veal and McCoid®^ studied the oxygen saturation of venous blood 
after true reactive hyperemia and after intermittent venous occlusion 
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The test was conducted on 11 healthy male subjects, a blood pressure 
cuff being used for compression Studies were made on the arm, blood 
being drawn from the antecubital veins under oil The maintenance of 
complete compression over periods of five to eight minutes was fol- 
lowed in 9 of 11 cases by a definite rise in the oxygen saturation of 
the venous blood one minute after its release In most cases the ele- 
vation was maintained at the end of three minutes Intermittent venous 
occlusion, on the other hand, even m the presence of a normal circu- 
latory system, was usually followed by a lowering of the oxygen satura- 
tion of the venous blood at the end of one and three minutes after 
release In the latter experiment cuff pressures varied from 60 to 80 
mm of mercury, with a ratio of compression to release of 2 2 and 2 1 
The authors assumed from these experiments that reactive hyperemia 
increased the blood flow and also increased the volume of the flow 
Intermittent venous occlusion, on the other hand, produced no increase 
in rate or m volume of blood flow, but the authors could not deny 
the possibility of some chemical changes occurring m the tissues inci- 
dental to the venous congestion 

A similar study was made by Harpuder and Stein,°- who studied 
the effect of mild hyperemia on the extremities of healthy and diseased 
persons For each subject the venous compression was less than 40 
mm of mercury and lasted forty minutes, being then followed by 
release Studies of oxygen, carbon dioxide, lactic acid and total oxygen 
capacity of venous blood were made In healthy adults the oxygen con- 
tent of the venous blood was definitely decreased, whereas m patients 
with occlusive vascular disease it was increased Insignificant changes 
of the carbon dioxide content occurred m healthy persons , however it 
was decreased m only 3 of those with diseased extremities Oxygen 
capacities and lactic acid values changed very little As these values 
changed slightly and returned to normal levels on release, the authors 
concluded that hyperemia did not occur after release of venous pres- 
sures below 40 mm of mercury Studies with the capillary micro- 
scope during compression showed the capillaries to dilate and increase 
in number, but the flow appeared to be slower Clinically, improvement 
was noted in patients suffering from old indolent ulcers, but those with 
gangrene, cellulitis and pain at rest were only slightly improved 

Kountz found the suction pressure form of therapy to be of little 
value in his hands He experimented ^\lth this type of machine on the 
extremities of persons who had just died Blood flow was maintained 
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by a profusion apparatus using especially pi epared animal blood Under 
these experimental conditions be noted that a continuous flow could 
be obtained only if the venous system was full and that such a flow 
was impossible when the venous system was collapsed, even though 
the arterial pressure w^as increased several times He also noted, espe- 
cially in diseased extremities, that the obstruction to the passage of 
blood could be leheved by perfusion of hypertonic saline solution This 
he explained b}^ the idea that the saline solution probably had a dehy- 
drating influence on the swollen capillar} endothelium Having estab- 
lished maximum blood flow m his apparatus, he applied the suction 
pressure machine to the limb Duimg the negative phase of the c}cle 
a definite decrease m the arterial inflow and venous output was noted 
In the limbs of 3 persons, honever, immediately aftei the negative 
phase of the cycle had begun there w^as a slight increase in the arterial 
inflow, whereas immediately after positive piessure was applied, the 
outflow from the venous side was increased He de\ised an apparatus 
containing a series of blood piessure cufts w'hich tended to milk the 
blood into the leg The highest cuff w'as inflated to a pressure of 
40 mm of mercury, and each distal cuff n as inflated to pressures below 
this level The system w'as inflated and deflated e\ery six minutes 
Experimentally he found this machine superior to those of the pa\aex 
type Heat up to 40 C increased the flow about 8 per cent m normal 
extremities but veiy little m diseased extremities Iontophoresis pro- 
duced a similar response The effect of this apparatus on local occlu- 
sion nas studied The increase m flow depended mainly on the location 
and amount of collateral circulation Obstructions below the knee had 
less influence on total blood supply than those above the knee 

From these experimental studies, substantiated by clinical studies 
in association wuth Smith,'’* he believed that three pimcipals should be 
observed in the therapy of occlusive arterial diseases (1) maintenance 
of high ^enous pressure, (2) dehydiation of diseased capillaries to facili- 
tate an easy blood flow and (3) wdien necessary, stimulation of the heart 
and arterial side by hypei pyrexia or by milder means They obtained 
encouraging results using the multiple cuff apparatus on 23 persons 
wifli occlusive vascular disease This group was made up of patients 
with arteriosclerosis and thromboangiitis obliterans In addition, intra- 
arterial injections of hypertonic saline solution w^ere given twice weekly 
Alcohol m the form of highballs was given to those with arteriosclerosis 

94 Kountz, W B , and Smith, J R Observations on Passive Vascular Exer- 
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The patients suffering from thromboangiitis obliterans received intra- 
venous injections of typhoid vaccine It was unfortunate from the 
clinical standpoint that many types of therapy were used m conjunction 
with one another, thus making the evaluation of each type difficult 

Paine and Levitt/® m a preliminary^ study, reported fa\orable 
results m the treatment of patients with acute and chronic thrombo- 
phlebitis by means of intermittent venous occlusion In 11 unselected 
patients relief of pain, tenderness and discomfort was obtained In 
some cases edema was deci eased 

Barker and Counseller ad-vocated absolute rest m bed, application 
of moist heat and elevation for postoperative femoral and iliac thiombo- 
phlebitis This therapy was continued for ten to eighteen days, until 
all evidence of active infection subsided At this time the patient was 
advised to walk about with a supporting bandage, preferably of pure 
rubber, for as long a time as the edema persisted In a group of 54 
patients this routine was adhered to, and 77 per cent of them vere 
able to discard the bandage within three months to a year At that 
time no evidence of chronic venous insufficiency had developed Thir- 
teen per cent were not able to discard the bandage because of slight 
edema, but in none did marked edema, cellulitis or ulceration de^elop 
In a control group of patients, after a similar length of time only 10 
per cent were free from symptoms, 52 per cent presented evidence of 
venous insufficiency, and 38 per cent had developed severe venous insuf- 
ficiency with marked swelling, cellulitis and ulceration A postphlebitic 
neurosis was present in 12 per cent 

ARTERIAL HYPERTENSION 
By Dr Scupham akd Dr Van Dellen 

While there have been no outstanding discoveries during the past 
year in regard to hypertension, the impression is gained that opinion about 
this disorder is crystallizing into definite form Hypertension is no 
longer to be considered a disease but a symptom complex While it must 
be admitted that perhaps the majority of patients with hypertension 
encountered fall into the group with so-called essential hypertension, each 
patient who presents himself with hypertension must be looked on from 
the point of view of etiology'- The endocrine, renal and organic vascular 
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types of hypei tension are definite and distinct etiologic types A good 
classification was piesented by Scott 


Renal 

1 Essential hypertension 

2 Primary renal disease 

(o) Glomerular nephritis (acute and 
chronic) 

(Zi) Pyelonephritis 
(c) Urinary obstruction 
(rf) Periarteritis nodosa of renal 
vessels 

(c) Polycystic renal disease 
(/) Severe amyloidosis of kidney 

3 Coarctaction of the aorta? 

4 Eclampsia? 


Nonrenal 

1 Endocrine disturbances 

(a) Basophilic adenoma of the 
pituitary 

(b) Adrenal tumor 

(c) H>pcrth\ roidism 

(d) Menopause 
(c) Obesitj 

2 Vasomotor disorders 

(a) Increased intracranial pressure 

(b) Psychic disturbances 

(c) Circulatory failure 

(d) Complete heart block 


Wright, Schneider and Ungei leider called attention to a subject of 
which most clinicians are cognizant There are a gieat deal of variation 
in the technic of determining blood pressure and a great deal of variation 
in readings due to differences in perception by persons using the same 
technic This lack of uniformity in methods of observation is of great 
importance, and y\hile it is obvious that personal \ariations cannot be 
controlled, it is apparent that there should be uniformity m technic at 
least In the returns from a questionnaire sent to medical schools, life 
insurance companies and individuals, including inteins, attending staff 
members and graduate students, extraouhnary variations in technic and 
observation weie encountered This lack of uniformit} is to be deplored, 
and the writeis suggested that this is a subject for study by a national 
committee 

Scott”' in a discussion of the renal oiigin of hypertension consid- 
eied the evidence for and against this concept and concluded that the 
evidence, much of it old, all points to the view that essential hypei tension 
is of lenal oiigin when viewed in the light of the experimental hyper- 
tension of Goldblatt 

There can be no question in regard to the lelationship of 
at least ceitain forms of hypei tension to renal disease Hypertension 
in association with chronic nephritis, pyelonephritis, obstiuction of the 
lower urinary tract or polycystic kidneys is definitely accepted as being 
of renal origin That m most instances so-called essential hypei tension 
is of renal oiigin has been asset ted by several writers and questioned by 
others 


97 Scott, R W Hypertension a Century' After Bright, JAMA 111 
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SCUPHAM ET JL—J'ASCULAR DISEASES 


625 


Scott divided clinical hypertension into renal and nonicnal t\pes 
He classified primaiy, oi essential, hypertension as a lenal t}pe He 
stated further that it now appears that the clinical course pursued in 
hypei tension is detei mined primaiily by the vascular disease in the 
kidneys The progress and extent of the \ascular disease in the kidne}s 
determine whether essential hypertension runs a benign or a malignant 
course Sclerosis of the lenal aiteiies and arterioles in his opinion 
leads to the renal ischemia A humoial mechanism produces an inci eased 
muscular tone in the peiipheial arteiioles, which results in an increase 
in aiterial blood pressure The fact that many patients with hypertension 
have no evidence of impairment of renal function does not indicate that 
the hypertension is not of lenal origin He considered the hypertension 
associated with coarctation of the aorta as due to the ischemia which 
results fiom constriction of the aorta above the kidneys 

With this Rytand °° was in agreement He inf ei red that the 
increased peiipheral blood pressure is on the basis of the impaired 
renal blood supply This view is supported by the production of hyper- 
tension m rats by partial occlusion of the aorta proximal to at least 
one renal artery Hypei tension under these conditions Rytand asserted 
occurs only when there is living renal tissue distal to the point of 
partial occlusion Occlusion after nephrectomy never results m h)per- 
tension, and hypertension disappears after nephrectomy even though 
the degree of mechanical obstruction is the same as that necessary to 
produce hypertension when renal tissue is intact 

The view^s of Scott aie shared to some extent by Dicker, w^ho stated 
that diminution of the flow of blood to one or both kidnejs may induce 
hypei tension of long duiation without renal insufficienc} This he 
also held to be of humoral origin Thickening of the vessel walls, such 
as is seen m hypertension in man, he observed in dogs in wdiich hyper- 
tension had been present for a considerable peiiod These animals did 
not show renal insufficiency The arterioloneciosis which occurs m 
malignant nephrosclei osis results m lapid development of renal insuf- 
ficiency in the couise of hypertension He expiessed the opinion that 
this process is the result of a moie severe giade of vascular ischemia 
and at the same time lesults in renal insufficienc} It is pnmarilv a 
vascular disease process 

Page also pointed out, in discussing malignant hypertension, that 
the function of the kidne)s may be but little impaired until late in the 

99 Rvtand, D A The Renal Factor in Arterial H%pertcnsion with Coarcta- 
tion of the Aorta, J Chn Investigation 17 391, 1938 
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course of the disease, while the vascular disturbances may be particu- 
laily outstanding, especially those in the vessels of the fundi He 
noted that often the conduct and emotional stability of patients with 
malignant hypertension is quite m contrast to the emotional instability 
sometimes seen m patients with so-called benign essential hypertension 

PATHOGENESIS 

Wiggers^°" in a discussion of the dynamics of hypertension was in 
essential agreement in regard to the similarity between experimental 
hypei tension and essential hypertension in man He slated that hyper- 
tension may be produced experimenlall}'^ by intracisternal injection of 
kaolin, by section of the moderator nerves, by damage to the kidneys 
by ligation of the ureters and by permanent constriction of the renal 
arteiies It is only the last procedure which is entirely certain to result 
m increased systolic and diastolic pressures He stated “A candid 
evaluation of the leported evidence inclines one to the belief that essen- 
tial and renal hypertension in man are hke^Mse basically due to unknown 
humoral agents, but that, as in tiansient hypei tension of normal indi- 
viduals, A'asoconstriction of ner\ous origin may be supei imposed peri- 
odically or permanently ” He expressed the belief that failure of the 
moderator neives cannot be lesponsiblc for the ner\ous factor The 
experimental hypertension produced by section of the moderator nen^es 
does not resemble human hypertension, wdiereas that of renal ischemia 
essentiall)' does He discussed the nature of peripheral resistance 
accoiding to the concepts of central collectue and effective peripheral 
resistance The latter is the net icsistance offered b) all the arterioles 
collectively The capillary and the venous resistance aie of little or no 
impoitance as factors affecting central resistance during hypei tension 
In order to produce peripheral lesistance sufficient to cause elevation 
in blood pressure such as that found in essential hypertension, there 
must be intensive narrowung of the small vessels in the splanchnic area 
Organic lesions of these vessels aie not sufficiently wndely distiibuted 
to be effective Functional constriction of the artenoles and prear- 
terioles seems to be the essential factor Wiggers advanced the hypoth- 
esis that both in experimental and m human hypertension the functional 
constriction is not limited to the arterioles but pertains to the entire 
arterial tree, with constriction of all the muscular elements This 
in the smaller arteries accounts for increased peripheral resistance, 
while in the larger vessels capacity and extensibility are reduced This 
would account for the lengthening of pulse pressure W'hich occurs m 
all cases of hypei tension Diminished elasticity of the aorta and its 

102 Wiggers, C J The Dynamics of Hypertension, Am Heart J 16 515 
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larger branches lesults in increased ele\ation of the s}stolic pressure 
and some lowenng of the diastolic It certainly occurs m atheiosclerosis 
but probably occurs to some extent also ■when there is little oi no 
sclerotic change in the vessels 

Pickering in a theoretic discussion of high blood piessuie in man 
agieed essentially as to the relationship between chemical and nervous 
factors and the cause of hypertension He was inclined to believe that 
all areas are subject to arteriolar constriction and essentially to the 
same degree He expiessed the opinion that local arterial spasm such 
as has been thought to occui m hypertensive encephalopathy cannot 
occur In his discussion he stated the belief that there is unanimity 
in regard to the presence of functional vasoconstriction as the essential 
cause of the disorder That this is of humoral or chemical origin in 
its essential details seems to be suppoited by the weight of the evidence 
which Pickeiing advanced The absence of a demonstrable pressor 
substance in hypertensive persons is a distuibing consideration It 
can be explained only on the basis that the piessor substance is fixed 
immediately in the vessels or that it is present in very minute quantities 

Katz and Leiter correlated the physiologic and clinical features 
of essential hypertension They found most writers in agreement in 
regard to the relationship of increased peripheral resistance to increased 
arterial pressure and stated that they were essentially in accord with 
the advocates of tins view except that they believed that the nervous 
control of the peripheral vessels is perhaps more important than the 
physical and chemical influences which control the peripheral arterioles 
The peripheral resistance may be mediated locally m the arterioles by 
way of an axon reflex or through the peripheral autonomic ganglions, 
the dorsal root ganglions or the sympathetic and parasympathetic sys- 
tems m general Correlating such effective pathways are the vasomotor 
nerve centers of the spinal cord, medulla and higher centers of the 
brain Both humoral and nervous impulses may be effective m initiat- 
ing responses in these centers Impulses arrive along the afferent 
nerves from the special sense organs, viscera and cardiovascular stiuc- 
tures themselves These may be mediated by any part of the cardio- 
vascular system because, according to Katz and Leiter, the vascular 
end organs are not limited to the carotid arteries and the aorta but 
aie found rather widely distributed in the large vessels The most 
important end oigans are those located in the carotid sinus These and 
the associated nerve supply constitute the moderator mechanism and 
play a most important part in normal control of blood pressure Hyper- 

103 Pickering, G W The Problem of High Blood Pressure in Man, Proc 
Staff Meet , Mayo Clin 14 310 (May 17) 1939 
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tension may result fiom one of two types of causes, either an abnoimal 
moderatoi mechanism, with loss of ability to control the effects of 
ordinary stimulation, oi a normal moderator mechanism subjected to 
successive sti esses exceeding the ability of this mechanism to cope 
with them It is stated that an inherent weakness of this mechanism 
IS its ineffectiveness m response to a chronic, persistent elevation of 
pressure An abiupt transitory stimulus to the moderator end organs 
IS much more effective In the presence of arterioscleiosis and the 
diminution of distensibihty of the vessel Avails Avhich results, the response 
may be much reduced There is no evidence to indicate that the mod- 
erator mechanism is defective in hypertension, but it seems likely that 
m this disease it is exposed to excessive strain which is beyond its 
capacity to control The authors agreed that all types of hypertension 
may be vieAved as the result of a dispropoi tion between strain on the 
moderator mechanism and its ability to cope w'lth such stresses 

They likewise agreed that it does not seem probable that there are 
any changes in the fundamental hemodynamics of the circulation All 
parts of the arterial system arc invohed more or less to the same 
degree 

Errois in classifying elevations of blood pressure are to be avoided, 
and those types of increased pressure secondary to arteriosclerosis, 
hyperthyroidism and other conditions w'lth high systolic and low' or 
normal diastolic pressures must be eliminated to justify the diagnosis 
of essential hypertension 

In discussing the mechanism of essential hypertension these writers 
pointed out that changes in diameter of the small peripheral vessels 
may easily be overlooked on microscopic examination and that very 
minute changes ma}' haAC a profound influence on the blood pressure 
RelatiA'ely small, superficially not apparent changes in tone of the smooth 
muscle of many peripheral A'essels maj' result in a sufficient inciease in 
peripheral resistance to produce and maintain an elcA'ation of blood 
pressure It is necessarj' that the peripheral A'ascular narroAAing be 
universally distributed to maintain hypertension Neurogenic strains 
on the moderator mechanism may be brought about by excessiA'e stimu- 
lation of the A'asomotor apparatus arriving from the sensorium and 
higher centers of the brain Hyperactivity of the A'asomotor centers 
brought about by disease or disturbances in the blood supply to the 
centers may result in increased stimulation of the moderator mecha- 
nism Hyperactivity of the effectiA'e mechanism in the myoneural 
junctions of the smooth muscle of the peripheral blood A'essels may 
exist, but there is no direct CAudence to support the AueAv that such 
increased neurogenic stimulation is constant or complete Hypertension 
may be pioduced by a third method, namely, strains on the moderator 
mechanism of humoral origin, such as that observed in hyper- 
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plasia or tumor of the adrenal cortex However, there is no c\i- 
dence to prove that the substances arising from the hypoph}sib or 
from the adrenal cortex or from the kidney ^^hlch produce sustained 
elevation of blood pressure are mediated by this mechanism The 
authors stated that the assertion that there is a causal connection 
between impairment of renal blood supply and high blood pressure can- 
not be refuted If this impairment is not primarily of an arteriosclerotic 
or other organic cause, it must be on the basis of functional renal ^aso- 
constriction How this vasoconstriction arises and how^ it mediates the 

t 

development of hypertension are still unknowm There is at present no 
way of demonstrating the presence of renal vasconstriction early in 
hypertension 

Weiss in his recent review quoted freely from the review^ of 
Sodeman, but he expressed the opinion that hypertension is a consti- 
tutional disorder in wdiich both hereditary vasospastic and environ- 
mental factors are of considerable importance 

Alexander stated that a definite correlation can be found betw^een 
emotional tensions and fluctuations of blood pressure In the obscr- - 
vation of a patient suffering from chronic mental depression and essential 
hypertension it was found that when the patient w'as in an exceptionally 
calm mental state his blood pressure w^as somew^hat low'er and sbow'ed 
smaller fluctuations, wuth a downw'ard tendency of the average level 
of blood pressure during the period of treatment A psychologic reac- 
tion m patients with hypertension is generally admitted, and a general 
hypertensive type of personality has been suggested Observations on 
psychic factors in hypertension have been recorded by several other 
writers (Miller, SauP°®) It seems reasonable to believe that 
such variations m blood pressure as these authors described are only 
those noted in normal persons and probably are not related to the 
genesis of hypertension 

In reporting observations on a group of patients with hypertension, 
Emerson and Irving stated that “being above the ideal w eight” w^as 
apparently associated wuth Itypertension They indicated that the 
by-products of the incomplete metabolism that accompanies habitual 
overeating w^ere more likely to be factors in the elevation of blood 
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tension A Review, Ps%chosom liled 1 180 (Jan ) 1939 

106 Alexander, F Psi choanalj tic Study of a Case of Essential Hypertension, 
Psychosom Med 1 173 (Jan) 1939 

107 Miller, M L Blood Pressure Findings m Relation to Inhibited Aggres- 
sions m Psychotics, Psychosom Med 1 162 (Jan) 1939 

108 Saul, L J Hostility in Cases of H^ pertension, Ps^chosom Med 1 
153 (Jan ) 1939 

109 Emerson, W R P , and IrMng, J G Hypertension and Health Diagnosis 
Study of One Hundred Cases, JAMA 111 1174 (Sept 24) 1938 



630 


ARCHIVES OF INTERNAL MEDICINE 


pressure than the increase in weight itself They stated that the chief 
cause of hypertension in a gioup of patients who weie not overweight 
was found in their faulty habits in regard to eating Most of the 
patients discussed showed rather moderate increases in blood piessure 
and probably did not have true essential hypertension Apparently 
systolic pressures only were considered, and while observations on sys- 
tolic pressures may be of some importance m examinations with regard 
to health, there is appaicntly little reason to considei them from the 
point of view of hypertension The increases m pressure observed were 
in many instances but little above the average normal for systolic pres- 
suie By continued tieatment with control of diet and correction of 
faulty habits the pressures of the patients under obsei\ation apparently 
fell to lowei levels The authors concluded that in their experience 
hypertension is a symptom Aihich is fiequentlv the result of faulty 
health habits rather than the result of physical defects It is probable 
that patients with essential hypertension subjected to such measures 
would show variations in piessure, but it is veiy unlikeh that the diastolic 
pressuie could be reduced to normal or that it would lemain normal 

It is interesting to note that Hines has been able to observe 
blood pressure determinations on 1,185 persons from ten to tw’cnty 
yeais after initial readings In the great majorit> of those wnth ele\a- 
tion of blood pressure on the original readings hypertension had subse- 
quently developed, -whereas only a very small percentage of those w'ho 
had relatively normal leadings originall) had acquired hjpertension 
in the interval He expressed the opinion that tins is an indication 
that instability of blood pressure is a precuisor of hypertension 

Engle and Binger reported on the effect of acety^lbetameth) Icholine 
injected subcutaneously into noimal and into hypertensive subjects It 
was found that in the normal persons there -was no significant fall m 
arterial pressure, while significant decreases occurred m almost every 
one of the hypertensive subjects When this experiment w’as repeated 
on normal dogs and dogs wuth experimental renal hypei tension, no 
differences w^ere apparent This seemed to indicate that the usual 
type of essential hypei tension in man is of a different type from that 
of renal ischemia 

The writers suggested as a hypothesis that a deficient acetylcholine 
vasodilator mechanism may be a factor m the production of the arterial 
hypertension of man 

110 Hines, E A The Prognostic Significance of Hypcrreactibihtj ot the 
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Keith, Wagener and Barker ”= in a study of a large group of cases 
of hypertension found that these cases could be placed in a definite 
classification according to the degiee of severit} of the disease and its 
clinical course In the cases placed in group I the condition ^\as s}inp- 
toinatic and without impairment of cardiac or renal functions Age ^\as 
not a factor, and biopsy of the pectoral muscle showed little alteration 
m the thickness of the w^alls Group II consisted of cases m which the 
increase in pressure w^as more sustained The retinal arterioles showed 
more changes than were observed in group I. but theie w^as no retinitis 
The cardiac and renal functions w^ere likewise not impaired More 
frequent arteriolar changes were noted in the muscles In group III 
the disease was more severe The pressure w’as high and sustained 
The peripheral arteries were thick and easily palpable The cardiac 
and renal functions w^ere somewdiat impaired Cerebral symptoms weie 
frequent Angiospastic retinitis w'as more common, but edema of the 
disk w^as not present Often marked changes w^ere found on biopsy 
of the arterioles of the muscles The piognosis w^as serious In group 
IV the condition was grave Cerebial, cardiac and renal symptoms 
weie often marked The fundi show'ed marked angiospastic retinitis 
Severe headaches, pains m the muscles and gross hematuria w'ere out- 
standing symptoms Biopsy of the pectoral muscle show^ed variable 
degiees of change A progressive angiospastic mechanism seemed to 
be the outstanding feature 

Heymans reviewed the methods of production of experimental 
hypertension In addition to section of the cardioaortic and carotid 
sinus model ator nen^es, injection of kaolin into the cerebral ventricles 
and pioduction of lenal ischemia, another method is the administration 
of very large doses of vitamin D to dogs This produces piogressive 
increase in arteiial blood piessuie wnth development of arteriolar lesions 
characterized by necrosis of the endothelium, observed particularly in 
the kidne}^ but present also elsewhere 

By producing constriction of the renal artery Wilson and Picker- 
ing^^'* w^ere able to produce acute arterial lesions in rabbits which in 
many were structurally identical wnth those of malignant hypertension 
The degree of hypertension seemed to be the essential factor The 
giea^ raised mtra-ai terial pressure seemed to be the chief determinant 
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of these lesions The defects weie particularly severe in the viscera 
except that there were no defects in the kidney the artery of which had 
been constricted 

In addition to other methods for the production of hypertension, 
Nowak and Walker reported that ligation of the arteries to the 
brain producing cerebral ischemia led to hypertension Such ligation 
must be carefully done 

Fatherree and Hines observed the blood pressure response to 
epinephrine administered intravenously to patients with normal blood 
pressure and to others with hypertension Their obserAations corrob- 
orated those of other workers The effect of epinephrine on patients 
with hypertension is essentially no difleient from that on normal persons 
Furthermore, relatively little change m diastolic pressure vas noted 

Holman and Page^’^'^ m studying the mechanism of experimental 
hj'pertension m dogs found the cardiac output to be unchanged both 
before and after the production of hjpertension by constriction of the 
renal arteries 

Heumans’ studies on the hi pertension produced in dogs by the 
induction of renal ischemia suggested that the humoral factor increases 
the excitability of the peripheral blood vessels to vasomotor constrictor 
stimuli Peiipheral vasconstriction occurs as uell as a disturbance in 
the physiologic mechanism which normally regulates blood pressure 

Glenn, Child and Page demonstrated that there is no definite 
relationship betw'cen the central nervous system and the maintenance 
of hypertension induced by renal ischemia In a series of animals in 
which hypertension had been produced destruction of the spinal cord 
was follo\ved by a sharp fall m blood pressure, which subsequently rose 
to a level above that of normal for the animal but not to the previous 
maximal levels 

Hessel made some careful studies of the physical and chemical 
reactions of renin (a kidney extract) He found definite differences 
in action between this and other pressor substances as far as action 
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on smooth muscle is concerned He obser\ecl continuous Inpertension 
m labbits as a lesult of dail} injections of lenm o^er a period of fi\e 
^^eeks Tins hypei tension persisted for as long as se\en niontbs after 
the injections nere discontinued He was also able to demonstrate 
the pi esence of a pressor substance in blood obtained fiom a renal vein 
of a dog 111 wbicb tins vein previously bad been clamped These find- 
ings may have consideiable significance 

The action of renin seems to be diiecth on the \ascular tiee A 
rise m pressuie ivas observed by Merrill, Williams and HainsoiM-^" 
The pressoi response ivas not alteied b) lemoiing the kidneis imme- 
diatel}’’ before the injection, but a greatei use was obtained if nephrec- 
tomy w^as done two or tbiee days piior to removal of these organs 
Tyramine, as w^ell as renm,^-^’^ causes a use in blood piessuie m 
dogs and rats, with diminution of blood flow and shrinkage of the 
kidneys and little oi no change m lenal volume Renin was found to 
cause a decrease in lenal blood flow, swelling of the kidnejs and an 
increase m the output of urine 

Grossman and Williams^”’'’ found that the kidnejs of }oung rats 
bad a bigliei content of renin than the kidnejs of oldei ones, but the 
aged animals sbow^ed a moie maiked piessoi i espouse to lenm 

Major continued bis observations on the presence of guanidine 
or a similar substance in the blood of peisons with bypei tension and 
again expressed the belief that there is present in their blood a greater 
amount of some such substance than is present in the blood of normal 
persons 

Katz and bis associates made long-continued obsei vations on the 
bypei tension produced by lenal ischemia in dogs They corioboiated 
the observations of Goldblatt and others There aie se\eial points of 
particular interest in their work They found that vaiiabihty in the 
duiation of hypertension was not completely dependent on degree of 
occlusion alone but in pait on functional integrity of the other kidney 
The w'ay in which this efTect is brought about is uncertain The hyper- 
tension IS mci eased and prolonged if the second kidne} is remo\ed 
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Undei these conditions uiemia may develop They found that bilateral 
and sometimes unilateral nephrectomy was followed by transitory hyper- 
tension which they consideied to be of neurogenic origin Interesting, 
cross transfusion experiments of eighteen houis oi more weie carried 
on between dogs having persistent renal hypei tension and bilaterally 
nephrectomized animals No rise in blood pressure occurred in any of 
the nephrectomized dogs, indicating the absence of a pressor substance 
111 the blood oi its presence in extremely small quantities or perhaps its 
marked lability The perfusion of heparini/ed blood in large quantities 
from an anesthetized dog with renal hypei tension into an isolated 
denen^ated hindhmb piepaiation failed to show the presence of any 
pressoi substance 

Hoernei, Fontaine and Mandel studied the effect of expeiimental 
hypertension of nonrcnal oiigin on the kidneys of dogs They induced 
hypei tension b}’’ section of the model ator ncr\es of the carotid sinus 
and the aoitic depressors according to the method of Fleymans They 
found that the}’’ could produce b} this method a permanent form of 
hypertension Eighteen to t\\ent}-foui months later they tested the 
renal function of these dogs and found no clinical evidence of impair- 
ment They then performed unilateral nephrectoni} , and histologic 
examination of these kidne}s failed to show any lesion which could be 
attributed to hypertension 

Prinzmetal, Friedman and Abramson obtained saline extracts of 
ischemic kidneys and found that greater pressor effects followed the 
use of these extracts than that of extracts of the contralateral control 
kidneys Similai extracts of spleen and muscle exhibited no pressor 
qualities Saline extracts of the kidneys of 21 patients with hyperten- 
sion produced more definite piessoi effects than extracts of the kidne\s 
of persons wdio had normal blood piessures 

Cross tiansfusion expeiiments made b} Friedman and Prinzmetal 
on patients wuth malignant hypertension and noiinal persons failed to 
show' any evidence of significant change in blood pressure Blood plasma 
from a patient wdio had an adrenal pheochi omocy toma had a marked 
effect W'hen injected into the ear vein of a rabbit 

Rabbits’ ears pei fused wnth plasma from patients wnth h}pertension 
levealed no piessor effect, noi did blood or plasma obtained fiom dogs 
w'lth lenal ischemia In fact, a depressor effect w'as sometimes noted 
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ENDOCRINE TYPES OF HYPERTENSION 

H3peUension, both of the pai oxysmal and of the persistent type, ni 
association with disease of the adrenal glands had been reported pic- 
viously by Nuzum and Dalton They ha\e now reported 2 additional 
cases One of the patients, 62 yeai s of age, became decompensated 
with low blood piessure Subsequently hypertension gradually de\ el- 
oped ovei a peiiod of a month The increased pressure was maintained 
for seveial months, until death At autopsy there was marked hyper- 
plasia of the adrenal cortex as w^ell as coitical adenoma The second 
patient presented a pictuie faiily typical of chronic pheochroinocytoma 
The authois discussed and review^ed the pieviously leported cases of 
hypertension associated wnth adienal tumor or disease 

Similar cases are being leported wnth increasing fiequency as the 
clinical s}ndiome becomes bettei knowm and the condition is considered 
by clinicians (Brunschwng, Humphreys and Roome,’-® Pahnei and 
Castlemen) 

Bisgaid,^®° studying a group of patients wnth hyperth} roidism, found 
two t3’’pes of associated hypertension In these patients the blood pres- 
suie w^as usually significantly elevated above that wdiich might be 
expected on the basis of hyperthyioidism alone In some of the patients 
the elevation in blood pressuie w^as not influenced by thyroidectomy, 
although symptomatic relief occuired The blood pressure, both sys- 
tolic and diastolic, remained high In a second group, after thyroid- 
ectomy both systolic and diastolic pressures leceded to a lower level, 
either normal oi nearly noimal, where it usually remained, m some 
of the patients there w^as a subsequent use Theie w^as an abnormal 
response to the cold piessoi test m these patients, as well Bisgard 
expiessed the belief that the lelationship of h3'perthyioidism to 113 per- 
teiision in such patients is merely pro\ocalne, that hyperthyioidism 
merely exaggeiates or precipitates latent h3'pertension No lelationship 
w^as found between the height of the maximal arteiial blood pressuie 
and basal metabolism 

127 Nuzum, F R-, and Dalton, T W Paro\\smal and Persistent Hyper- 
tension m Association wnth Lesions of the Adrenal Glands, A.ni Heart J 16 
643 (Dec) 1938 

128 Brunschwig’, A , Humphreys, E and Roome, X Relief of Paro\\smal 
Hy'pertension by Excision of Pheochromocy toma, Surgery 4 361, 1938 

129 Palmer, R S , and Castlemen, B Paraganglioma (Chromaffinoma, Pheo- 
chromocytoma) of Adrenal Gland Simulating Malignant H\pertcn‘:ion Report 
of Case, New England J Afed 219 793, 1938 
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Van Bogaeit and van Baarle^^- studied the relationship of hyper- 
tension to the hypophysis They examined the spinal fluid of 19 
patients and found no evidence of the presence of estrogenic substances 
except in the fluid fiom a patient with eclampsia \\ho presented obesity 
and hypertrichosis They concluded that there vas no direct cause and 
effect lelationship between hypertension and h}poph}sial disease 

Kylin and von Koianyi^^^ expressed the belief that the theory of 
the pituitary oiigin of hypei tension and diabetes has been stiengthened 
as a lesult of then observations on rabbits into Minch pituitai} glands 
Aveie transplanted They found a rise in blood piessure m such ani- 
mals The blood piessuie fell aftei a peiiod of several months onl} to 
use again to lathei high le\els after an mter\al of six months 

Blood P) essm e-Rofung RcflcxcK — Of the blood piessuie-raising 
reflexes, the one most fiequentl} studied and best known is the cold 
piessoi test of Hines and Blown Recent!} I-Iines^'” called attention 
to the fact that various m\ estigators using this test ha\e vaiied the 
technic and have yet used the ciiteiia of Hines and Blown lor inter- 
pietmg the lesults I-Jmes expressed the opinion that am significant 
change m technic should be attended b} the establishment of a new 
set of standaids He held that the technic is being incorrect!} applied, 
and as a consequence variations m results aic being leported Hines 
listed certain piecautions to be obserxed m cair}ing out the test The 
subject should be lying down If other positions are used the eftect 
of postuie should be consideied Appiehcnsion on the part of the 
subject should he pi evented b} a caicful explanation of what is to be 
done The subject should not haxe taken sedatives or xasodilator diugs 
within a period of twenty-four houis The subject is allowed to rest 
in a quiet room foi tw^enty to sixt} minutes Sex era! readings of blood 
piessure are taken until a basal lex'cl has been appioximated In the 
presence of hypertension a longei period of lest ma} be necessar} The 
cuff of the sphygmomanometer is applied to one aim, and the opposite 
hand is immersed to just abox'c the xvrist m ice xxatei The temperature 
of the bath should be 4 C With the hand still m the xxater readings 
of blood pressure are taken at the end of thn ty and sixty seconds The 
higher of the txvo readings obtained xx'hile the hand is m the xvater is 
taken as an index of the response As soon as the sixty second i eading 
has been made, the hand is lemox^ed from the ice xvater Readings are 

132 V an Bogaert, A , and x an Baarlc, F Hx pcrtcnsion artenclle et hormones 
hypoplwsaiies x^asopressix cs et gonadotropcs, Acta ined Scandinax 9G 56, 1938 

133 Kylin, E , and x'on Koranxi, A Studies on Blood Pressure and Blood Sugar 
m Rabbits into Which Pituitarx Glands Were Transplanted, Klin Wchnschr 17 
668, 1938 

134 Hines, E A , Jr Technic of the Cold Pressor Test, Proc Staff Meet, 
Mayo Clin 14 185, 1939 
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taken every two mtnutes until the blood pressuie returns to its prcMOUs 
le\e] The maximal response usually occuis A\ithm thirl) seconds, and 
in a normal subject the pressure usual!) returns to a basal level within 
tw'O minutes aftei the hand has been remo\ed fiom the cold watei 
The leturn is often delayed in the piesence of established hypertension 
The diastolic response is more reliable than the s)Stolic Both s)stolic 
and diastolic readings should be considered Inasmuch as the test is a 
measuie of vasoconstiictor tone, the diastolic leading alone is not an 
adequate ciiteiion According to Hines’s obscivations, a s)slohc use 
of 20 mm of meicuiy w'lth a diastolic use of 15 mm oi more indicates 
h) pel 1 eacti vity A maximal use of above 140 mm of mercury s)Stohc 
and 90 mm diastolic is definite evidence of h) perreactivity of the 
vasoconstiictor mechanism 

Hiiies and Roth obseived the elfect of tobacco on the blood pres- 
suie as measured by a standard smoking test A rise m blood picssuie 
w’as noted in the majoiity of peisons tested Successive uses icsultcd 
aftei smoking only m subjects wfiio had evidence of inheient h)pei- 
reactivity of the vasculai system as measuied by the cold piessoi test 
They expiessed the opinion that these obseivations should be intei- 
pieted as indicating that this is not the lesult of a known specific stimu- 
lus acting on a hypeneactive vascular system but is the lesult of the 
piesence of some substance in tobacco smoke which diiectly causes 
vasoconsti iction 

Hammer and Schulte haie made obsenations of the effect on 
blood piessuie of piostatic massage Among 378 patients, theie w'as 
an incieasc in systolic and diastolic piessuie in 75 per cent, while m 
23 pel cent there was a deciease Theie wns an incieasc in pulse 
late m all With 50 subjects in whom these icsults weic obsened 
the cold piessoi test w^as also done The use in blood piessuie obseived 
was gi eater, as w'as the inciease m pulse late, following piostatic mas- 
sage than 111 the cold piessor test In a fan propoition of the subjects 
a hypeiiesponse occuiied follow’ing each piocedure This lesult is simi- 
lai to that obseived following cold and tobacco smoking 

As anothei type of lefiex, Moore and Allen made some obseria- 
tions on the caiotid sinus reflex in hypei tension They found some 
vaiiation m difteient gioups of h)peitensne peisons and expressed 
the belief that elevation of blood piessuie may have difleicnt mechan- 

135 Hines, E A, Tr, and Roth G M The Effect of Tobacco on the Blood 
Pressure as ^Measured b\ a Standard Smoking Test, Proc Staff Ifcct , Ma\o 
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isms In these groups they found m the presence of hypei tension a 
lOUgh parallelism between the effect of carotid sinus pressure and the 
effect of the administration of vasodilatoi and sedative diugs Carotid 
sinus pressure, therefoie, may he used as an additional method for the 
determination of the liability of blood pressuie 

The work of Alain and Smirk concerning the blood pressure- 
raising leflexes in health and in hypertension is of consideiable interest 
and importance In the past yeai the)'’ continued observations similar 
to those previously lepoited An impoitant blood piessure reflex was 
demonstiated in their \\ork This consists of exercise of the muscles 
of an extremity performed during anest of ciiculation Such a pro- 
ceduie results m a geneial S3'stemic rise of blood pressure as A\ell as m 
the pioduction of pain in the exeicised muscles The elevation in blood 
pressuie and the pain in the muscles both persist aftei cessation of the 
exeicise if the circulation to the extiemit) remains arrested Both 
lesults aie ijropoitional to the amount of exercise during the ischemia 
The rise in blood piessure is of leflex origin and occurs before the 
appearance of pain in the exercised muscles 

Vaiious other sensoiy stimuli for the production of pain ^\ele 
employed Some of these cause much pain but little rise m blood pres- 
suie, others cause less pain but pioduce some increases in s)stemic 
pressure Reflex increases of blood pressure were found to be set up 
by impulses arising fiom voluntaiy muscle which failed to cause pam 
or discomfort Rises m blood pressure in the same peison undei simi- 
lar conditions show'cd no con elation with the amount of pain The) 
concluded that the reflex use m blood piessure resulting from this 
proceduie is not dependent on the pain produced The effect of these 
pioceduies w'as obser\ed m a patient having a lesion of the spinal coid 
in whom theic was an interruption of the sensor) pathwa) m the 
affected extremity Exercise of this cxtiemity duimg the enculatoiy 
airest lesulted in no elevation m blood pressuie, while in the normal 
extremity the usual use occuiied It would seem that the authors 
are coiicct in concluding that their obsenations in this case confinn 
the belief that such incicase m blood piessure is the result of a reflex 
w'hich results from the accumulation of metabolites in the muscles of a 
noimally inneivated leg 

These investigatoi s studied this leflex in peisons with hypertension 
of the essential type as Avell as m those having definite lenal disease 
They employed, in addition, the cold pressoi test w'lth immersion of 

138 Alam, M , and Smirk, F H (o) Blood Pressure Raisingf Reflexes in 
Health , Essential Hypertension, and Renal H\ pertcnsion, Clin Sc 3 259 (Aug ) 
1938, (i)) Unilateral Loss of a Blood Pressure Raising, Pulse Accelerating 
Reflex from Voluntar}-- Atuscle Due to a Lesion of the Spinal Cord, ibid 3 
247 (Aug) 1938, (c) Observations in Man Concerning the Effects of Different 
Types of Sensor}-^ Stimulation upon the Blood Pressure, ibid 3 253 (Aug ) 1938 
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two thirds of the forearm and the arrest of circulation Circulator}, 
ariest during immersion caused the temperature of the arm to fall moie 
lapidl} than wdien the ciiculation was free, because the degree of cold 
attained w'as dependent on the rate of flow of blood through the arm 
The}' pointed out that under the conditions of circulatoi} arrest the 
actual stimulus is of constant mtensiU, and its eftectneness \aiics 
according to the sensitnity of the subject to cold This method was 
compared with exercise of an ischemic limb With normal pet sons 
both blood pi essui e-raismg reflexes were found to be greater m their 
effect 111 old than m young subjects wdien the systolic blood pressure 
alone w'as obseived The rise m diastolic pressure w'as approximate!} 
the same foi both age gioups In persons wdio had chionic nephritis 
w'lth hypei tension the effects on both systolic and diastolic pressuies 
w'eie found to be less than those obseived m normal subjects of the 
same age group Laige rises m pressuie were more frequent m the 
patients with essential hypertension than m noimal controls of the same 
age gioup HoweAei, large uses w'ere found m a few noimal subjects 
and only small rises occuired in some persons w'lth hypertension This 
w'ould indicate that high leactivity to such a blood pressure-raising 
leflex cannot by itself explain a high level of resting blood pressuie 
Such a high degree of reactivity may expiess itself, therefore, m daily 
life by remarkable vaiiations in blood pressuie This may, perhaps, 
sometimes lead to permanent hypertension The w'nteis stressed the 
fact that the aveiage blood piessure of subjects showing a high degiee 
of leactivity is no gi eater than the aveiage blood pressuie of subjects 
with a low' degiee of reactivity They found the incidence of high reac- 
tivity among then patients m an Egyptian hospital practice much gieatci 
than the incidence of hypei tension 

In noimal subjects exeicise of an ischemic arm lesulted m eithei 
no change or slight slow'ing of the pulse rate In patients with h}per- 
tension the pulse rate usually increased This is in contrast to what is 
usually obseived This reveisal of the blood pressure-pulse rale lela- 
tionship m hypei tension might he of considerable impoitance if it could 
be shown to be due to a change in the leactions of a deprcssoi 
mechanism 

Thus it would seem that such blood pressure-raising reflexes aie 
to be legarded as mdicatois of a hypei i eactive state of the lasomotor 
mechanism lathei than as an essential pait of the mechanism of the 
pioduction of essential h}pei tension, unless it may be consideied that 
such a tendenc} tow aid Aasoconstiiction is the piecuisor of the actual 
change wduch lesults m hypertension The blood pressure-iaismg reflex 
of Alam and Smiik is mterpieted by them as being one of the natural 
defensne mechanisms of the body designed to increase the rate of 
blood flow' through fatigued muscles by raising the general blood 
pi essure 
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Normal persons and persons with hypertension were subjected to 
inhalation of carbon dioxide by Hardgrove, Roth and Brown The 
pressoi reaction from this procedure was determined in both groups 
A definite rise m blood pressure ■\\as found There were no significant 
differences m the two classes of peisons except that with the application 
of cold there was a greater rise in pressure in those with hypertension, 
particularly if the condition was m the early stages In the more 
advanced stages this rise was less marked Such an observation might 
be the result of reflex transmission of a peripheral stimulus to a more 
highly reactive vasomotor center m the hypertensive person Why this 
should occur is still obscure 

Leiter reported 2 unusual cases of renal hypertension One of 
the patients was a man of 40 who showed a rise of systolic and diastolic 
pressuie Only foui months elapsed between the fiist use in blood 
pressure and the patient’s death At autopsy extensive atrophy was 
noted m the kidnej'^s, which apparently was dependent on occlusion of 
the corresponding arcuate and interlobar arteries The occlusion of 
these vessels was apparently sufficient to result m ischemia of at least 
portions of the kidney, and thus the condition appeared to be similar 
to the Goldblatt type of experimental hypei tension The cause of the 
arterial disease is not clear, although the patient had syphilis In the 
other patient the analog}’’ to experimental hypertension was still more 
striking m that the left renal artery \vas completely occluded by an 
arteriosclerotic plaque and the right renal artery was markedly nar- 
rowed Apparently hypei tension m this case had persisted over a long 
period 

Similar cases aie being repoited with increasing fiequency, such as 
the one described by Blatt and Page,^“ m which the renal arteries 
were constricted b} a lymphosarcoma Freeman and Hartley 
obsers^ed a patient with hypertension who had a solitar}q ischemic kidney 

Schroeder and Steele found some abnormality of the urinary 
tract in 50 of 79 patients vith hypertension They were able to dem- 
onstrate these defects by means of intravenous pyleograms This seems 
to be an astonishingly high proportion showing renal invohement with 
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hypei tension No doubt such abnormalities occur Avith sufficient fie- 
quency in association with hypei tension to make it necessaiy that they 
be considered m every case of this disease 

PATHOLOGY OF liYPERTENSION 

Many wiiteis have duiing the past hundred years consideied the 
cause and effect relationship of the aitenolar changes found not only in 
the lenal structures but in the general and systemic arteiioles Keith 
and his co-workers at the Mayo Clinic have been impressed with the 
relationship of alterations in the structure of the arterioles to hypei - 
tension In the past year the}'' continued their pathologic studies of the 
aiteiial system in severe hypertension and became convinced that, 
legaidless what the cause of hypertension may be, in the later stages 
of the disease theie are widespiead aiteiial and particularly arteriolar 
lesions 

Odel studied the structural changes in the artei loles of the myo- 
cardium in patients with hypertension in the malignant phase These 
alteiations they found to be similar to those described as occurring in 
the arterioles of the pectoial muscle These changes do not occui with 
any degree of consistency and aie not present in every such patient, and 
when they are found they aie less marked m the myocardium than in 
othei organs of the same person Theie are also marked variations in 
the degree of change in diffeient persons, as well as m vaiious vessels 
of the myocardium of the same person Chronic diffuse fibrosis was 
found to involve the myocardium of patients with malignant hyper- 
tension more commonly than that of patients having less seveie types 
of aiteiial hypei tension 

Moilock^^^ studied the arteiioles of the viscera m similai groups 
and found a definite inciease m thickness of wall and reduction of the 
ratio of wall to lumen in the arterioles of hypertensive subjects This 
was severe proportionally to the severity of the hypertension Hyper- 
plasia of the nuclear elements of the media appeared to be an earlier 
change, while degeneiation and fibrosis occui red later The arterioles 
of the pancreas, liver, gastrointestinal tract and spleen were observed 
The contrast between these vessels in normal persons from youth to 
old age and those in hypertensive subjects was definite 

Rosenberg reported on the cerebral vessels in patients with malig- 
nant hypertension and pointed out that in the biain as elsewhere 

144 Odel, H M Arteriolar Changes in the Myocardium m Diffuse Arteriolar 
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m the bod}’’ there is a definite separation of the findings in arterio- 
sclerosis of the larger vessels and the vascular effects of hypertension 
Two major pathologic processes which affect the brain of a patient with 
malignant hypertension are hemorrhage and thrombosis In some cases 
small spotty hemorrhagic areas are distributed throughout the brain 
structure These are usually associated with small infarctions In 
other cases numerous minute capillaiy hemorrhages occur, often so small 
as to be seen only on microscopic examination Such capillaiy hemor- 
rhages are probably responsible for considerable irritation of the brain 
Both large infarctions and multiple miliary infarctions were noted 
Edema of the brain and increase in the quantity of intracranial fluid 
seemed to occur rather frequentl)'- The finding of many small cortical 
lesions may furnish an explanation of the convulsions noted in many 
of these cases Cerebral arterioles were found to be altered maikedly 
m such cases of malignant hypertension These changes resembled 
those found m the arterioles of other viscera and consisted of an increase 
m thickness of wall and a reduction of the i atio of wall to lumen Cei e- 
bral phenomena of malignant Itypei tension, often designated as the 
cerebral crises of hypei tensive encephalopathy and often ascribed to 
vasospasm, seem much more hkel}'- to be on the basis of such v idespread 
destructive aiteriolar or capillary lesions, either infarction oi hemor- 
rhage, or both There is no anatomic evidence that vasospasm occurs 
Vasospasm has been observed in the retinal arteries by ophthalmic exami- 
nation, but in the opinion of Kernohan it does not persist sufficiently 
long to destroy nerve cells of the retina and impair vision He likewise 
thinks that the thickening of the walls of the arteiioles cannot be the 
cause of hypertension This thickening is to be considered compen- 
satory hypertrophy of the musculature of the media When the walls 
have become sufficiently thick that nourishment is diminished, degeneia- 
tion follows Necrosis and liquefaction of the media may occur with 
lesser degrees of impairment of nutrition Fatty degeneration may occur 
and minimal amounts of fibrosis develop Endothelial proliferation is a 
late occurrence 

Rosenberg, Keith and Wagener repoited 2 interesting cases of 
widespread arterial disease Both patients showed elevation of blood 
pressure Diffuse arterial disease was the cause of death in both In 
one the course was rapid and hypertension was sustained The clinical 
manifestations were those referable particularly to the central nervous 
system, retina, heart and kidneys The phenomena exhibited were 
on the basis of simultaneous involvement of the arterioles in all these 

147 Rosenberg, E F , Keith, N M , and Wagener, H P Diffuse Arterial 
Disease with Hypertension Two Unusual Cases of Contrasting Types, Arch Int 
Med 62 461 (Sept ) 1938 
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sti uctures — on the basis of spasm or of acute oi chronic pathologic reac- 
tions in the majorit}’" of the arterioles Fever and leukoc}h:osis with 
marked toxemia and inflammatory-hke lesions m the small arteiies 
suggested that the disease was one of an infectious or toxic origin 
involving the arterioles and resulting in severe hypertension In the 
second patient the clinical course was very much slower The hyper- 
tension was rather mild, v ith the development of atherosclerotic lesions 
in the arteries The disease picture terminated with the development 
of thromboses in the vicinity of the atheromatous lesions The funda- 
mental change in the second patient was that of ai tenosclerosis Hyper- 
tension in this patient was relative^ mild, without marked increase m 
diastolic pressure, while in the first patient hypertension was severe and 
diffuse involvement of the arterioles was the outstanding defect This 
IS in contrast to Shapiro’s case,^"*® m which hypertension had been present 
for more than twenty-five years At autopsy there were no alterations 
in the stiucture of the arterioles of the kidneys 

A CRITICAL REVIEW OF THE SURGICAL TREATMENT 
OF VASCULAR DISEASES 
By Dr deTakAts and Dr Beck 

The literature contains no report of drastic departures from accepted 
methods of treatment, some of the enthusiasm shown in the reports of» 
previous years is giving way to sober evaluation of the results obtained 
The importance of close cooperation between surgical and medical 
groups and the value of combining physical therapy, drug therapy and 
operative procedures are becoming more and moie obvious 

w> 

PARAVERTEBRAL BLOCK 

The tieatment of patients with apoplexy by infiltration of the 
stellate ganglion with procaine hydrochloride, as originally conceived 
by Leriche, was e%aluated by Mackey and Scott In 19 patients 
stellate infiltration was carried out by the posterior route, and 9 of 
them showed definite improvement In 1 patient an inadvertent intra- 
venous injection almost caused death from respirator}^ failure In 
older patients with severe cerebral hemorihages the method has failed 
Patients with ceiebral thrombosis may show some improvement The 
ideal patient for this type of treatment is a young person with cerebral 
embolism The injection should be given as soon as possible after the 

148 Shapiro, S Report of Case of Essential H}'pertension of More Than 
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onset of apoplex)'-, as its puipose is to relieve the collateial edema around 
the vascular occlusion and theieb)'^ diminish the extent of residual 
damage Onl}'^ negligible improvement can be expected fiom treat- 
ment begun as late as twent3^-four hours after the onset 

In our expel lence the anteiior approach for injecting the stellate 
ganglion is simpler If the method is to become useful, it must be 
taught to the medical lesidents in hospitals, who can be ready to inject 
the ganglion on the side of the accident within a shoit time Huge 
mtia\entiicular hemorrhage, with increasing coma and Cheyne-Stokes 
respiration, will olmously he unaftected, as in 1 patient under oui 
obseiwation, but if mti avascular oi intiaspmal injection is avoided the 
treatment should do no harm The dramatic lecoveiies of some of 
the patients described b} Macke} and Scott stimulate moie extensive 
tiial of the method 

In stiict analog} nith the idea of leleasing collateral vasospasm 
and edema of the brain m cerebial thrombosis is the suggestion of 
Ochsner and DeBake},^““ again based on the idea of Leiiche, that 
tin ombophlebitis causes edema not onl} because of \enous and lymphatic 
block but because of a reflex spasm of veins, aitenoles and arteries 
This vasospasm manifests itself by a decrease in arteiial pulsations, 
cooling of the digits and increased permeabiht} of the ^asculal endo- 
thelium, which 111 turn leads to an outpouring of fluid high in protein 
The authors reported 17 cases m which following one or several injec- 
tions of procaine hydiochlonde to the sympathetic chain a lapid dis- 
appearance of pam, feiei and edema were observed The patients got 
out of bed m a few days and evidence was presented that no lesidual 
edema developed, in spite of the fact that no elastic support was 
pi escribed If this piocedure can reall} prevent the cumbersome and 
painful thrombophlebitic mduiations and ulcerations, it will mean a 
marked advance in the treatment of thrombophlebitic edema 

It should be pointed out, howevei, that not all patients show clinical 
evidence of such reflex spasm of vessels In fact, some of them exhibit 
signs of vasodilation To make paravertebral injections requiies a 
certain amount of stud} and practice A successful block of the sympa- 
thetic chain should be followed by a use m the temperature of the 
skin and a cessation of sweating in the limbs whose sympathetic nerAe 
supply IS blocked 

In previous reviews we emphasized the impoitance of the spasm 
of collateral vessels when arterial path^\ ays become suddenly obsti ucted , 
heat, suction and pressure as well as injections of jDapaveiine hydro- 
chloride have been recommended to OAercome this reflex efiect When 

150 Ochsner, E W A, and DeBake}^ M Treatment of Thrombophlebitis 
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the interval of time for embolectomy has passed, arteriectomy may be 
pioposed It might be worth while to add block of the sympathetic 
pathways to these methods as clearcut expeiiments ha^e shown the 
piotective effect of sympathectomy following arterial ligations 

But the interruption of these vasculai leflexes may have moie than 
a tempoiary effect Elsewhere one of us (G de T ) drew attention 
to a gioup of lefiex dystrophies^'’^ in which a reflex is activated by 
some focus of irritation, such as a thiombus, this leflex does not 
subside when the original exciting cause disappears but becomes a 
fixed, self-perpetuating mechanism leading to so-called traumatic edema 
painful osteopoiosis oi Sudeck’s atrophy It remains to be seen 
\\hether eaily interruption of these leflexes may not prevent the cir- 
culatory distuibances which are encouiiteied following ^ascular accidents 
Only recently Villaret and Cachera studied the vasomotor phenomena 
of the biam consecutive to embolism and found that the vasomotor sys- 
tem was gieatly distuibed, thus possibly contiibutmg to the late sequelae 
of ceiebral accidents 

Seveie paioxysmal tachycaidia, following appendectomy and leading 
within a few houis to cardiac failure, was sucessfully aborted by Leibo- 
vici, Dinkin and W ester with an injection of procaine hydrochloride 
into the left stellate ganglion The pulse promptly fell from 180 to 72 , and 
the blood piessuie, which had been gradually falling fiom 130 mm sys- 
tolic and 80 mm diastolic to 80 mm systolic and 50 mm diastolic, also 
returned to noimal The 29 yeai old patient nevei had another attack, 
and an electrocai diogram taken a few weeks latei show'ed no aberration 
fiom the normal The authois collected 8 cases of sinus tach}caidia 
and 5 cases of paioxjsmal tachycardia in which ganglionectomy oi 
injection of piocaine hydrochloride w-as done A¥ith the paroxysmal 
type the block of the sympathetic nerves was less successful than with 
the foimei In this particulai case, moiphme, camphoi, ouabain and 
qumidine were all tried, as w'ell as ocular and carotid sinus compres- 
sion, wuthout avail, before block of the stellate ganglion w’'as undei- 
taken 

151 Griffiths, D L E Arterial Embolism, Lancet 2 1339 (Dec 10) 1938 

152 Mulvihill, D A , and Harvey, S C Studies on Collateral Circulation 
I Thermal Changes After Arterial Ligation and Ganglionectomy, J Clin Investi- 
gation 10 423 (Aug) 1931 

153 de Takats, G Reflex Dystrophy of the Extremities, Arch Surg 34 939 
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154 Villaret, M, and Cachera, R Les repercussions \asculaires tardives de 
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155 Leibovici, R , Dinkin, L, and Wester Acces post-cperatoire grave de 
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PHLEBOTOMY FOR ILIOFEMORAL THROMBOSIS 

Kulenkampff reported 61 cases in which he probed and extracted 
a thrombus from the femoral vein through an opening m the saphenous 
An analysis of his cases shows that in many the operation was pre- 
mature or unnecessary, as little was found outside of thickened 
adventitia or periphlebitic exudate Nevertheless in a well selected 
case, especially if a pulmonary shower has already occurred, the opera- 
tion should be senousl)'’ considered, as sometimes the second or third 
embolus proves to be fatal Our own experience with this method 
IS limited, and more exact indications will have to be worked out m 
the future The operation is easily pei formed, does not necessitate 
a venous suture and does not result m obstruction of the deep veins 
Lawen approached such a thrombus through an incision of the 
femoral or iliac vein with temporary proximal occlusion of the vein 
This procedure requires a venous suture, and it seems to us that the 
chances of lenewed thrombus foimation are thereby gieatly increased 

These two procedures undertaken for bland, static thrombi are 
not comparable to those reported m last year’s review for ligating 
veins proximal to septic thrombi These were undertaken to prevent 
feeding of septic material into the blood stream 

USE or HEPARIN IN SURGICAL OPERATIONS ON BLOOD VESSELS 

Murray and Best published the far reaching results of their ani- 
mal experiments, which show that arterial anastomosis, venous graft 
into an arterial segment and arterial embolectomy can be readily per- 
formed without the formation of a thrombus, provided the animal has 
received sufficient amounts of heparin either m the local vasculai 
segment or in the systemic circulation According to Murray, embo- 
lectomy in man can now be performed even after the lapse of a day, 
since the reformation of the clot can be prevented by heparin 

Since the advent of the puiified product, heparin can be safel}^ 
administered to the patient intravenously The ordinary intravenous 
drip IS used, and to the salt solution sufficient hepaiin is added to 
increase the clotting time of the blood of the patient to about fifteen 
minutes Usually hepaim is added m the proportion of 10 units of 

156 Kulenkampff, D Die Verhutung schwerer und todlicher Embolien durch 
Ausraumung der Vena iliaca, Arch f klm Chir 193 727, 1938 

157 Lawen, A Weitere Erfahrungen uber operative Thrombenentfernung bei 
Venenthrombose, Arch f klin Chir 193 723, 1938 

158 Scupham, G W , de Takats, G , Van Dellen, T R , and Beck, W C 
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heparin to 1 cc of salt solution, in the average patient this solution 
should lun at about 25 to 30 drops a minute 

At piesent the expense of the mateiial and the difficulties encoun- 
tered m its shipment from Canada lestiict the use of this highly 
significant product Whethei it will have wide application in the 
prevention and treatment of postoperative thrombosis, pulmonary 
embolism, coronary thrombosis and ceiebral thiombosis is yet to be 
seen; in sutuiing of blood vessels, howevei the indications for it aie 
so clearcut and striking that its routine use will bring about marked 
improvement in results The sutuiing of aneuiysms and the closing 
of aiteries fiom which emboli have been exti acted are gieatly facili- 
tated by the use of hepaiin This is a most impoitant coiitiibution 
to vascular surgeiy 

PROCEDURES FOR THE TREATMENT OF ANEURYSMS 

Aiteiwvenous Aneurysms — Reid and McGuiie®'’ analyzed 21 
cases of aiteiio venous and 9 cases of ciisoid aneuiysm, and supple- 
mented their analysis by experimental observations m dogs In 16 
of the cases of arteriovenous aneurysm operation was done, and in all 
except a case of pulsating exophthalmos the condition was cuied In 
2 instances the aneuiysm healed spontaneously In all of the 9 cases 
of ciisoid aneurysm operation was done, and in 3 the condition was 
cuied and in the other 6 it was moie oi less impioved There weie 
no deaths in the entire senes of 30 cases 

Their physiologic observations have been discussed m a previous 
pait of this review Extensive clinical obseivations were presented 
on cardiac damage, thinning and dilatation of the proximal arteiy, cir- 
culation time, blood volume, the bradycardic phenomenon on closure 
of the fistula, alteiations m blood pressure, venous pressures and the 
extent of collateral circulation In addition, theie is a wealth of impor- 
tant technical suggestions Two new methods of dealing with these 
exceedingly complicated artei lovenous fistulas are presented In addi- 
tion, the pioper time to operate and the standard curative pioceduies 
are discussed 

Not only is this contribution a gieat source of infoimation to the 
surgeon, but it emphasizes the extent to which the cardiac damage 
can be reveised by permanent closure of the fistula It must be regarded, 
together with the previous ai tides of the senior author and those of 
Halsted, Matas and Holman, as the foundation of all present knowl- 
edge on the subject It also contains a number of interesting data on 
the physiology of circulation 

Aiterial Anew y sms — A subclavian aneuiysm producing gangrene 
of two fingers and caused by a cervical rib was reported in a young 
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\\ Oman m hei early twenties Resection of the sac and removal of 
the supernumerary iib effected a cure In a patient with a similar 
lesion, but who was much older, one of us (G de T ) perfoimed 
proximal and distal ligation of the artery with scalenotomy We 
have come to regard a roentgenogram of the cervical spine as an almost 
routine procedure m any case of arterial obstruction of an upper extrem- 
ity Oblique views dnected upward and medially will show such a 
rib most clearly The study of 1,000 thoracic i oentgenograms of chil- 
dren revealed an incidence of cervical rib m 1 2 pei cent A car- 
tilaginous connection between the seventh tranverse piocess and the 
first rib, however, will not be lepresented m roentgenogiams 

Popliteal aneur 3 '’sms are again leceivmg attention While Kimp- 
ton and Sanderson repoi ted successful suture of such an aneurysm 
with imbrication m 2 cases, Yatei reported that m his cases the 
aneurysm ruptured and amputation became necessary 

Dandy contributed anothei important article on the treatment 
of mti acranial aneurysms He presented 3 cases of aneurj^sm of 
the intracranial portion of the internal carotid arteiy In each case the 
aneurysm was alongside the carotid arteiy as it came through the 
cavernous sinus In each instance it ^\ as treated by trapping it betv een 
a proximal ligature — that of the internal carotid artery m the neck — 
and a distal ligature, placed mtiacranially, with the help of a silver 
clip All the patients were symptomatically cured He discusses the 
importance of arteriography for the localization of these lesions 

In studying this article one cannot escape the feeling that the 
rational treatment of intracranial aneurysms has just begun and gieat 
advances are to be expected m the future 

SYMPATHETIC GANGLIONECTOMY FOR PERIPHERAL VASCULAR DISEASE 

Sunder-Plassmann,^®® w^ell knowm foi his extensive neuiohistoloeic 
studies on the vegetative neivous system, stained the sympathetic 
ganglions removed at operations for Raynaud’s disease w ith 

160 Baumgartner, A , Clerc, A , and Macrez, C Sur I’anevrjfsme arterial 
de voisinage et la gangrene ischemique dcs doigts en rapport avec les cotes 
cervicales Leur traitement chirurgical, Presse med 46 1665, 1938 
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163 Yater, W At Rupture of Popliteal Aneurysm, read before the American 
Heart Association, St Louis, Atay 13, 1939 
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Bielschowsky’s stain and found definite pathologic changes pointing 
to toxic damage of the ganglions, fibrils and teiminal reticulum 
Allergic phenomena may also be at play He expressed the belief 
that sympathectomy is not leal denervation of the vessels as the 
terminal nervous network remains and is reactive This, of couise, is 
the opinion of Stohr, previousl)’' reviewed The authoi advocated 
admmistiation of thyroid extract and vitamin in the postopei ative 
peiiod for impioving end results 

The effect of sympathectomy on the vasa vasoium of the lat was 
reported b}'- Griffith He injected carbon particles into the blood 
stream and found a gi eater numbei of these particles in the sympathec- 
tomized vessels, fiom this he concluded that the nouiishment of the 
vessel wall improves after sympathectomy 

Lewis reemphasized his belief that the local fault in the vessels 
of patients suffering from Raynaud’s disease is the decisive factor 
determining end results He examined 6 unselected patients shoitly 
after preganglionic sympathectomy for Raynaud’s disease In 3 patients 
attacks occuiied spontaneously or could be produced, indicating that 
local susceptibility to cold remains, the structuial damage to the digital 
vessels seems to deteimme the failure to abolish all symptoms 

This woik of Lewis, togethei with evidence accumulating else- 
where,^®" is in opposition to the view again strongly expressed by 
Smithwick that a preganglionic sympathectomy foi the upper 
extremity is the operation of choice for Raynaud’s disease In our 
experience an extremity m which complete sympathetic denervation 
has been accomplished, as indicated b}'’ cessation of sweating, shows a 
smaller number of lecurrences than the one in which the important 
first white ramus has been preserved The controversy regarding pre- 
ganglionic versus postganglionic sympathectomy still continues and mil 
finally be solved by studying comparable cases over seveial years 

A highly stimulating study of pain in a fantom limb by Livingston 
IS directed against the often annojong and sometimes permanently 
inti actable pain m an amputated limb projected distally to the level of 
amputation He advocated the injection of procaine hydrochloiide into 
the sympathetic ganglions, which curiously enough abolishes this pain 
for several months or years and may then have to be repeated The 
author expressed a doubt that an interiuption of afferent sensory fibers 

166 Griffith, J A The Effect of Sympathectomy on the Vasa Vasorum 
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IS accomplished but held that a reflex arc is broken, which may not 
reestablish itself after the temporary block with procaine This line of 
thought IS similar to that expressed by our group m regard to “reflex 
d^'^strophies” following slight injuries or infections 

Lumbosacral sympathectomy was performed on 5 patients suffering 
from diabetic gangrene The authors expressed the opinion that 
the opeiation delayed the piocess of gangrene, limited the infection 
and reduced the claudication Hoav this was brought about and how 
the patients w^ere selected aie not appaient It is not all clear why 
a process which is pi edommantly an obliteration of the middle-sized 
and terminal arteries would be benefited by sympathectomy Should 
a vasopastic element be present, heat and rest in bed would effectively 
reduce it 

In 6 patients suffering from hyperhidrosis White obtained excel- 
lent results by preganglionic sympathectomy Only 1 patient had a 
paravertebral injection of alcohol, but as such treatment is occasionally 
followed by intercostal neuiitis, the author expressed a prefeience for 
surgical removal of the uppei thoracic chain with pieservation of the 
first white ramus Thus Horner’s syndrome is avoided 

Our unpublished observations have made us cautious m advocating 
sympathectomy for hyperhidrosis unless it is strictly limited to the 
extremities In 1 patient all the extremities w'ere subjected to sympathec- 
tomy, but the sweating in the nondenervated areas became almost 
unbearable Psychotheiapy, tried in 1 case, resulted in no benefit 
Hyperhidrosis without vascular spasm deserves further intensive study 

Telford stated that while the patchy type of scleroderma may be 
stopped by sympathectomy, the sclerodactylia seen m the late stages 
of Raynaud’s disease is not affected by the operation In cases of 
hyperhidrosis the results w'ere excellent In 27 cases of poliomyelitis 
and 40 cases of erythrocyanosis, a condition more frequent in England, 
the results were very good The author expressed the belief that sympa- 
thectomy has a definite place m well selected cases of skin disease 

SURGICAL TREATMENT OF HYPERTENSION 

Smithwick expressed succinctly the present status m this field 
as follows “The surgical attack on hypertension must still be regarded 
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as m the expeiimental stage It takes years of trial and error to 
determine the most effective way of denervatmg any portion of the 
vascular bed The lack of uniformity of results in identical cases 
leads one to suspect that this has not yet been accomplished in regard 
to the splanchnic bed ” 

This statement expresses the quandary in which every suigeon who 
is familiar with the results of sympathectomies for hypertension finds 
himself If he has followed his patients carefully, he has seen a numbei 
of objective and a smaller number of subjective failures He has occa- 
sionally seen a lemarkable result, perhaps in a patient in whom he 
least expected it All the preoperative tests notwithstanding, the 
results of the surgical proceduie aie yet unpredictable That section 
of the splanchnic nerve oi deneivation of the adrenal gland does not 
exert any influence through deneivation of the adrenal medulla was 
pointed out b)'- Hermann, who stated that in the dog the adrenal 
medulla does not change morphologically nor does it lose its power 
to secrete its specific hormone or to react to electric or to pharmacologic 
stimuli He expressed the opinion that the gland can escape the control 
of the central nervous system without losing the capacity to produce 
and discharge epinephrine , this should be taken into account when opera- 
tions for hypertension or diabetes are under consideration 

Craig restated the indications, preoperative tests and lesults of sub- 
diaphragmatic section of the splanchnic nerve with reference to 158 
patients treated at the Mayo Clinic All patients are divided into four 
groups, as discussed elsewhere in this review The first group requires 
no suigical treatment, and the second and third groups should be 
considered for surgical treatment, whereas m the fouith group the 
findings constitute a contraindication In general, 70 per cent of the 
patients operated on were benefited 

C H Moore reported on 22 patients in whom section of the 
splanchnic nerve had been pei formed and who had been followed up 
foi a period of more than thirty months, 90 per cent of these 
showed an immediate postoperative drop m blood pressure The 
reduction of blood pressure was maintained for over a year in 45 per 
cent Symptomatic improvement, without a fall in blood pressure, was 
noted in 27 per cent No impiovement other than some immediate 
lelief was registeied in 27 per cent In 9 per cent not even an imme- 
diate drop was noted One patient (4 per cent) died 

174 Hermann, H Le comportement de la glande medullosurrenale enervee 
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Such reports as these are ui gently needed One cannot brush aside 
these operations with the remark that they constitute a foim of psycho- 
therapy With 72 per cent of the patients showing eithei a fall in blood 
pressure or no fall but definite symptomatic impiovement, one feels 
encouraged to continue m spite of many failures 

That exclusion of the splanchnic bed seriously interferes with a 
reflex pressor mechanism is clearly illustrated by the observations of 
Moore and Allen/"^ who found that following section of the splanchnic 
nerve pressure on the carotid sinus results in significant decreases of 
blood pressure associated with marked bradycardia Just how long 
this sensitivity of the carotid sinus persists is not clear It is known 
that the postural hypotension resulting from this operation is temporary 

The work of Goldblatt on experimental renal hypertension is begin- 
ning to exert its influence on the clinical literature Thus Butler 
reported 2 children with pyelonephritis in whom the concomitant hypei- 
tension was cured by nephrectomy He emphasized the difficulty of 
differentiating between primary vascular and secondar}’- renal hyper- 
tension The two children had hypei tension before any renal damage 
became evident, just as did the dogs Goldblatt desciibed Clinical 
findings very similar to those of experimental hypertension were 
reported by Barney and Suby,’-'® of the Massachusetts General Hos- 
pital, Boston, m a patient with unilateral renal disease and arterial 
hypertension, who was apparently cured following nephiectomy Since 
this patient suffering from unilateral renal disease associated with, and 
probably causing, ai terial hypertension \vas cured foi twenty-one months 
by nephrectomy, Barney and Suby suggested the importance of carefully 
studying and following up patients with unilateral renal disease, espe- 
cially from the point of view of hypertension, both before and after 
operation The results of their studies are as follows 

Since 1911, at the Massachusetts Geneial Hospital theie have been 
305 patients with unilateral renal disease, on 224 of whom unilateral 
nephrectomy was performed Seventy-six (25 per cent) had hypei - 
tension, with a preoperative systolic blood pressuie of at least 140 
mm of mercury 

Only 15 of these 244 patients could be followed with subsequent 
readings of blood pressure Of these patients, all of whom were fol- 
lowed for four months to nine years after operation, 10 (67 per cent) 
showed an average drop in systolic pressure of 40 mm , as compared 
with the preoperative level 
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Chabanier and his associates^®” reported on suigical proceduies in 
49 patients with “nephroangiosclerosis ” The}’- discussed benign angio- 
sclerosis, which is pure arteriosclerosis and is only seldom seen below 
the age of 60 They also discussed malignant nephiosclerosis, in which 
endarteritis proliferans is a feature This is a disease of the young 
Histologically, increase in elastic tissue and hypertiophy of the muscular 
wall aie evident In 29 of the 43 patients with malignant nephro- 
sclerosis no aiteiioscleiotic element was detectable This condition 
may stait as symptomatic hypertension, but later, when tubules, glomeiuh 
and interstitial tissues become involved, a nephritic picture develops, 
with appearance of albumin, casts and red cells After this the aveiage 
duration of life is five years Hypertension with nephritis, then, may 
be due to malignant nephrosclerosis with glomeiular manifestations or 
to chionic diffuse glomerulonephiitis with secondary vascular changes 

The value of such finditigs lies in the fact that the diagnoses 
were based on the results of renal biopsies made during the operative 
proceduies The following surgical measures \vere used 1 For the 
patient in a terminal stage, with maiked renal insufficiency or cardiac 
decompensation, one kidney was decapsulated , if the patient improved, 
the other kidney was decapsulated, with section of the splanchnic nerve 
or lenal deneivation 2 For the patient not m a terminal stage, section of 
the splanchnic nerve, adrenal denervation, decapsulation or lemoval of 
the aoiticoienal ganglion has been done The authors now^ favor combi- 
nation of the last two methods 

The results of these piocedures are given m too vague terms The 
pressure arises again in most instances, but the symptoms of headache, 
palpitation and dizziness are leheved This wmrk would be quite incon- 
clusive but for the excellent correlation of clinical pictures with the 
results of renal biopsies In our clinic the lesults of such biopsies have 
now’- been studied for sevei al years It seems easier, how^ever, to i emove 
a small section of the kidney than to get a conclusive histologic leport 
on it, as surgical specimens of this sort are rare It will be necessary 
for such kidneys to be studied with special staining methods b} men 
devoting themselves to this field 

Another attempt to revasculanze the kidney m hypertension w’-as 
reported by Abrami, Iselin and Walhck,^®^ who made unilateral omental 
transplants m 1 patient wuth chronic glomerulonephritis and 1 patient 

180 Chabanier, H , Gaume, P , and Lobo-Onell, C Vue d'ensemble sur les 
resultats d’lnterventions pratiquees dans 49 cas de nephroangioscleroses, Presse 
med 46 1818 (Dec 10) 1938 

181 Abrami, P , Iselin, M, and Walhck, R Essai de traitement de I’hjper- 
tension arterielle d’origine renale par la revascularisation chirurgicale du rein, 
Presse med 47 137 (Jan 28) 1939 



654 


ARCHIVES Ob INTERNAL MEDICINE 


■\Mth malignant nephrosclerosis No clinical effect was noted in either 
patient after a few months The authors expiessed the belief that they 
were the fiist ones to have performed these operations, but at our clinic 
3 such patients have been followed for several 3 '’ears Essentially nega- 
tive results are to be published shortly 

The effects of nonspecific operations on essential hypertension were 
studied b}’- V ohm and Flaxman They presented data on 27 patients 
who had had majoi opeiations such as cholecystectomy, hysterectomy 
and prostatectomy They stated that all patients were relieved of head- 
aches, pain in the chest, dizziness and fatigue, regardless of the opera- 
tion performed The duration of the symptom-free stage varied from 
four months to nine years, averaging three and a half years The 
authors expressed the opinion that the results were better than those 
of any of the specific operations reported m cases of essential hypei- 
tension The}^ expiessed a doubt whet4ier surgical methods for the 
treatment of essential hypertension are ever justified 

An anal 3 '^sis of the tabulated results, however, does not reveal (1) 
the frequency of follow-up or (2) the extent to which cardiac decom- 
pensation and coronar 3 ’^ msufficienc 3 ’^ were the real factors in the fall 
of blood pressure It is not clear how many symptoms these patients 
had lefeiable to h 3 ^pertension 

That rest in bed, anesthesia, loss of blood and ps 3 'chic effect are all 
conducive to a lowering of blood pressure is obvious, but that bilateral 
herniotomy, for instance, done in a patient wnth a preoperative blood 
pressure of 250 S3’’stohc and 160 diastolic would result m freedom from 
symptoms for eight months is rather remarkable , some of the operations, 
such as prostatectom 3 '^ wnth urinai^'- obstruction and oophorectom 3 q ma 3 q 
of course, have a direct effect on h 3 ^pertension 

AMPUTATION TOR VASCULAR DISEASE 

VeaP®^ reported on 110 patients wdio had amputations for arterio- 
sclerotic gangrene, excluding patients wnth diabetes With better pre- 
operative care, earlier amputation and earlier mobilization, the mortaht 3 '^ 
rate of 39 per cent dropped to 28 8 pei cent Pneumonia, shock and 
cardiac failure w'^ere the most frequent causes of death Considering 
the t 3 '’pe of material (Charit 3 '’ Hospital New'' Orleans) the newer mor- 
tality rate is excellent 
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Tayloi,^®^ of the Univeisity of Indiana, also repoited on effoits to 
reduce the high mortality fiom amputations When the primary con- 
sideration IS the saving of the patient’s life, a simple guillotine ampu- 
tation IS indicated Diabetes increases the moitality, m 77 amputations 
on 65 patients with this condition there weie 30 deaths, a moitality 
of 38 per cent in regaid to operations and 46 pei cent m regaid to 
patients Among patients who had cellulitis, the mortality was 60 
pel cent In the absence of diabetes 37 amputations resulted m 10 
deaths, giving 27 per cent mortality for amputations and 35 per cent 
foi patients 

The important point sti essed by the author is the futility and dangei 
of attempting to suture fascial layeis ovei the bone A loose closuie 
of skin gaA^e 27 7 pei cent mortality , a primary fascial sutui e, 43 7 
per cent The first amputation can be readily made through the knee 
joint, with a secondary amputation above it when the infection has 
subsided 

It has been leahzed for some time that hospitals having an amputa- 
tion service, in which all amputations are concentrated, show a deci eas- 
ing percentage of moitality Amputations propeily pei formed are 
delicate suigical procedures The determination of indications and of 
the piopei level and the decision m legaid to a one oi a two stage 
amputation require an amount of experience which the casual operator 
hardly possesses The quick rehabilitation of a crippled patient by 
means of temporary and peinianent aitificial limbs is an added duty of 
the suigeon 

Duimg the last two yeais Allen has contributed an interesting 
series of experiments dealing with the beneficial effect of lefrigeration 
of limbs deprived of their ciiculation In the latest report he sug- 
gested lefiigeration of limbs that are to be amputated for the lelief of 
pain, to enable the surgeon to apply a tourniquet and thus eliminate 
absoiption The author based his suggestions on animal expeiiments 
and stated that the exact clinical benefits or limitations await trial It 
is an interesting thought which should be approached with consideiable 
caution 

184 Taylor, F W Amputation Stump of Arteriosclerotic Gangrene, Surg , 
Gynec & Obst 67 114 (July) 1938 

185 Allen, F M Experiments Concerning Ligation and Refrigeration in 
Relation to Local Intoxication and Infection, Surg, Gynec & Obst 68.1047 
(June) 1939 



News and Comment 


Internships Open in California — The California State Personnel Board is 
seeking persons well qualified for emploj'ment as student intern and senior intern 
There is nd residence requirement for examination, and no written test will be 
given Applicants will be rated on education, experience and scholastic record 
Applications may be filed with the executive officer. State of California Personnel 
Board, 1025 P Street, Sacramento, at any time during the current year and will 
be rated immediately If a candidate’s qualifications are acceptable, his name w'lll 
be placed on the list of those eligible for employment in accordance w'lth his rating 

Bulletin of the Societe d’Endocnnologie — The Annalcs d cndocrtnologic, 
the official bulletin of the Societe d’Endocnnologie was established this jear, the 
first number being published in !March The editorial committee consists of Gu} 
LaRoche (editor in chief), R Courner, J DeLarue, Justin Besangon, E !May, 
L Portes, C Richet, P Sainton, H Simonnet and H Ste\enin 



Book Reviews 


William B Wherry, Bacteriologist By Martin Fischer Price, |4 Pp 293 
Springfield, 111 Charles C Thomas, Publisher, 1938 

When Martin Fischer elected to write the biography of his friend, associate 
and contempoiary William B Wherry, he added another quiet chapter to modem 
medical history It is a pity that the layman, so obviously hungry for information 
about the progress of medicine and the biologic sciences, should not be fed his 
facts through the pleasing medium of biography rather than the less leliable 
medium of autobiographic confidences No man, no matter how excellent his^ 
intentions, can properly weigh the human values in his memories of himself, it 
IS to the distinct advantage of society when some Boswell is available who is 
willing and eager to write the story as he knows it 

Wheiry was born in India in 1874, the son of American missionaiies His 
parents were well educated and poor When William was 14 years old the 
paients moved back to the homeland to provide an education foi their children 
Rev Elwood Wheiry resigned from his missionary woik in foreign fields and 
obtained the promise of a position foi himself with the American Tract Society 
He settled in River Foiest, 111, just west of Chicago, and built a home on Ashland 
Avenue, which was for many years to function as the only permanent postoffice 
addiess of an always widely scattered family Young William tramped the still 
unsettled west side districts of Chicago with a notebook and pencil , the “seeing 
eye” of the innate scientist was already his 

At 19 he entered Washington and Jefferson College, his father’s Alma Mater, 
and in foui years, on an unbelievably shm purse, he received his degree of Bachelor 
of Arts In the autumn of 1897 he entered Rush Medical College, where for the 
first time he was to meet his future biographer The days of his attendance 
were the heydays of Rush, the days of its great teachers, dedicated “to the com- 
mon purpose of producing capable doctors — men able to meet a medical situation, 
whatever its nature, wherever found ” Fischer writes of his and Wherry’s school 
da 3 ’^s there with comforting nostalgia, it is too easy to sneer back at the past 
from the heights of one’s own achievements 

During his second year Wherry knocked and gained admittance at the labora- 
tory of pathology, presided over by Prof Ludvig Hektoen Hektoen had been 
taught the ultimate in morphologic pathology, but he taught his pupils something 
contrary Morphology was dead, he said Progress laj'- in bacteriology, m immu- 
nolog}", in experimental medicine and in dynamic concepts of disease Here 
m Hektoen’s laboratory Wherry met E R Le Count and G H Weavei, H Gideon 
Wells and E C Rosenow, D J Davis, Peter Bassoe, Brown Pusey, H T 
Ricketts, R T Woodyatt, Alice Hamilton and Martin Fischer It is difficult to 
picture a happier association than that which must have been expeiienced between 
this dynamic leader and his alert disciples 

Wherry got his degree of Doctor of Medicine from Rush m 1901 and went 
from medical school to Dr E O Jordan’s laboiatory on the University of Chicago 
campus There he earned his fiist salaij", $1,000 a j'^ear, established a firm friend- 
ship with Dr Jordan and met as a pupil Mane Eleanor Nast, of Cincinnati, wdiom 
he was later to many Through Dr Jordan he became interested in tropical 
disease, and because of Miss Nast, in the hope of eventuall}'^ being able to support 
a wife, he applied for and wmn a research position in the government laboratories 
m the Philippine Islands In Manila he w'orked wnth Paul G Woolley, of Johns 
Hopkins Umversitj’', wnth w’hom he w'as later to be associated in Cincinnati This 
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period was rich in experience and filled with valuable results, but it brought with 
It no financial security, and Wherry returned to the mainland after three years in 
the Philippines with his pockets still empty 

The story of the next few years is the chronicle of almost all well trained 
young scientists who ask only a living and a laboratory from life The tragedy 
lies in the fact that the living they demand is so pitifully small and so difficult to 
acquire Wheiry, perhaps, was more fortunate than many At any rate, he pro- 
gressed He got an assignment in Anaconda, Mont , to investigate the cause of 
the mysterious deaths of countless cattle whose owners were suing the Copper 
Mining Company for responsibility When his investigations in Montana were 
completed he was invited to Oakland, Calif , as professor of bacteriology in the 
medical school there Martin Fischer was in Oakland and instrumental in 
Wherry’s appointment In December 1906 Wherry married Mane Eleanor Nast, 
who now had the degree of Doctor of Medicine from Johns Hopkins University, 
and the two went from Cincinnati to Oakland, where both medical Wherrys had 
teaching appointments in the medical school William B Wherry, the professor 
of bacteriology, had been there for only four months when he was summoned to 
San Francisco There was bubonic plague on the Pacific Coast, and the bav 
cities were in quarantine Wherry was asked to come to San Francisco to dis- 
cover its source He organwed a fight against San Francisco’s rats, inspected 
and performed autopsies on the human dead, surveyed about a million and a half 
properties, reduced morbidity and mortality, brought a lift of the quarantine — and 
was dismissed The city had gone far enough, but Wherry was not satisfied w'lth 
the results Plague broke out m Seattle and w-as discovered inland in California, 
away from the water fronts Finally, it was found in the ground squirrels which 
infested the western states Wherry’s conclusion that bubonic plague w'as endemic 
on the West Coast, which should be protected against itself rather than from the 
rats on incoming ships, w'as serious It was more difficult to w'age w’ar against the 
thousands of independent squirrel hunters who persisted in the pleasures of indi- 
vidualism than against the helpless rats in San Francisco’s sew'ers 

In 1909, on nomination of Paul G Woolley, who w’as already installed at the Uni- 
versity of Cincinnati, Wherry w'as invited to become the bacteriologist in the depart- 
ment of pathology at the reorganized medical school there The salary offered w'as 
$1,800 a yeai The business of being only an assistant professor did not disturb 
him, but he w'anted time away from his teaching for independent reseaich and 
stipulated for financial support equal to what he w'as receiving at Oakland, Calif 
Cincinnati offered $2,400, and Wherry accepted During the next year Martin 
Fischer joined the staff Wherry was happy He wrote of the situation to his 
mother, who replied “It must be very nice indeed for so many of you j'oung 
fellow-student doctors to be working in the same place ’’ 

Wherry had arrived He w'as 35 years old, he had a wnfe and a grownng 
family and a salary of $2,400 a year And he had a teaching position which he 
enjoyed and a laboratory which he could use His w'ork on tularemia and his 
studies on oxygen tension were done there As his name became more widely 
known and his work more publicized, he had opportunities to go elsewhere But 
his interests and loyalties were with the school in whose reoiganization he had 
played an important part 

He died in Cincinnati in 1936 at a little less than 62 years of age tie had led 
a pleasant as well as a valuable life His early attempts with the naturalist’s 
notebook in the woods west of Chicago had developed into a taste for sketching 
and later to successful experiments with brush and canvas He had plaj’^ed with 
as great a zest as he had worked He maintained throughout his life his friend- 
ships and old loyalties and found time for new ones The Cincinnati Post editorial- 
ized his life on the day of his death “He died here Sunday, unknown to the 
general public But that is as he wanted it FIis scientific work was for use, not 
for the spotlight ’’ 
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Practice of Medicine By Jonathan C Meakins, MD, LL D Price, $12 50 
Pp 1413, with 521 illustrations St Louis C V Mosby Company, 1938 

The appearance of a new edition of a textbook about two years after the 
original edition was presented to the medical public indicates that the book was 
favorably received by the profession It can be well understood why this is the 
case Meakins has written a book on the practice of medicine which in the first 
edition had many things to commend it and a few features that might be criticized 
In the second edition some changes, which on more mSture consideration the 
author thought advisable, have been made, but they are few and far between 
The original edition was so comprehensive and so well done that few alterations 
were necessary 

A feature thought most commendable in the first edition has been continued 
of course in the second, namely, a discussion of the symptoms and symptomatology 
of disease in the various systems of the body 

The explanation of the mechanism of production of these signs and the 
pathologic physiology concerned therewith is well worth the price of the book 
For example, the physiologic disturbance resulting in dyspnea is excellently detailed 
and lucidly explained On the other hand, I do not think it is necessary to incor- 
porate a large number of reproductions of roentgenograms, which take up much 
space and make the book heavy and unwieldy Most of the roentgen plates are 
good, but with few exceptions they add little to the value of the book This 
feature has evidently been criticized, for m the preface to the second edition 
Meakins says that the depiction of rare conditions is an important feature of the 
book Such illustrations may appear properly in a system or encyclopedia of 
medicine, but it hardly seems necessary to burden a tome which is obviously 
intended for a textbook with colored reproductions of unusual lesions, which 
frequently are nothing more than pathologic curiosities and which in many instances 
could be diagnosed at a glance 

In the preface, certain additions made in the second edition are specifically 
mentioned, namely, discussions of acute laryngotracheobronchitis, tuberculous 
tracheitis, “cysts” of the lung, Friedlander’s bacillus pneumonia, lipoid pneumonia, 
monocytic leukemia, nutritional edema, protamine zinc insulin, experimental 
nephritis, vascular renal failure, congenital aplasia of the kidney, uremic state, 
sulfanilamide therapy, lymphogranulomatosis inguinalis, epidemic pleurodynia and 
Cannabis indica intoxication With these additions the book seems to be a com- 
plete textbook A study of the index and reference here and there to the text 
shows that little seems to be omitted or neglected which might be of interest and 
value to the practitioner or student 

Sulfanilamide Therapy of Bacterial Infections By Ralph R Mellon, M D , 
Paul Gross, M D , and Frank B Cooper, of the Institute of Patholog}^ 
Western Pennsylvania Hospital, Pittsburgh Price, $4 Pp 398, with tables 
and graphs Springfield, 111 Charles C Thomas, Publisher, 1938 

Advances in the knowledge of the types, actions, uses and chemotherapeutic 
implications of the sulfanilamide compounds have been so rapid that the need for 
a comprehensive summary of the facts has become very real This need has been 
well met by the authors of this book in their first section, which comprises a 
review, with a bibliographj , of all the literature on the sulfonamide group of 
drugs This review should be immensely useful to both clinicians and laboratory 
workers in various phases of chemotherapeutic research The clinician will be 
particularly interested in the chapters devoted to the indications, routes of admin- 
istration, schemes of dosage, toxic manifestations and results of sulfanilamide 
therapy in various infections 

The second section of the book deals with the authors’ experiments on the 
bacteriostatic action of sulfanilamide and emphasizes the great discrepancies 
between the in vitro and the in vivo effects of the drug Some possible factors 
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producing this difference — variations in the dose of the infecting organism, the 
virulence of the particular strain of the organism and the fitness or resistance of 
the host — ^are discussed 

The third section details the authors’ experiments designed to explain these 
differences They show that, while physiologic solution of sodium chloride and 
blood serum containing dilutions of sulfanilamide in concentrations as high as 
1 4,000 have only slight bacteriostatic effects on small and moderate-sized 
inoculums of several strains of streptococci and colon bacilli, the addition of small 
amounts of physiologic solution of sodium chloride to human serum produces 
virtual sterilization of such inoculums This effect far exceeds a simple summa- 
tion of the bacteriostatic effects of salt solution and human serum taken singly 
The phenomenon is termed by the authors potentiation and explains the differences, 
at least in part, between the in vivo and the in vitro actions of sulfanilamide It 
offers a particularly tempting explanation of the great efficacy of sulfanilamide 
in low dilution in the urine against infections of the urinary tract due to 
Escherichia coli 

The remaining section of the bock is devoted to a consideration of biologic 
controls in chemotherapeutic work Addenda are given which review the articles 
published while the work vv^as in press 

The book IS nicely planned and is printed in large, easily read type It can 
be recommended to vv'orkers in all branches of medicine 

Diabetes Insipidus and the Neuro-Hormonal Control of Water Balance 
A Contribution to the Structure and Function of the Hypothalamico- 
Hypophyseal System By Charles Fisher, Ph D , W R Ingram, Ph D , 
and S W Ranson, Ph D , M D Price, §5 Pp 212, with 71 illustrations 
Ann Arbor, Mich Edwards Brothers, Inc , 1938 

This monograph is concerned with the nervous and hormonal factors involved 
in the regulation of water balance and especially with the great increase m water 
exchange which characterizes the disease known as diabetes insipidus The inves- 
tigations were carried out in the Institute of Neurology of Northwestern University 
Medical School during the past six years Although most of the facts presented 
have been published by the authors in various periodicals, it is highly pleasing to 
find them correlated and collected into one volume 

The principal method of study was the production of discrete lesions in various 
parts of the hypothalamus with the Horsley-Clarke stereotaxic instrument Dia- 
betes insipidus was produced in 85 cats and 2 monkeys Among the final conclu- 
sions of the investigators are that the neural lobe of the hypophysis is an endocrine 
gland which plays an antidiuretic role in renal water balance and that diabetes 
insipidus IS essentially a hypophysial deficiency syndrome caused by a diminution 
or by absence of the antidiuretic hormone of the neural lobe wffien the latter is 
extirpated or becomes atrophic secondary to interruption of the supraoptico- 
hypophysial tracts 

Essentials of Pathology By Lawrence W Smith and Edwun S Gault Price, 
$9 Pp 886, with 679 illustrations (160 plates) New York D Appleton- 
Century Company, Inc, 1938 

This handsome volume represents an attempt to teach pathology by emphasis 
on the case history method After short introductorj’’ paragraphs on the various 
conditions, a case history with a pathologic report is added Some case reports 
are accompanied by illustrations While this method is worthy of commendation, 
specific case studies are usually furnished m the piactical part of any course in 
pathology and the textbook perhaps should deal with the subject in a more reflec- 
tiv'e, general and philosophic manner However, the book is of interest, and the 
illustrations are especially good 
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REFLEX CORONARY ARTERY SPASM FOLLOWING 
SUDDEN OCCLUSION OF’ OTHER 
CORONARY BRANCHES 

G W MANNING, MA 
C G McEACHERN, MD, B Sc (Med) 

AND 

G E HALL, MD, PhD 

TORONTO, CANADA 

The senous effects of coionai} artery disease on the heait are due 
to an inadequate blood supply to the heart muscle Usually the reduc- 
tion in the blood supply js associated with a diminution in the calibei 
of the coronary arteiies, either local oi general, by atherosclerosis On 
the other hand, there aie conditions which, even m the presence of 
normal coronal y arteries, may lesiilt in a decreased blood supply to the 
myocardium ^ 

It IS possible, also, that myocaidial ischemia may result from tem- 
poiary spasm of coionary aiteues This could take place, as a result of a 
decrease in or loss of the dilatoi lesponse of the coronary arteiies to 
physiologic stimuli, whether the arteries were athei osderotic or normal 

Although it has been impossible so far to leproduce experimentally 
tiue human coronarj^ scleiosis, it is possible to simulate the effects of 
the resulting myocardial ischemia by ligation of one or more blanches 
of a coronar}’’ arteiy in the dog Many authors have reported on the 
pathologic changes resulting from acute ligation of coionary arteries in 
different species of experimental animals This literatuie, covering over 
one bundled years, has aheady been reviewed ^ 

With the advent of the string galvanometer (1903) accurate electro- 
caidiograms were made possible, and in later }eais the electrocaidio- 
giaphic changes following experimental coionaiy arteiy occlusion were 
studied by many persons The results of such experiments have been 
used widely in the intei pretation of clinical findings, particularly after 

Aided by a grant from the Josiah Macy Jr Foundation 

From the Department of Medical Research, Banting Institute, University of 
Toronto Facult}' of Medicine 

1 White, P D Heart Disease, New York, The Macmillan Company, 1934 

2 Hall, G E Relation of the Parasympathetic Autacoid to Cardiac Disease 

Thesis, University of Toronto, 1936 ’ 
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Herrick ^ had shown that coronary thiombosis was a clinical entity which 
could be recognized during life 

The earlier workers conducted then experiments on anesthetized 
animals and naturally were unable to demonstrate pain following coro- 
nary occlusion Other workers, including Sutton and Lueth,* have 
described experiments m which occlusion of the coronary arteries in 
conscious dogs caused pain, nausea and vomiting It has also been 
found that temporary occlusion caused pain, apparently the result of a 
sudden decrease in the blood supply to the heait muscle Complete 
occlusion in conscious dogs, however, does not lead to permanent pain 

It IS important, at this point, to consider whether tempoiaiy ischemia 
of the myocardium will produce peisistent changes m the heart muscle 
The work on cats recently reported by Blumgait and his associates’^ 
showed that when temporary occlusion was maintained for fifteen min- 
utes or more electi ocardiographic changes persisted for at least tw^enty- 
two days When the occlusion was maintained for five to ten minutes 
the electrocardiographic changes lasted for five to ten days The first 
electrocardiographic changes characteristic of ischemia occuried wnthin 
one minute In dogs they found no gioss or microscopic evidence of 
necrosis following temporary occlusion lasting from five to twenty 
minutes When the occlusion was maintained for longer peiiods definite 
areas of necrosis were evident 

Thus an explanation is possilile for the occurrence of electrocardio- 
graphic and, later, histologic changes in the myocardium of patients in 
the absence of coronary thrombosis 

It IS well knowm that many patients wnth oi w'lthout a history of 
angina pectoris die suddenly of a “heart attack ” In many cases no 
evidence of coronary thrombosis can be obtained at autopsy There is 
also a fairly large group of cases in wdnch the severity of the symptoms 
of “coronary disease” is out of all proportion to the extent of the patho- 
logic changes found in the coronary arteries or to the size of the infarcted 
area as observed at autopsy 

The purpose of the present paper is to report experiments which 
indicate that the high moitahty follownng acute occlusion of one branch 
of a coronary artery in the conscious dog cannot be accounted for by 
the extent of the experimentally produced infarct This work suggests 

3 Herrick, J B Clinical Features of Sudden Obstruction of the Coronary 
Arteries, J A M A 59 2015 (Dec 7) 1912 Thrombosis of the Coronary Arteries, 
ibid 72 387 (Feb 8) 1919 

4 Sutton, D C, and Lueth, H Disease of Coionary Arteries, St Louis, 
C V Mosby Company, 1932 

5 Blumgart, H L , Hoff, H , Landowne, M , and Schlesinger, j\I J Experi- 
mental Studies on the Effect of Temporary Occlusion of Coronary Arteries, Tr A 
Am Phjsicians 42 210, 1937 



MANNING ET AL —REFLEX CORONARY ARTERY SPASM 663 


that such mortality is the result of the development of a relatuely large 
area of ischemia, brought about by spasm of collateral arterial branches, 
m addition to the original ischemic area 

EXPERIMIINTS 

Normal healthy dogs of varying ages were used Electiocardio- 
grams were taken on at least three successive days before operation and 
at desired intervals following coronary aitery occlusion In some of 
the animals readings of the blood pressure were obtained by direct 
femoral puncture before, during and after the experimental occlusion 

The animals which did not survive the occlusion w^ere examined 
immediately after death, and the location of the ligature and ischemic 
areas was veiified The gross findings w^-ere recorded on a mimeo- 
graphed diagram of the dog heart Histologic sections were taken 
from various areas of the hearts of all the animals used 

Each surviving animal w^as kept lying quietly on his side foi one to 
two houis after the ligation After this period the animal w^as remored 
to Its cage and no restraint was made on its movements In view^ of the 
already w'-eakened myocardium, any excessive exeition might readily 
have resulted in caidiac failure or ruptuie In spite of this possibility 
the death of any animal which died within twenty-four hours of ligation 
was listed as sudden death 

Electrocardiograms and records of the blood piessure w'-ere taken 
tor the surviving dogs for as long as nine months after the experimental 
occlusion 

For operation, % gram (0 16 Gm ) of morphine and ether admin- 
istered intratracheally were used in all cases An aseptic technic w^as 
employed After careful dissection a ligature w^as passed under either 
the proximal portion of the anterior descending branch or the circumflex 
branch of the left coronary artery A special ligature cairier was used 
for this purpose, so that pulling, rolling or constriction of the arterv 
w’-ould be prevented 

Four groups of animals were prepared in this wa}'^ In gioup 1 
the anterior descending branch rvas completely ligated In group 2 the 
circumflex branch w^as ligated In group 3 a ligature was placed 
around the anterior descending branch and loosely tied wnth a single 
knot The tw^o ends of the ligature w^ere bi ought to the surface of the 
chest at the ends of the incision, the chest rvas closed and the superficial 
la3^ers were sutuied A sufficient length of slack ligature w'as left 
within the chest so that movement of the heart would not tighten the 
loose knot After a sterile dressing w^as applied to the wound the 
animal was allow’-ed to recover from the anesthesia In gtoup 4 a loose 
ligature rvas placed around the circumflex branch and the animal treated 
as in group 3 
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On the day following the operation each animal in groups 3 and 4 
was placed on its right side Electrocai diograms weie taken and the 
two ends of the loose ligature pulled tightly The ends of the ligature 
piotruding through the chest wall were cut, so that the heart would 
not be pulled permanently out of position Thus acute occlusion of a 
blanch of a coronary artery in the conscious dog was effected 

Group 1 — Sudden occlusion oj the anteuoi descending bianch of the left 
coionaiy aitciy dm mg anesthesia 

Seventeen dogs, including 7 litter mates 6 months of age, were used in this 
series The anterior descending branch was ligated inch (127 cm) from the 
aorta Electrocardiograms were taken before, during and at intervals after the 
ligation 

Only one death occurred in this group On the basis of this figure one might 
expect a mortality of less than 10 per cent 

Pathologic Changes — In order to follow the pathologic changes occuiring in 
the heart, the animals were killed one-half, two and one-half and twehe hours 
and two, three, seven, fourteen and twenty-one days after the occlusion Routine 
sections were taken for microscopic examination from the infarcted and normal 
areas of each heart 

Gross examination revealed that few changes had taken place m the heart 
muscle thirty minutes aftei ligation Within two and one-half hours, however, 
the infarcted area became dark and hard and could be differentiated readily from 
the surrounding myocardium At seven days the infarcted area appeared dark, 
soft and very weak (fig 3 A) It is at this period that rupture of the ventricle 
would most likely occur Considerable fibrosis was e\ident at fourteen days, 
and by twenty-four days the infarcted area was noticeable only as a dense, whitish 
contracted scar 

The progressive microscopic changes which take place in the miocardium after 
occlusion are illustrated in figures 1, 2 and 3 

Within thirtj’- minutes after occlusion variations m the staining quality of the 
muscle were noticed These alterations in staining occurred frequently within single 
muscle fibers Evidence of capillar}' hemorrhage was usually present Sections 
taken from noninfarcted areas in the same heart did not show these changes This 
type of early degeneration (early hyalimzation) of the myocardium has been 
observed in dogs when a chronic autonomic imbalance has been produced by pro- 
longed administration of acetylcholine or by prolonged stimulation of the vagus 
nerve ^ 

The alterations in the staining qualities became more pronounced within a few 
hours By two and one-half hours (fig 1 A) swelling of the muscle fibers was 
apparent The nuclei also began to show changes in size and staining The 
arterioles in the infarcted area appeared narrow but well filled with blood cells 

At ten hours (fig IB) more marked degeneration was evident Many leuko- 
cytes were scattered throughout the section Ihe muscle fibers -were pale staining 
and showed a definite loss of striations The nuclei w'ere undergoing marked 

6 Hall, G E , Ettinger, G H , and Banting, F G An Experimental Pro- 
duction of Coronary Thrombosis and Myocardial Failure, Canad M A J 34 9, 
1935 

7 Manning, G W , Hall, G E , and Banting, F G Vagus Stimulation and 
the Production of Myocardial Damage, Canad M A J 37 314, 1937 
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degenerative changes All these changes were more advanced at the end of twenty- 
four hours, while at forty-eight hours early fibroblasts were seen growing into 
the infarcted area (fig 2 A) The number of fibroblasts increased rapidl)--, as 
showm by the sev^enty-tw'o hour section (fig 2 B) 

Sections taken from the infarcted region of the seven day specimen showed 
areas of complete necrosis surrounded by fibroblastic proliferation (fig 3 A) 
Many small blood vessels w-ere present By the end of the second week the area 
of necrosis had become replaced by mgrowung fibroblastic tissue The fibroblasts 
were now smaller and older, and the amount of intercellular matrix had increased 
Sections of an infarcted area taken tw'entj^-tw'o da\s after ligation showed 
fairly dense areas of scar tissue (fig 3 B) The tissue was less cellular in appear- 
ance, and the fibroblasts were of the adult type Typical bands of collagen made 
up the greater portion of the area 
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Fig 1 — Portions of early infarcts A, two and a half hours after ligation 
hours after ligation 


B, 


Elects ocaidiogiaphic Changes — The typical changes wduch occurred after the 
sudden ligation of the anterior descending branch w'^ere an elevation of the RT 
segment in lead I (high take-off) and a depression m leads II and III (low' take- 
off), indicative of infarction on the anterior surface or apical region of the heart 
The depression of the ST segment, w'lth a low' take-off, in lead II w'as especially 
characteristic of this group Progressive alterations in the contour and the 
direction of the T waves were observed in all cases Ventricular extrasystoles 
were infrequently seen after the ligation In only 1 case was there any evidence 
of axis deviation This was in contrast to the common finding of left axis deviation 
W'lth occlusion of the circumflex bianch 

The changes in the RT segment of the ventricular complex, although sometimes 
marked, were frequently transient, and in many instances the electrocardiograms 
showed that the heart had become relatively normal within a few days Records 
were taken in some cases nine months after ligation 
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Fig 2 — Portions of early infarcts A fortj -eight hours after ligation B, 
seventy-two hours after ligation 



Fig 3 — Portions of older infarcts A, seven days after ligation B twentv- 
two days after ligation 



MANNING ET AL —REFLEX CORONARY ARTERY SPASM 667 


Gkoup 2 —Legation of ihe ctiamflex biaiich of the left coionaiy attay dunvg 
anesthesia 

The circumflex branch was ligated in 23 dogs under morphine and ether anes- 
thesia Seventeen dogs survived and 6 died suddenl}’^ after the ligation 

Changes in Blood Picssuie — In the animals which survived the occlusion the 
changes in blood pressure were fairlj uniform In one dog the pressure fell from 
a normal of 120 to 80 mm of mercury within two minutes of the occlusion and 
then gradually increased to 88 mm of mercury in the next three minutes This 
level was maintained for about fifteen minutes Then a moie marked decrease 
occurred, and the blood pressure went as low as 55 Cardiac irregularities were 
noted at this time (fig 4) However, after a few minutes the pressure gradually 
increased, and twenty-two minutes after ligation it had returned to 100 The 



Fig 4 — Lead II, showing progressive changes following acute ligation of the 
circumflex branch in the anesthetized dog Note early elevation of the RT segment 

heart again became regular, and the pressure remained constant at 100 for at least 
thirty minutes longer 

The changes in blood pressure recorded for animals which did not survive the 
occlusion were likewise fairly uniform In one dog the pressure fell to 80 within 
twenty-five seconds This level was maintained for about six minutes, and then 
there was a sudden decrease to 40 This sudden drop coincided with the onset 
of ventricular fibrillation Within a few seconds the blood pressure was zero 

Eleefi ocai dwgi aphic Changes — The electrocardiographic changes which occurred 
after sudden ligation of the circumflex branch in the anesthetized dog were typical 
for the animals which recoveied, and typical changes were recorded for those 
which did not recover 

Alterations m the direction and the contour, as well as the amplitude, of the 
T wave occurred within thirty seconds of occlusion (fig 4) There were pro- 
gressive elevation of the ST take-off and disappearance of the isoelectric ST 
segment (leads II and III) This premonitory period maj be ver\ short or 
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extend over many minutes The regularity of the heart was quickly disturbed 
by premature contractions of ventricular origin This phase was coincident with 
the second fall in blood pressuie Infrequently partial block was evident, but 
this condition usually gave way to a series of ex trasy stoles 

In those animals which recovered the changes in the T wave persisted for 
about seven da 3 's and then showed a gradual altered inversion as the healing of 
the infarcted area progressed (figs 1 to 3) Marked left axis deviation (fig 5) 
was evident within twenty-four hours, and extrasystoles originating in the left 
ventricle were not infrequently found The records indicated infarction of the 
posterior surface 

In the animals which died suddenly after the occlusion, the electrocardiogram 
showed an early alteration in the T wave and an elevation of the ST isoelectric 
segment in leads II and III Single extrasystoles became apparent within a few 
seconds and were followed by definite groups of extrasystoles Ventiicular tachy- 



Fig 5 — Leads I and III for the animal represented in figure 4, taken one and 
five days after ligation, showing left axis deviation 


cardia, simple or complex, invariably followed the phase of extrasystoles In 
some records the tachycardia passed gradually into fibrillation, while in others 
the transition was more abrupt 

As indicated previously, the blood pressure fell to zero with the onset of 
fibrillation 

Paihologtc Changes — Immediate autopsy ivas perfoimed on all dogs which 
died after the occlusion The faint outline of the infarcted area could be dis- 
tinguished, sometimes with difficulty, by the paleness of the area No significant 
histologic changes could be detected 

The animals which recovered show’ed, when killed at a later date, changes 
in the heart muscle similar to those already described for corresponding time 
intervals in group 1 

Results — In this group of 23 animals, in which the circumflex branch was 
ligated with the animal under morphine and ether anesthesia, 17 survived and 6 
died suddenly after ligation This indicates a probable mortality of about 25 
per cent 
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Group 3 — Ligahon of anfotoi descending blanch of the left coionaiy aitciy 
in the conscious state 

In the 22 animals in this group, at least twenty-four hours after operation 
and anesthesia the ends of the ligature protruding through the chest were pulled 
tightly This produced a sudden occlusion of the anterior descending branch of 
the left coronary artery Electrocardiograms were taken before, during and at 
varying intervals after the strings were tightened 

Clinical and Elecii ocaidiogiaphtc Changes — Typical signs of coronary occlu- 
sion, such as pain (indicated by whining and restlessness), dilated pupils and 
dyspnea, were observed These signs were evident about sixty to ninety seconds 
after occlusion, and their appearance corresponded roughly with the onset of 
ventricular tachycardia In 7 of the 22 dogs fatal ventricular fibrillation followed 



Fig 6 — Lead II, showing changes following ligation of the circumflex branch of 
the left coronary artery in the conscious dog Note early depression of the RT 
segment A, fatal ventricular fibrillation B, survival type of record 

the tachycardia (fig 6 A) Two other dogs died unobserved within twelve hours 
Typical signs of infarction of the anterior surface were present in the records 
for all 13 dogs which recovered Earlier changes occurred in the form, the 
amplitude and the direction of the T wave and in the depression (leads II and III) 
and elevation (lead I) of the ST isoelectric segment (fig 6D) 

Pathologic Changes — Since the mortality in this group was 40 per cent, as 
compared with less than 10 per cent in group 1, in which ligation of the same 
branch was performed with the animals under anesthesia, it seemed reasonable to 
suppose that some mechanism was involved which was capable of being eliminated 
by the anesthesia 

Immediate autopsy was performed on 6 dogs which died suddenly after the 
ligation Besides the area of ischemia produced by the arterial ligation, one or 
more smaller pale grayish areas were seen in other regions These areas resembled 
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the primary infarcted area except in location and size No such ischemic-looking 
areas were observed in the hearts of dogs dying as the result of acute ligation 
of a coronary artery performed while they were under anesthesia 

Group 4 — Liffatwn of the cncum'flev blanch of the left coionaty ailety in the 
consciom state 

Sudden ligation of the circumflex branch was effected in 16 dogs twenty-four 
hours after the preparatory operation Electrocardiographic records were obtained 
before, during and after ligation In 5 animals continuous readings of the blood 
pressure were obtained All 16 animals experienced pain, as evidenced by whining, 
restlessness, excitement and dilatation of the pupils Twelve animals died suddenly 
after the ligation This mortality of about 75 per cent is to be compared to that 
in group 2 (ligation with anesthesia), in which the mortality was about 25 per cent 



Fig 7 — Lead II, showing changes following ligation of the circumflex branch 
in the anesthetized dog In A, note early elevation of the RT segment, ventricular 
tachycardia and fatal fibrillation B, suivival type of record 

Changes vi the Blood Piessuic — In a typical case the blood pressure fell from 
a normal of 120 to 100 within five seconds of the ligation ( This first decline in 
pressure was observed in all cases of sudden occlusion of the coronary artery ) The 
blood pressure continued to fall, reaching a level of 70 within seventy seconds 
At this point a sudden decrease to about 40 occurred, coincident with the onset 
of ventricular fibrillation The decline in blood pressure to zero was then rapid 
It will be recalled that in the animals surviving ligation of the circumflex branch 
produced while they were under anesthesia (group 2) a second fall in blood 
pressure was observed In these dogs the second deciease coincided with the onset 
of cardiac irregularities which did not continue to fibrillation With the return 
of the heart beat to normal rhidhoi the blood pressure returned almost to normal 
In the few surviving animals in group 4, the second fall in blood pressure 
also coincided with the onset of tachvcardia, but as fibrillation did not intervene 
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the pressure gradually returned to normal with the reestablishment of a normal 
cardiac rhythm 

Elccirocmdiogi aphtc Changes — The typical electrocardiographic changes which 
occurred m 75 per cent of the animals in this group are illustrated in a series of 
lead II records taken before and immediately after ligation (fig T A) Within 
thirty-five seconds a marked elevation of the ST isoelectric segment (leads II 
and III), with a change in the amplitude and contour of the T wave, w'as evident 
Extrasystoles were followed by the onset of ventricular tachycardia, wdneh w'as 
well established in ninety seconds Fatal ventricular fibrillation rapidly intervened 
and continued, with gradually decreasing amplitude, for as long as fifteen to Unity 
minutes after its onset 

The electrocardiographic changes which occurred in the surviving animals 
(25 per cent) also showed ele\ation of the ST isoelectric segment (leads II and 
III), changes in the T w'^ave and extrasystoles (fig 7 B) Ventricular tachycardia 
and fibrillation did not occur The late inten'al records are similar to those of 
group 2 

Pathologic Changes — The infarct produced by ligation of the circumflex branch 
differed from the one produced by ligation of the anterior descending branch only 
in location and size In addition, one or more small ischemic-looking areas, inde- 
pendent of the primary infarct, w'ere observed at autopsy These areas, absent in 
the anesthetized dogs, also suggest that the higher mortality for the conscious 
animals is the result of a mechanism which is minimized by the anesthetic 

Additional Experiments — In order to ehminatae the possibility that dis- 
placement and traction of the heart played some role in the increase of mortality 
following ligation of a branch of a coronary artery in conscious dogs, a series of 
animals was prepared as m group 4 After the chest was closed, but w’lth the 
animal still under the anesthetic, sudden occlusion was pioduced by pulling the tw'o 
ends of the loosely tied ligature The mortality was the same as in group 2 
(20 to 25 per cent), m which the ligation was completed in the open thorax with 
the animals under anesthesia 

COMMENT 

In the dog the left coronary artery, after giving oflf deep septal 
blanches, divides almost immediately into the anterior descending and 
the ciicumflex branch The distribution of the anterior descending 
blanch is compaiable to that m the human being The circumflex branch 
is, howevei, much the larger branch and supplies a greater area of the 
myocardium than either the anterior descending branch of the left or 
the right coionary aitery The circumflex branch supplies marginal and 
atrial branches and, continuing on to the posteuor suiface, becomes the 
posterior descending branch In the human heart the posterior descend- 
ing branch is the termination of the right coronary artery 

Thus, ligation of the circumflex branch of the left coronary artery 
produces infarction of a greater extent than ligation of any other branch, 
and electrocaidiogiaphic recoids after such ligation show evidence of 
posteiioi infarction The right coronary artery, according to our experi- 
ence, can be ligated without increasing the moi tahty beyond that expected 
in thoracic opeiations (less than 1 per cent) We have found also that 
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dogs in which the circumflex bianch of the left coionaiy aitery has been 
ligated while they were under anesthesia are relatnely able to tolerate 
subsequent ligation of the light coionary artery Similarly the right 
coronary aitery can be faiily safely ligated in dogs which have had the 
anterior descending branch of the left coronary artery ligated hile they 
were under anesthesia None of the dogs suivived when the third large 
branch was ligated at a later operation 

The collateial or anastomosing coronaiy circulation, as in the human 
heart, is much more abundant m the old than in the }Oung Howevei, 
3 mung dogs and pups, although this anastomosis is not neaily so well 
developed, are much more tolerant to occlusion of a large coionary 
arteiy than old dogs This has been well illustiated in experiments 
during the past three years For example, 2 old dogs in which the 
anterior descending branch of the left coionary arter}’- was tied while 
the}^ were under anesthesia died immediately after ligation, whereas 
many pups (3 months old) and young adult dogs leadily survived this 
operation (90 per cent) It would seem, m general, that as the age 
of the animal increases the mortality following ligation of a coronary 
artery likewise increases This possible complicating factor was elim- 
inated m the present senes by using young adult dogs m all groups, 
except m those cases specifically cited 

The experiments leported m this paper show, as others have previ- 
ously shown, that laige aieas of the myocaidium can be tendered ischemic 
by ligation of various branches of the coionary arteiies in the anesthet- 
ized animal with a relatively low mortality When similar ligations are 
performed in the conscious animal the moitality is greatly mci eased 
When the anterior descending bianch of the left coronary arteiy is 
ligated in the anesthetized dog the mortality is less than 10 per cent 
When the same branch is ligated in the conscious dog the mortality 
immediately increases to about 40 per cent Similarly, when the circum- 
flex branch is ligated m the anesthetized dog the mortality is about 
25 per cent, while ligation of the same branch in the conscious dog is 
attended by a mortality of about 75 pei cent, as shown in the accompany- 
ing table 

Morlahty m the Four Groups of Erperwicnts 


Group 

Branch Ligated 

Ancs 

tliesia 

1 

Anterior descending 

Yes 

2 

Circumflex 

Yes 

3 

Anterior descending 

Ko 

4 

Oireumflex 

No 


Sudden Penth 



r 




3Ior- 

Dclaved 

Death 

No of 

% 

12 

21 

talitj, 

(Cardiac), 

Dogs 

Hr 

Hr 

Hr 

% 

14 Bays 

17 

1 

0 

0 

<10 

0 

23 

5 

0 

1 

25 

0 

22 

7 

2 

0 

40 

1 (rupture) 

1C 

6 

3 

2 

75 

1 (cardiac 
failure) 
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The primal y mfaict produced is of couise lelatnel} the same size 
in the anesthetized and in the conscious animal Why then is there such 
an mciease in mortality foi the conscious dog^ This maj be bi ought 
about thiough several mechanisms Pei haps the sudden accumulation 
of metabolites, with an increase in lactic acid at the expense of glycogen, 
m the ischemic aiea sets up affeient s)''mpathetic impulses These may, 
in turn, initiate efferent parasympathetic vasoconstrictoi impulses which 
produce spasm of the medium-sized and the smallei coionaiy aiteiies 
and arteiioles This mechanism would lesult in the production of 
relatively large areas of ischemia secondary to the primary infaicted aiea 
Undei these conditions distuibed conduction and contraction are inev- 
itable, and exti asystoles, tachycardia and fatal fibi illation, in that 
sequence, might conceivably follow 

If the secondar}^ ischemia were less, the disturbances would likewuse 
be lessened and fibrillation might not be initated Recovery w'ould then 
be possible The animals in groups 2 and 4 which did suivive show^ed 
evidence of pain equal to that exhibited by the animals wdiich did not 
survive In the anesthetized condition, wdien pain could not be mani- 
fested, it is possible that such reflex spasm w'as prevented 

Additional support to the obseivation of leflex coronal y aiter 3 >- spasm 
has been obtained in some piehminary experiments A decrease in the 
late at wdiich blood flow'cd through the ciicumflex bianch before, during 
and after sudden ligation of the anterior descending bianch in the con- 
scious animal w’^as lecoided in two instances Whether this deciease w^as 
due to a lefiex spasm of the distal arteiioles oi directl} to the slight 
deciease in the mean diastolic piessure remains to be detei mined 
Experiments wall be piesented in a future paper to show’- that the 
increase in mortalit}’- followang ligation of a coronary aitery in the con- 
scious animal is not the result of changes in the systemic blood pressure 
From other piehmmar}'- experiments, in wdiich smaller branches of 
the coronaiy aiteries were ligated, it seemed that the apical region w^as 
the most sensitive to ischemia and that fibrillation was most readily 
produced when the blood supply to this region was deci eased Pos- 
sibly this may be explained wdien nioie is knowai about the relation 
between the ventricular muscle bundles, the spread of electric activity 
through these muscle bundles and the factors w Inch initiate the sequence 
of events wdiich terminate in fatal ventricular fibrillation 

Although 111 these experiments fatal ventricular fibrillation occurred 
in all the animals wdiich died suddenly after ligation of a coronary 
artery, it is possible that in a much larger series of expeiiments a few^ 
instances of sudden death fioiii heart block w’-ould have been encountered 
A few^ cases of sudden death from lieait block, wath actual electrocardio- 
graphic evidence, liaie been reported m the literature The patients 
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were all known to have cardiac disease and perhaps had been receiving 
drugs, such as digitalis or quinidine 

Experimentally we® have shown that the admmistiation of various 
drugs prior to acute ligation of a coronary artery in conscious animals 
diminishes the incidence of fatal ventricular fibrillation while increasing 
the incidence of fatal heart block 

SUMMARY 

The mortality following sudden occlusion of the anterior descending 
branch of the left coronary artery m the anesthetized dog is less than 
10 per cent For the conscious dog the mortality is about 40 per cent 
For sudden occlusion of the left circumflex branch, the mortality is 
about 25 per cent with anesthesia and about 75 per cent without 
The great increase m mortality for the conscious animal may be the 
result of a reflex spasm of collateral arterioles and small arteiies pro- 
ducing additional areas of ischemia 

All the animals that died suddenly after ligation in the conscious 
state showed evidence of ventricular extrasystoles, tachycaidia and 
fibrillation m that sequence 

8 McEachern, C G , and Hall, G E Unpublished data 
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It has long been agreed that the various forms of xanthomatosis are 
of general medical interest and not simply the expression of a local 
change m the skin In many cases deposits of the same stiucture as 
that of the cutaneous deposits occur m mteinal organs In 1878 Qum- 
quaud advanced the idea that xanthoma is due to changes m the blood, 
hypeicholesteremia, and more recent investigations have established the 
fact that it does concern a disturbance of lipoid metabolism 

Other forms of lipoidosis, such as Gaucher’s disease and Niemann- 
Pick disease, will not be considered at this time , neither will the xan- 
thomatous manifestations m diabetes, myxedema, pregnancy and disease 
of the liver with icterus be discussed 

The constitutional nature of “essential” xanthomatosis is shown 
clearly by its hereditary occurrence Torok ^ observed xanthomatosis 
as a hereditary manifestation m several families, and this has since been 
confirmed by others The localization of xanthoma m the internal organs, 
particularly m the biliary tract and the vascular system and notably in 
the coronary arteries and the cardiac valves, has been observed Less 
frequent localization m various mucous membranes has been described 
also 

The earlier literature gives the impression that localization in the 
liver and biliary tract is more frequent and of greater clinical interest 
than localization m the vascular system In 1873, however, Fagge “ 
described a case of xanthomatosis with cardiovascular symptoms, and 
m 1889 Lehzen and Knauss ^ leported the case of a girl 11 years old m 
whom steadily gi owing xanthomatous nodules, with signs of mitral 
msufficienc}'', had been observed since her third year The girl died sud- 
denly, and postmoitem study revealed extensive xanthomatous deposits 
in the aorta, with narrowing of the isthmus as well as m other large 
arteiies Her sister, 9 yeais of age, also had cutaneous xanthomas 

1 Torok, L Ann de derinat et s\ph i 1109, 1893 

2 Fagge, C H Tr Path Soc London 24 242, 1873 

3 Lehzen, G, and Knauss, K Virchows Arch f path Anat 116 85, 1889 
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Torok ^ mentioned several fatal instances of xanthomatosis with cardio- 
vasculai disease A numbei of subsequent obseivations of similar import 
have been published by vai lous authors ^ They concern mostly young 
persons or persons m their best years who died suddenly from heart 
disease, the anamnesis leveahng other instances of the same nature in 
the families In addition to xanthomas, hypercholesteremia has been 
demonstrated in many of these patients as well as m their relatives 

My attention was directed to this form of cardiovascular disease by 
the publications by Harbitz of his results of extensive and thorough 
studies of cases m Noiway In all previous publications about hereditary 
xanthomatosis associated with heart disease, the authors have seemed 
to take for granted that the condition is decidedly infrequent I observed 
m}^ first patient with xanthoma tuberosum and angina pectoris m April 
1937, and by June I was able to make a preliminaiy repoit of a number 
of cases m which I expressed the opinion that hypercholesteremia is a 
frequent and important factor m heart disease ^ This opinion has been 
strengthened beyond expectation by the study of additional patients, 
many of whom have been referred to me by my colleagues The article 
by Montgomery ° also has confirmed my opinion He has discussed 26 
cases of xanthoma tuberosum, in nearly half of which there were cardio- 
vasculai symptoms In these cases and m 45 cases of palpebral xanthe- 
lasma, Montgomery demonstrated cholesteremia He has stated that 
cardiovascular and other systemic distuibances are frequent m palpebral 
xanthelasma He has also obseived a frequent familial disposition m 
his cases 

In my cases the xanthomatous deposits occurred as xanthelasmas on 
the eyelids and as xanthoma tuberosum Palpebral xanthelasma is the 
more frequent (fig 1) and occurs oftener m women than m men Not 
infrequently xanthoma tuberosum is piesent at the same time, and as 
these two deposits have the same structure, they may be regarded as 
external localizations of the same process Xanthoma tuberosum appears 
as nodes of variable size and number on the extensor surfaces, most fre- 
quently on the fingers, the elbows, the tibial tuberosities and the achilles 
tendons and less frequently elsewhere (figs 2 and 3) The nodes may 
be quite minute (fig 4) and hence are easily missed They are as a 
rule multiple and may be so large as to cause deformities and cosmetic 

4 (a) Arning, E, and Lippniann, A Ztschr f klin Med 89 107, 1920 
(&) Harbitz, F Norsk mag f Isegevidensk 86 321, 1925, 97 695, 1936, 98 1317, 
1937, Tumors of Tendon Sheaths, Joint Capsules and Multiple Xanthoma, Arch 
Path 4, 507 (Oct ) 1927 , Ueber plotzlichen Tod nut naturlicher (d h nicht 
gewaltsamer) Todesursache, insbesondere bei j ungen Leuten, monograph 5, Norske 
Videnskapsakademi i Oslo, Matematisk-Naturvidenskapehg Klasse, 1938 

5 Muller, C Acta med Scandinav, 1938, suppl 89, p 75 

6 Montgomery, H Proc Staff Meet , Mayo Clin 12 641, 1937 
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as well as mechanical disturbances (figs 5 and 6) The consistency 
may vary greatly Below the knee the hardness may simulate a bony 
overgrowth of the tibial tuberosity The nodes do not infiltrate the skin, 
which retains its usual color , but if the skin is stretched, the yellow of 
the xanthoma may be seen The nodes are usually lobulated or finel}'’ 
granular and intimately connected by infiltration with tendons, fascia or 
periosteum The growth is slow and gradual 

The diagnosis of palpebial xanthelasma as a rule is easily made, but 
the condition may be ovei looked, especially when the skin is viinkled 
Xanthoma tuberosum is differentiated without difficulty fiom Heberden’s 
nodes and from deposits of uric acid but may be confused v ith the pads 
on the fingers desciibed by Gaiiod These nodes (fig 7) aie composed 
of fibrous tissue and occur on the doisal sides of the joints between the 
first and second joints of the fingeis (never on the thumb) These pads 
are not uncommon and may occur in families 



Fig 1 (case 13) — Xanthelasma of the eyelids 


It is noteworthy that in xanthomatosis, arcus senilis is fiequent, even 
when the patients are young 

The xanthoma deposits contain cholesterol, 24 9 per cent of the 
dried mass , phosphatide phosphoric acid, 0 26 per cent, and fat, 20 4 
per cent ® 

Xanthoma tissue is composed of large, so-called foam cells, which 
contain lipoids , inflammatory cells of various kinds, including giant cells , 
products of the reaction of the tissue to the hpoid deposits, and in the 
latter stages connective tissue It seems to be the general opinion that 
the arteriosclerotic lesions m xanthomatosis cannot be distinguished 
eithei grossly or microscopically from the lesions of common arterio- 
sclerosis 

7 Garrod, A E St Barth Hosp Rep 29 157, 1893, Bnt A1 J 2*8, 1904 
White, H, and Hale Quart J Med 1 479, 1907-1908 

8 Raeder, G Norsk mag f laegevidensk 97 113, 1936 
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Fig 2 (case 17, family 5) — Xanthoma tuberosum Besides the nodes on the 
elbows, fingers and knees, there were deposits also on tlie achilles tendons and 
xanthelasma of the ej^ehds 



Fig 3 (case 1) — Xanthoma tuberosum of the achilles tendons 
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The real cause of xanthomatosis and other forms of lipoidosis is 
not known , m fact, an understanding of this group of diseases is in its 
early stages It is believed that the lipoids aie deposited m the cells of 
the 1 eticuloendothehal system 



Fjg 4 (case 14) — Xanthoma tuberosum In this case there was just one small 
node , it w'as on the extensor tendon of the middle finger 
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REPORT OF CASES 

The patients came from seventeen families The members of these families 
who appeared to have been or to be affected by xanthomatosis, 76 in all, have been 
grouped as follows 



Fig 5 (case 32) — Xanthoma tuberosum 



Fig 6 (case 5) — Xanthoma tuberosum of the achilles tendons 

(a) The families in which xanthoma tuberosum, eventually also palpebral 
xanthelasma, occurred 
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{h) The families in whicli palpebral xanthelasma occurred 
(c) The families in which there were no changes in the skin or subcutaneous 
tissue but m which the cardiovascular disease occurred in combination with hyper- 
cholesteremia and in which postmortem obser%ations or other factors suggested 
that xanthomatosis might be the mam cause of the cardiovascular disease 



Fig 7 — Garrod's pads — fibrous nodules over the joints between the first and 
the second phalanges of the second and fifth fingers These pads are hereditable 


Genetic charts are presented of families, main members of which have been 
studied (fig 8) 

Determination of the cholesterol content of the blood was made according to 
the Liebermann-Burchard colorimetric method as modified by A Foiling The 
normal limits are 100 to 200 mg per hundred cubic centimeters In e^ery case 
duplicate analyses were made 
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Famthes with Xanthoma Tubeiosiim and Angina Pectoris, Eventually Also 
Palpebral Xanthelasma — Family 1 (fig 9) — A man (case 1) aged 45, an office 
worker, was admitted on April 13, 1937 When about 30 years old he noticed 


O N0 HEmr DISEASE 
OR XmTHOMR 

O HE/IRT DISE/ISE 



XHNrHOM/l TUBEROSUM 


XRNTH PALP 


G HEART DISEASE AND 
XANTH PALP 



HEART DISEASE AND 
XANTHOMA TUBEROSUM 


hig 8 — Key to the symbols employed m the following charts 



tender nodules on the dorsum of several fingers, on the elbows under the patellar 
ligament and on the achilles tendons (fig 3) The nodules, almost symmetrically 
located, increased m size slowly and caused no disturbance except cosmetically 
In 1932 a nodule was removed from the back of one finger, and microscopic 
sections revealed xanthomatous tissue During the past ten years he had had 
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dyspnea on exertion and more recentlj tjpical attacks of angina pectoris, the pain 
stopping with rest or after the taking of glyceryl trinitrate The electrocardiogram 
showed flattened Ti and Ts waves after exertion In 1932 the blood content of 
cholesterol was 331 mg per hundred cubic centimeters, m April 1937 it was 560 
mg per hundred cubic centimeters The blood pressure w^as 125 systolic and 75 
diastolic The Wassermann reaction A\as negative Roentgenograph icalh^ the heart, 
the skull and the extremities were normal 

The patient’s father and mother died of angina pectoris at the ages of 77 and 
66 years, respectively The mother (case 2) Iiad nodules on the hands Of the 
5 siblings, 1 sister (case 3) 36 years old had the same cardiac symptoms on 
exertion as the patient Examination of the heart and the electrocardiogram 
revealed no abnormality Since her twent)'--first yeai she had observed nodules, 
hrst on the heels and then on the elbow's, under both knee joints and on the back 
of the second and third fingers of both hands The cholesterol content of the 
blood was 334 mg per hundred cubic centimeters A second sister (case 4) had 
nodules on both heels but was otherwise well The other siblings seemed well 

Comment — A 45 year old man and his sister aged 36 yeais both 
suffeied from angina jjectons with hypeicholesteremia A second sistei 
had xanthoma tuberosum The father and mother both died of angina 
pectoris, the mother had nodules on the liands 

Family 2 — The first patient (case 5) in this familv was a 76 year old man, 
an architect 1 saw him first in 1935 on account of angina pectoris, from which 
he had suffered in increasing degree for sixteen }ears At that time I did not 
associate the xanthomas, w'hich he had had for forty years, with the angina The 
blood contained 304 mg of cholesterol per hundred cubic centimeters The patient 
died of angina pectoris in June 1937 The xanthomas, which had grown slowly 
in the course of years, were unusually large (fig 6) 

This patient had 3 brothers and 7 half siblings on the father’s side, all of whom 
were well except 1 full brother (case 6) 73 years old who had suffered from 
typical angina pectoris during the past six years For about thirty years he had had 
nodules located much like those in case 5 but smaller The cholesterol content 
of the blood was 440 mg per hundred cubic centimeters The heart W'as normal 
The blood pressure was ISO systolic and 100 diastolic The patient had 5 children, 
1 of whom, a son (case 7) 39 years old, had complained of cardiac symptoms, but 
examination revealed only barely demonstrable thickenings over the terminal 
joints of the second and third fingers The blood w^as not examined for 
cholesterol 

The first patient in this familv (case 5) had 2 sons and 1 daughter One son 
(case 8) had xanthoma tuberosum at both tibial tuberosities, and the daughter 
(case 9) had small xanthomatous nodules at the tibial tuberosities and on the 
dorsum of both long fingers The sister showed a cholesterol content of the blood 
of 350 mg per hundred cubic centimeters Recenth' reports have been receiv'ed 
to the effect that the second son has xanthoma nodules like those of his brother 
(case 8) The father (case 10) of 2 of the patients (cases 5 and 6) had larger 
nodes on the hands (about like those in case 5) and died of angina pectoris at 
the age of 58 years 

Comment — ^A man 76 years old with xanthoma tuberosum and xan- 
thomatosis died of angina pectons about sixteen tears after the disorders 
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weie first noted His fathei had xanthoma tubeiosum and also died of 
angina pectoris A son 41 3 ^ears old and a daughter 36 years old both 
had xanthoma, the daughtei showed hypercholesteremia (350 mg of 
cholesterol per hundred cubic centimeters) A brother 73 years old had 
xanthoma, hypercholesteiemia (440 mg of cholesterol per hundred cubic 
centimeters) and angina pectoiis, and his son had doubtful xanthoma 
nodules and mild anginal symptoms 

Family 3 — A man (case 11) aged 59 years, a warehouse manager, had had 
symptoms of angina pectoris since his forty-eighth year These were still quite 
typical after exertion The blood pressure w'as 160 systolic and 115 diastolic The 
heart was hypertrophic The cholesterol content of the blood was 386 mg per 
hundred cubic centimeteis Xanthoma nodules were present on the fingers, the 



Fig 10 — Family 2 

left olecranon, the tibial tuberosities and the achilles tendons A photograph of 
his mother (case 12), who died in her seventy-third j'eai, showed typical nodules 
on the hands For seveial years before she died she had had pains in the chest 

Family 4 (fig 11) — A w'oman (case 13) aged 67, a widow, had had pain 
m the cardiac region on exertion for moie than ten yeais In 1937 the blood 
pressure was 185 systolic and 100 diastolic There was a systolic murmur over 
the apex of the heart Extrasystoles were noted The electrocardiogram 
indicated a pathologic condition For seventy-two hours before admission to 
the hospital on Jan 4, 1938, she had suffered seveie pain in the chest, and on 
entry the condition was typical of cardiac infarct with collapse (blood pressure, 
110 systolic and 72 diastolic) The blood contained 262 mg of cholesterol per 
hundred cubic centimeters Xanthelasmas were piesent on all the eyelids (fig 1), 
and xanthoma nodules were present on the fingers, the tibial tuberosities (fig 12) 
and the heels The patient died after a week At autopsv (Dr E Waaler) yellow 
nodules were noted at the sites just mentioned The heart weighed 620 Gm The 
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valves were iioimal The coionary arteries were everywhere sclerotic, with >ellow 
spots and plaques, in the circumflex branch of the right coionaiy artery, about 4 cm 



Fig 11 — Family 4 



Fig 12 (case 13) — A xanthomatous node below the knee It was hard and 
might easily have been mistaken for an enlarged tibial tuberosity 

from its origin, was a thrombus The posterior wall of the left ventricle was the 
seat of an infarct, about 6 by 4 cm in size, with hemorrhagic borders The aorta 
was markedly atherosclerotic (fig 13), and the pulmonary artery showed yellow 
deposits (fig 14) Xanthomatous deposits were present m the upper part of the 
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small intestine, being pea-sized yellow raised spots In the left kidney was a W'ell 
circumscribed hypernephroma 

The patient’s father died at an early age of “inflammation of the bowels,” and 
her mother died of cancer of the stomach 1 he patient’s son, aged 42 years, was in 





W 1 


Fig 13 (case 13) — The aoita 

good health, but her sister (case 14) and her brother (case IS) were not The 
sister, aged 56 years, had had anginal symptoms for many years An attack of 
rheumatic fever in 1925 had left no obvious effects on the heart On the back 
of the left hand was a xanthoma tuberosum (fig 4) The cholesterol content of 
the blood was 276 mg per hundred cubic centimeters The electrocardiographic 
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changes in this case greatly resembled those in case 13 In both cases STi and 
especially STs were deflected below the isoelectric line, and there were extrasystoles 
of the same type The patient had 3 daughters (22, 28 and 32 3'ears, respectively) , 
the oldest one had “a nen'ous heart” The brother (case 15), 65 3 ears of age, a 
coal dealer, had noticed for many years that he became short of breath when 
climbing a hill or stairs but was otherwise in good health until October 1937, when 
he had a severe attack of pain in the region of the heart lasting about twelve 
hours Since then he had had pains in the elbows and in the chest on walking 
There was no external evidence of xanthomatous deposits On Sept 16, 1938, the 
cholesterol content of the blood was 378 mg per hundred cubic centimeters Over 
the lower part of the sternum there was a systolic murmur The blood pressure 
was 140 systolic and 110 diastolic The electrocardiogram was abnormal 

The patient had 6 children, all apparent^"^ well save the youngest, a married 
woman 31 3fears old (case 16), who ga\e a ten 3'^ear histor3’- of attacks of pain in 



Fig 14 (case 13) — Whitish yellow spots in the pulmonary artery 

the cardiac region, radiating into the back only There was no dyspnea Glyceryl 
trinitrate was reported to relieve the pain Four years before, during pregnancy, 
a xanthelasma appeared on the left upper eyelid and a xanthomatous nodule on 
the back of the right hand The blood pressure was 125 S3’’stolic and 85 diastolic 
There was no enlargement of the heart, and the electrocardiogram was abnormal 
On September 16 the blood contained 268 mg per hundred cubic centimeters of 
cholesterol 

Comment — Two sisters 67 and 56 years of age, respectively, and a 
brother 65 years old had angina pectoris and hypercholesteremia (262, 
276 and 378 mg of cholesterol per hundred cubic centimeters, respec- 
tively) The sisters had xanthoma tuberosum, and the elder one had 
palpebral xanthelasma This sister, who had hypertension, died of car- 
diac infarction There was extensive atherosclerosis of the aorta and 
of the pulmonary artery , there were also xanthomatous nodules m the 
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small intestine The brothei, who showed no signs of external xan- 
thomatosis, had 6 children One daughtei 31 years old piesented 
xanthelasma on the left eyelid, xanthoma tuberosum on the light haild 
and hypercholesteremia (286 mg of cholesterol per hundred cubic centi- 
meters) For about ten years she had had cardiac pain on exertion 
The most remarkable feature of the disorder in this family seemed to be 
that the highest cholestei ol content of the blood was found m the patient 
who had no changes in the skm 

Family S — A man (case 17) aged 51, a shipping agent, had pneumonia m 1917 
and icterus and nephritis eight or ten years before entry He had rheumatic fever 
four or five times between 1911 and 1930 For many j^ears he had had nodules 
on the hands, elbows, knees, heels and eyelids (fig 2) Repeated efforts had been 
made to remove the palpebral deposits, but they had alwaj's returned During 
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Fig 15 — Famil}'’ 6 


the last ten years he had had palpitation and dyspnea on walking and in the course 
of the last three months precordial pains radiating to the left arm The pain 
came on only on walking and disappeared when he remained quiet or took glyceryl 
trinitrate On June 6, 1938, the blood pressure was 130 sj'stolic and 90 diastolic 
There was no enlargement of the heart A weak systolic murmur was heard over 
the apex, the electrocardiogram was abnormal The cholesterol content of the 
blood was 435 mg per hundred cubic centimeters There were large, intensely 
yellow xanthelasmas on both lower eyelids and xanthomas of varying consistencies 
on the fingers and elbows, about the knees anteriorb^ on the achilles tendons and 
along the dorsum of each foot There was no history of xanthomatosis m these 
cases Of the 3 siblings, a sister (case 18) has xanthelasma of the eyelids, but 
whether she has nodules elsewhere is not known 

Family 6 (fig 15) — A man (case 19) aged 49, an agent, suffered with a 
gastric ulcer from 1920 to 1922 but was otherwise well until eight or ten years 
before entry, when exertion was followed by constricting pain across the chest and 
into the arms which subsided with rest These attacks had become worse, and he 
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had had to give up rowing, skiing and other activities and had had to move slowl}'' 
even on flat ground On Sept 26, 1938, the blood cholesterol value was 336 mg 
per hundred cubic centimeters The electrocardiogram was abnormal (infarction) 
The right upper eyelid showed a small yellow deposit, the right hand a small 
thickening on the back, and the tibial tuberosities typical xanthomas 

In her last years the patient’s mother (case 20) had cardiac pains and dyspnea 
There is reason to believe that she had palpebral xanthelasma She died at 63 of 
heart disease She had 3 brothers and 3 sisters Two of the brothers were well , 
the younger one (case 21), 44 years of age, was examined, the blood cholesterol 
value was 270 mg per hundred cubic centimeters The third brother (case 22) 
died suddenly at 40 years of age , he had suffered from angina pectoris, but whether 
he had xanthelasma or xanthoma is not known There was a positive reaction 
to the Wassermann test of the blood One sister (case 23) died suddenly m 1937, 
at the age of 51 years, after having had chnicall)'^ typical angina pectoris for some 
time She also had xanthelasma on all the eyelids Prof H Salvesen had charge 
of the two last-mentioned patients (cases 22 and 23) and found that both had 
typical angina pectoris without hypertension, physical examination of the heart 
revealing no abnormality 

The uncle (case 24) on the mother’s side of 1 patient (case 19) was 53 years 
old when he died suddenly while sitting in an automobile 

Comment — A man aged 49 years with xanthoma tuberosum and 
hypercholesteremia (336 mg of cholesterol per hundred cubic centi- 
meters) had angina pectoris His mother had died at the age of 64 of 
heart disease and had had palpebral xanthelasma A brother and a 
sister of the patient both died suddenly, at 49 and 51 years, respectively, 
after having had angina for several years The sister had extensive 
palpebral xanthelasma The patient’s maternal uncle also died suddenly 
One of the patient’s brothers, 44 years old, has cholesteremia 

Family 7 — A married woman (case 25) aged 38 was referred to me by Dr 
Scott Mathiesen, who had removed xanthelasmas from her eyelid These appeared 
in January 1937 after a cold There was a soft nodule about the size of a hazelnut 
on each achilles tendon She had rheumatic fever in 1935, the heart did not 
seem to be affected I examined her on May 24, 1938 She said she felt well, 
became a little short of breath on exertion but went swimming, cycling and skiing 
There was a weak systolic murmur at the apex of the heart There was no enlarge- 
ment The electrocardiogram was normal The blood pressure was 120 systolic 
and 80 diastolic The cholesterol A^alue of the blood was 500 mg per hundred 
cubic centimeters On September 20 she consulted me again Early in July an 
attack of severe pain m the chest set in as she was cycling homeward in a hurry on 
account of ram After that she had similar but less acute pain after much less 
severe exertion The pains had not radiated into the arms The heart seemed 
normal The blood pressure Avas 120 systolic and 65 diastolic The cholesterol 
A^alue of the blood Avas 438 mg per hundred cubic centimeters The palpebral 
xanthelasmas had returned Her 4 children, 8 to 18 years old, Avere all Avell Of 
her 4 siblings, 2 had died (pneumonia and brain tumor, respectiA'ely), and 2 were 
well Her father, a physician aged 76, had had angina pectoris since about the age 
of 60, her mother (case 26) had died suddenly on the street, having had angina 
pectoris during the previous year, she was said to have had palpebral xanthelasma 
The patient’s grandmother (case 27) died suddenly of heart disease at the age of 57 
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Family 8 (fig 16) — An unmarried woman (case 28) aged 42, an office 
assistant, was referred to me by Dr Scott Mathiesen She had influenza in 1918 and 
anemia with achylia gastrica in 1922 In 1923 a physician found that she had 
heart disease, but there were no special symptoms until in February 1938, when 
attacks of pain in the cardiac region, radiating into the chest, the back of the neck 
and the top of the larynx, appeared when she was walking The attacks ceased 
when she stopped walking and took glyceryl trinitrate Xanthelasma palpebrarum 
was present, and there were also hard nodes at the tibial tuberosities The blood 
pressure was 130 systolic and 90 diastolic The area of cardiac dulness was 
increased, there were systolic and diastolic murmurs at the apex The cholesterol 
value of the blood was 305 mg per hundred cubic centimeters The patient had 3 
living brothers and 1 sister, 36 to 42 years of age One of the brothers (case 29), 
41 years old, had had typical palpebral xanthelasmas which had disappeared 
spontaneously The cholesterol value of the blood was 235 mg per hundred cubic 



centimeteis Iheie were no signs of heart disease or xanthomatosis in the other 
brothers (1 had a cholesterol value of 203 mg per hundred cubic centimeters) or 
m the sister (the cholesterol value was 129 mg per hundied cubic centimeters) 
One brother (case 30) died at the age of 33 of heart disease, he had had 
rheumatic fever several times, and autopsy showed chronic rheumatic endocarditis 
and pericarditis as well as calcification of the mitral valves I obtained this 
information from Dr R Hatlehol Ihe father (case 31) of these siblings died 
suddenly at 56 of angina pectoris He had palpebral xanthelasma Of his 3 
sisters, the youngest (case 32) presented herself for examination- She was 76 
years old and unmarried Since about the age of 70 she had suffered from pain 
over the sternum and extending into the neck and both arms to the wrists The 
pain came on with walking and especially soon after eating but disappeared with 
rest Since about 45 years of age she had had palpebral xanthelasma and nodules 
on the back of the fingers (fig 5), elbows and heels The nodules had grown 
slowly The heart was apparently normal The blood pressure was 150 systolic 
and 85 diastolic The cholesterol value of the blood was 425 mg per hundred cubic 
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centimeters I had the opportunity of seeing the next youngest sister (case 33), 
aged 78 years Six years previously she had herpes zoster m the left shoulder , 
otherwise she had enjoyed good health until about two yeais ago, when she began 
to have attacks of precordial pain when she walked or did heavy housework, but 
'the pain disappeared with rest The blood pressure was 150 systolic and 75 diastolic 
The cholesterol value of the blood was 352 mg per hundred cubic centimeters 
Xanthelasma of the lids was barely visible There were xanthomatous deposits 
(noticed first when she was in her fifties) on the fingers, tibial tuberosities and 
achilles tendons The heart was somewhat enlarged toward the left, and there 
was a systolic murmur over the apex 

The third sister (case 34), the oldest, died of heart disease at 70, having had 
pains in the chest, xanthelasmas and xanthomas 

The father of these 4 patients died suddenly when running to catch a train He 
had 2 brothers and 1 sister One biothei, the oldest of the 3, died at 88, the cause 
being unknown The next oldest (case 36), the sistei, also died of unknown cause 
at 71, having had large palpebial xanthelasmas The other brother (case 37) died 
at 71 suddenly on the way to his office, he had nodules on the hands as well as 
xanthelasmas This brother had 3 children, but nothing is known about them 
except that the youngest, a daughter (case 38), died of heart disease at 78 
Professor Harbitz, her physician, told me that she had extensive arteriosclerosis, 
large palpebral xanthelasmas and nodules on the hands 

Comment — In this family m three generations xanthomatosis and 
heait disease occurred m 7 persons, only xanthelasma m 2 and heart 
disease without any changes m the skin in 2 In the 9 cases of heart 
disease the indications were that angina pectoris occurred in 7, 3 patients 
dying suddenly In 4 members with signs of xanthomatosis, hypercholes- 
teremia was noted (235, 305, 352 and 425 mg of cholesterol per hundred 
cubic centimeters, respectively) In 2 others, who seemed to be well, 
the cholesterol values were 203 and 142 mg per hundred cubic centi- 
meters, respectively 

Families zmth Palpebral Xanthelasma and Angina Pectoris — Family 9 — A 
widow (case 39) aged 64 had been well until February 1937, when she became 
dj’-spneic and felt pressure in the throat on walking up hill A physician prescribed 
glyceryl trinitrate, which seemed to help her On March 27, 1938, she suffered 
a severe attack of pain in the chest which lasted for two hours, with dyspnea 
There was palpebral xanthelasma The cholesterol value of the blood was 270 
mg per hundred cubic centimeters The electrocardiogram showed infarction of type 
“Ti” , no enlargement of the heart or murmurs were noted The patient died suddenly 
on Sept 2, 1938, without any marked change in her general condition Her 
parents died of unknown causes , a sister aged 70 had diabetes , a brother aged 68 
was well 

Family 10 — From 1928 to 1930 I had under my care a married woman 
(case 40) aged 55 years who had angina pectoris and xanthelasmas on all the eye- 
lids The angina began in February 1928, and the xanthelasmas were noticed first 
in 1922 She at present is under the care of Dr Olaf Romcke, of Drammen, 
Norway, who has informed me that the xanthelasmas now surround both eyes and 
that the angina, which is alleviated by glyceryl trinitrate, remains about as in 1928 
The cholesterol value of the blood in October 1938 was 454 mg per hundred cubic 



692 


ARCHIVES OF INTERNAL MEDICINE 


centimeters In the electrocardiogram, Ti was flattened and T 2 negative Of the 
patient’s 6 siblings, 3 died while young, 1 boy died of heart disease at 14 , a brother 
(case 41) died of heart disease at 60, the surviving brother (SO years old) is well 
The surviving sister (case 42), who is 53 years old, has xanthelasma about both 
eyes and anginal symptoms Her heart is apparently normal The cholesterol 
content of the blood was 535 mg per hundred cubic centimeters in October 1938 
The mother (case 43) of these patients died at 54 of angina pectoris, she had 
palpebral xanthelasma 

Family 11 (fig 17) — A married woman (case 44) aged 68 was under my care 
for several years on account of angina pectoris In June 1937 she reported that 
she was worse I then noted xanthelasma on the upper left eyelid, this had been 
present at least thirty years About twenty-five years previously a similar spot 



had been removed from the right upper lid There were doutbtful xanthomatous 
deposits on the fingers The blood pressure was 140 systolic and 95 diastolic The 
cholesterol content of the blood was 234 mg per hundred cubic centimeters The 
electrocardiogram suggested previous myocardial infarction 

The paternal grandfather (case 45) and the father (case 46) died of angina pec- 
toris, at 85 and 64 years of age, respectively, a sister (case 47) and a brother (case 
48) also died of angina pectoris, at 61 and 68 years, respectively I treated the sister, 
who had anginal symptoms for many years and died of cardiac infarct I am 
unable to say whether she had any cutaneous deposits Her son (case 49) came 
under my observation a few years ago, he was then about 40 and complained of 
typical anginal symptoms , he died suddenly at the age of 42 The cause of the 
angina in this case was discussed with Dr Olaf Bang, who referred the patient to 
me, now, when the case is considered in the light of the family history, the cause 
seems plain enough Finalb”^, the last patient had a sister (case 50), 53 years 
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old at the time of writing, who had presented signs of mitral stenosis since youth 
and more recently had possibly presented signs also of aortic stenosis, but without 
the history of any infectious disease as a basis She has hypercholesteremia (338 
mg of cholesterol per hundred cubic centimeters) , there are no signs of xantho- 
matosis 

Comment — In four generations of this family there have occurred 7 
instances of heart disease, mostly of angina pectoris Two of these 
patients showed hypercholesteremia (234 and 338 mg of cholesterol per 
hundred cubic centimeters, respectively), and 1 had palpebral xanthe- 
lasma 

Family 12 (fig 18) — Dr H G Dedichen referred to me a widow (case 51) 
79 years old with aortic insufficiency, angina pectoris, hypertension, palpebral 
xanthelasma and hypercholesteremia (225 mg of cholesterol per hundred cubic 



Fig 18 — ^Family 12 


centimeters) The electrocardiogram showed bundle branch block of the usual 
type The Wassermann reaction was negative She had rheumatic fever when 
12 to 14 years old In three generations of her family, 7 members died of heart 
disease, 4 of them suddenly The father (case 52) died suddenly at the age of 78 , 
the mother died of typhoid at 52, a sister (case 53) died suddenly at 70 of heart 
disease while sleeping, her daughter (case 54) aged 50 died on the street while 
on her way to her physician because she had pains in the cardiac region, and her 
son (case 55) died of cardiac disease 

The next oldest of the 6 sisters (case 51) died at 80 of unknown cause She 
had 11 children, among them 2 daughters (cases 56 and 57) and a son (case 58) 
who died of heart disease at 22, 53 and 58 years, respectively Of these siblings, 1 
survivor is a woman aged 50 who has no cutaneous deposits or sign of heart disease 
The cholesterol content of the blood is 226 mg per hundred cubic centimeters 
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Family 13 — A married woman (case 59) 41 years old had yellow spots on all 
her eyelids which returned after being removed twice She had had anginoid pains 
as long as she could remember but not tj'pical angina pectoris The heart appeared 
normal on examination , the cholesterol content of the blood was 270 mg per hundred 
cubic centimeters Her mother (case 60) aged 65 complained of dyspnea and had 
to walk slowly She had yellow spots on both upper lids Her maternal uncle 
(case 61) died suddenly on the street at 65 years of age, 1 sister (case 62) died 
of heart disease at 52, her husband (case 19), not a blood relation, was a member 
of family 6 

Family 14 — A married woman (case 63) aged 55 had noticed a yellow spot 
on the right upper eyelid for two years , it appeared soon after an attack of biliary 
colic For SIX years she had had dyspnea on exertion and a disturbed heart action 
On Feb 19, 1938, a cerebral embolism caused paresis of the left side and difficulties 
of speech On Afarch 3 there was typical mitral stenosis with auricular fibrillation 
The cholesterol content of the blood was 235 mg per hundred cubic centimeters 
The electrocardiogram indicated a pathologic condition There was no family 
history of heart disease or of xanthomatosis 

Favnhes with Ptobable Xanthomatosis and Angina Pcctous Without Xanthoma 
oi Xanthelasma — Family 15 — A man (case 64) aged 58 for about a year had had a 
burning sensation behind the stei num and a tender spot under the left clavicle, espe- 
cially after physical exercise In April 1927 the heart was normal, the blood pressure 
was 140 systolic and 90 diastolic, and the electrocardiogram showed infarction of 
“type Ti ” The blood cholesterol was 300 mg per hundred cubic centimeters He 
died after an automobile accident, with multiple cerebral hemorrhages, extensne ath- 
erosclerosis in the aorta (fig 19) and pulmonary arteries, and mjmcardial fibrosis 
(autopsy by Dr E Waaler) The patient’s brother (case 65) aged 65 consulted me 
in April 1937 on account of pains in the chest for three \ears Since 1914 he had 
been treated for syphilis The Wassermann test gave a negative leaction The 
blood pressure was 220 systolic and 110 diastolic The cholesterol content of 
the blood was 263 mg per hundred cubic centimeters There ■was accentuation of 
the second aortic sound The electrocardiogram showed an abnormal condition 
This patient’s daughter (case 66) aged 35 was examined on Oct 1, 1938, and 
was found to have mitral stenosis and hypercholesteremia (338 mg of cholesterol 
per hundred cubic centimeters) A sistei (case 67) of the 2 brothers died at 47 
of heart disease associated with \iolent pain There ha\e been se\eral cases of 
heart disease among relatives of the mother 

Family 16 — A married w'oman (case 68) aged 59 had transitory angina 
pectoris m her forty-seventh year, the symptoms reappearing m her fifty-seventh 
year, followed m about half a year b 3 ’' cardiac infarction (type Ti) and then 
signs of ceiebral embolism She continued to have angina on exertion, hypertension 
and hypercholesteremia (273 mg of cholesterol per hundred cubic centimeters) 
Both parents had cardiac symptoms, the mother (case 69) dying of angina pectoris, 
as did also the sister (case 70), at the age of 60, a second sister (case 71), who 
was 50 years old, had had symptoms like those of the patient There was no history 
of xanthomatosis m the family 

Family 17 — Two brothers (cases 72 and 73) had cardiac infarction of type HI 
at 44 and 38 years of age, respectively Both had hypercholesteremia (300 and 214 
mg of cholesterol per hundred cubic centimeters, respectively), as did also an 
insane sister (case 76), who otherwise seemed well (222 mg per hundred cubic 
centimeters) The mother (case 74) died of heart disease at 57 and the father 
(case 75) of heart disease with dropsv 



MULLER—ANGINA PECTORIS IN XANTHOMATOSIS 695 


COMMENT 

The foregoing histones deal with 76 persons (32 men and 44 women) 
of interest to the subject of this paper I have myself examined 33 of 



Fig 19 (case 64) — The aoita 


these persons, concerning the rest I have given the information that I 
have obtained from others The ages varied from 31 to 85 years, the 
average for the living membei s being 56 3 years and for the deceased 
ones 60 9 yeais Most of these persons were office workeis or teachers 
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The laboring class was not represented, m spite of the fact that most of 
my patients come from that class 

Of the 76 persons, 68 appeared to have had heart disease, while 8 
had xanthelasma only Of the 68 persons, the diagnosis of angina 
pectoris seemed indicated m 59, of whom 38 have died, 14 suddenly, 
in 11 cases signs of cardiac mfaiction were found, and 3 of these 
persons have died In 11 cases heart disease was reported but without 
information as to its nature, presumably 5 have had valvular lesions 
In 6 of the 33 patients I examined hypertension (160 systolic or more) 
was found Syphilis was mentioned m the history m 2 cases, but the 
Wassermann reaction was negative No positive reaction to the Wasser- 
mann test was obtained, but the test was made m only a small numbei 
of cases Five of the patients had had acute rheumatic fevei, and in 
1 case (case 30) death no doubt resulted from rheumatic carditis 
Case 51 concerns a woman 79 years old who had rheumatic fever when 
12 or 14 years old and now has signs of aortic insufficiency and typical 
angina pectoris The 3 other patients who had had rheumatic fever 
had no valvular disease but showed signs of angina pectoris , presumably 
they did not have rheumatic heart disease 

In the seventeen family histones xanthoma tuberosum was noted 
alone or combined with xanthelasma m 8 families , in six families there 
were recoids of xanthelasma only, m 3 there were no records of cuta- 
neous changes Cutaneous xanthomatosis m one form or another occurred 
in 38 persons, xanthoma tuberosum in 24 and xanthelasma in only 14 , 10 
had both forms at the same time Undoubtedly instances of xanthomatosis 
have been missed because the persons were not examined or because they 
were examined before I knew about its significance 

The quantity of cholesterol m the blood Avas estimated for 37 patients , 
the amount varied from 129 to 560 mg per hundred cubic centimeters 
In all except 2 cases hypercholesteremia was found, and m these 2 cases 
there were no signs of xanthomatosis or heart disease Of persons who 
had neither sign of heart trouble nor xanthomatosis, it was possible to 
obtain specimens of blood fiom only a small number, hence there is 
no way of knowing how many of the apparently well persons had 
hypercholesteremia and were hereditaiily predisposed to it The cho- 
lesterol content of the blood in the remaining 35 persons was 
as follows Eight had 200 to 250 mg , 10, 251 to 300 mg , and 
17, more than 301 mg , per hundred cubic centimeters Hypercholester- 
emia, in some cases severe, consequently is commonly found In 16 
instances of xanthoma tuberosum, with or without xanthelasma, the 
average cholesterol content of the blood was 362 mg per hundred cubic 
centimeters, in 8 instances of xanthelasma only the average was 307 mg 
per hundred cubic centimeters and m 13 instances of external xanthoma- 
tosis the aA'^erage was 256 mg per hundred cubic centimeters Thus, 
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hypercholestei emia is most maiked in connection with xanthoma tuber- 
osum, but there seems not to be any definite relation between hyper- 
cholesteremia and deposits in the skin In family 4, for instance, the 
highest content (378 mg ) was obtained in case 15, in which theie were 
no cutaneous changes, but for the patient’s sisteis (cases 13 and 14), both 
with xanthoma tuberosum, the values were lower — 262 and 276 mg 
per hundred cubic centimeters, lespectivel}'- Neithei does it appear that 
theie IS any definite relation between the cardiovascular changes and 
the degree of hypercholestei emia Thus, for 7 persons who were appar- 
ently noimal except for palpebial xanthelasma and whose family lecords 
showed no heart disease, the cholesterol content of the blood was 300 
mg per hundred cubic centimeteis These patients are not included in 
my case leports 

The leports I have presented confiim the pievious obseivations on 
xanthomatosis as a cause of hereditary heart disease They reveal 
furthei that the syndrome of cutaneous xanthomatosis, hypercholestei - 
emia and angina pectoris presents itself as a well defined clinical disease 
entity in the first, second, third and fourth generations, that is, as a 
dominant hereditary disease There can be hardly any doubt but that 
xanthomatous deposits m the coionary aitery and consecutive myocaidial 
ischemia aie the cause of the angina pectoris That the disease may 
cause changes in the mitral and aortic valves is shown in earlier obser- 
vations, both clinical and anatomic, as illustiated peihaps by cases 
28, 50, 51, 63 and 66 

The case leports also show — and this is an important clinical obser- 
vation — ^that the form of angina pectoiis under discussion may occur 
in patients without external xanthomatosis The data on families 4 
and 11 illustiate that xanthomatosis may occur in a few members or 
only 1 member of a family, while lelatives have heart disease and hyper- 
cholesteremia I have listed also families 15, 16 and 17, in which 
external xanthomatosis was not demonstrated at all In favoi of 
xanthomatosis as the cause of heart disease in these three families were 
the hereditary occurrence and the hypeicholesteremia I wish to men- 
tion, too, the postmortem observations in case 64 (family 15), which 
resembled notably those in case 13 (family 4), in which xanthoma 
tuberosum was piesent 

Of great clinical mteiest is the observation that in xanthomatosis, 
angina pectoris not only may occur at an early age with sudden death 
but more often appeals as typical angina pectoris, lasting for years in 
middle-aged as well as in old persons, that is, at the time this disease 
usually occuis at 60 to 70 years of age and even later My reports 
also contain examples of the occurrence of angina at an earlier age, 
in 16 cases it commenced before the fiftieth 3 ^ear and in 8 of these 
between the thirty-first and the fortieth yeai 
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Finally, my cases indicate cleaily that xanthomatous heart disease is 
frequent The case reports have been collected m the couise of about 
one and one-half yeais and mainly m the course of my own practice 
How many of the 68 cases of heait disease weie due to xanthomatosis 
cannot be determined That all weie not due to xanthomatosis is pre- 
sumably as certain as that many weie It is lemaikable the small role 
which the usual causes of heart disease — iheumatic fever, syphilis and 
h}'^pertension — appeared to pla} in these cases Hypei tension, which 
usually IS regarded as a hereditar}^ factoi in heait disease, was encoun- 
teied relatively infrequently and then usually in a mild form At the 
same time it is to be noted that the diagnostic value of hypercholesteremia 
must not be exaggeiated, because large or relatively laige values are 
obtained in a number of conditions in spite of the fact that there is no 
essential xanthomatosis But this resen ation mhst not be assigned 
great importance It should be mentioned that the cholesteiol content 
of the blood in ordinal y senile atherosclerosis, according to the recent 
investigations of Koch and Westphal,® as a rule is normal (about 160 
mg per hundred cubic centimeters in 7 of 8 cases, in 1 case being 
260 mg ) The h)'percholesteremia demonstrated in hypertension is 
usually moderate and as a rule much lower than was the case in my 
material Even if my experiences do not permit any final or definite 
statements about the fiequency of the disease, they do leave the impres- 
sion that it must be much more frequent than heretofore recognized 
The frequency is illustrated by the fact that 1 of my families (family 
13) was found by accident because a member (case 59) was married 
(but not related by blood) to a member of another family (case 19, 
family 6) The hereditar} tendency to xanthomatosis and heart disease 
appeals cleaily established in both these families That such instances 
have thus fai been observed so infrequently may be vaiiously explained 
In the first place, the clinicians have not paid attention to the concuirence 
of the factors and conditions on which the diagnosis depends Usually 
xanthelasma is regaided as an insignificant process and peihaps is not 
even noted in the case records, and both xanthelasma and xanthoma 
deposits may be so small as readily to escape observation Determination 
of the cholesterol content of the blood is not carried out loutinely m 
clinical practice, and in the case of heart disease, heredit}'^ is usuall)’' 
regaided as of little importance The patients m question had no 
obvious external peculiarities chaiacteristic of their condition, they all 
looked like ordinary persons Usually the cardiac s)mptoms develop 
at the same age and are of the same kind as those of ordinary angina 
pectoris It must be pointed out also that the anatomic changes in the 
heart and blood vessels are not distinctive and cannot be differentiated 


9 Koch, K , and Westphal, K Deutsches Arch f khn Med 181 413, 1938 
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from common arteriosclerosis either grossly or micioscopically That 
pathogemcally and etiologically distinct diseases, especially chronic dis- 
ease, may lead to the same anatomic changes is illustiated by chronic 
nephritis and chronic arthiitis The heieditaiy occurience of aiterio- 
sclerosis m xanthomatosis, the hypercholesteiemia and the development 
of vascular disease early m life, even m childien, indicate that a special 
form of athei osclerosis is concerned which in any case has well maiked 
clinical characteii sties The interesting question as to whether this 
xanthomatous form of arteriosclerosis can be differentiated anatomically 
from the senile form has not been discussed to any extent m previous 
communications Harbitz,^*^ however, has called attention to certain 
peculiarities of the xanthomatous form Microscopically he found that 
the so-called foam cells are moie marked and moie characteristic than 
m senile arteriosclerosis Macroscopically the deposits are intensely 
yellow, aie more circumscribed, are irregularly distributed and are often 
in the form of nodes or clumps which may become large enough to 
obstruct the circulation In ordinary arteriosclerosis the changes are 
said to be more diffuse The changes m my cases 13 and 64 were, 
however, quite diffuse , in both cases the aorta and its large branches as 
well as the pulmonary artery weie involved The mtimal deposits were 
markedly yellow In case 13 there was considerable calcification, which 
was almost absent m case 34 (figs 13 and 19) The question of the 
identity of the arteriosclerosis in xanthomatosis with senile arterio- 
sclerosis requires further study 

It IS noteworthy that m xanthomatosis the vascular changes so 
frequently manifest themselves clinically in coronary disease and angina 
pectoris In such a “system disease” one would expect also that other 
localizations, first of all the ceiebral arteries, would cause symptoms 
In my series there was only 1 death from apoplexy (case 64, family 15), 
and this patient had at the same time cardiac infarction It may be that 
the coronary arteries do suffer earliei and more than other arteries 
or that lesions m the coronary aiteries give use moie readily to symp- 
toms In this matter also further investigation is needed 

The treatment of the cardiac symptoms in xanthomatosis differs in 
no point from the treatment of cardiac symptoms under other condi- 
tions The patients are benefited by quiet, rest m bed and nitrites 
Is there a causal therapy^ Xanthoma dissemmatum diabeticorum may 
disappear on treatment with insulin and appiopriate diet It has been 
shown that the cholesterol content of the blood can be reduced by a diet 
poor in cholesterol Koch and Westphal ® obtained the same effect with 
thyioid preparations I have ordered a diet poor in cholesterol (no 
yolk of egg, butter, cieam, fat milk or animal fat in general) and thyroid 
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tablets, but I have not been able to formulate any opinion in regard to 
the effects The treatment may be of prophylactic value to persons 
with a hereditary predisposition 

SUMMARY 

Hereditary heart disease due to xanthomatosis is fairly common It 
IS believed to have been demonstrated as a dominant factor in seventeen 
families Xanthomatosis gives rise to a special form of arteriosclerosis 
which IS etiologically and, consequently, clinically different from ordinal y 
arteriosclerosis It is possible that it may be different anatomically, 
too Xanthomatous deposits may cause valvular lesions, but far more 
commonly the changes are in the coronary arteries, with angina pectoris 
This may occur m young but more frequently in middle-aged and old 
persons Symptomatically this form of angina pectoris does not differ 
from the usual form In addition to chronic and long-continued heart 
disease, the condition may cause sudden death Infarction of the myo- 
cardium IS also a frequent result Hypercholesteremia is present, most 
marked in connection with xanthoma tuberosum, but there is no definite 
relation between hypercholesteremia and xanthomatous deposits in the 
skin Xanthomatous cardiac lesions probably may develop in persons 
who have no evidence of xanthomatosis in the skin Xanthoma tubei- 
osum and xanthelasma may be overlooked in clinical examinations and 
may be confused with other cutaneous conditions also The occurrence 
of heart disease in families should direct the attention to xanthomatosis, 
especially when rheumatic fever, syphilis or hypertension does not appear 
to play any role In the cases here reported, hypertension was infre- 
quent Finally, it seems possible that causal and prophylactic treatment 
may prove to be of value 
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The opportunity to observe the course of chronic leukemia from a 
time before the disease has caused symptoms is necessarily rare, and 
few accounts of such opportunities are available m the literature For 
this reason we have thought it worth while to describe several cases 
of very early leukemia which we have studied and to review the 
available infoimation concerning the course of this disease 

An analysis of the cases of chronic leukemia in patients treated at 
the Johns Hopkins Hospital was also prompted by the frequently 
made statement that patients suffering from leukemia may, under the 
influence of infection, exhibit a reversal from a frankly leukemic picture 
to one closely simulating the blood picture of noimal persons and that 
othei manifestations of a remission may appear at the same time This 
statement has been repeated so often that the impression is current that 
it IS common for infections to cause a remission m chronic leukemia 
Our own experience is quite to the contrary 

Finally, because of the recent renewal of interest m arsenical therapy, 
a brief account is given of the comparative effectiveness of irradiation 
and of potassium arsenite in the treatment of leukemia, and the relative 
responsiveness to therapy of the myelogenous and lymphogenous types 
of the disease is discussed 

MATERIAL 

All cases of chronic leukemia in adults who were obser\ed at this hospital 
between January 1926 and August 1938, inclusive, are included in this report 
Two thirds of the patients were personally studied by one of us (M M W), and 
full data regarding the others were available in the hospital records Many of 
the patients were observed at this hospital continuously or at intervals during 
their illness, and by correspondence with the patients, their relatives, friends or 
private physicians, the subsequent course m a number of the other cases was 
ascertained 


From the Department of Medicine, Johns Hopkins University, and the Medical 
Clinic, Johns Hopkins Hospital 
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The diagnosis of leukemia was carefully reconsidered in each instance, and 
only those cases are included which clearly meet generally recognized diagnostic 
criteria The series includes 39 cases of myelogenous and 47 cases of lymphogenous 
leukemia Autopsies were made in 28 cases, 14 of each type Fifteen patients are 
still alive Seven of the 39 patients with myelogenous leukemia and 8 of the 47 
with l}'mphogenous leukemia were Negroes 

SEX AND AGE INCIDENCE 

Of the patients with myelogenous leukemia, 24 (61 5 per cent) 
were males This sex incidence corresponds almost exactly with that 
in the 605 cases collected fiom leports in the literature, as Avell as that 
in the expeiience of Minot, Buckman and Isaacs and in the 180 cases 
retiewed lecently by Leavell,- m both of which groups the proportion 
of males was 60 per cent Of the 82 patients reported on by Hoffman 
and Graver,'* 68 per cent were males 

Thiity-nine (83 pei cent) of our patients with chionic lymphogenous 
leukemia were men The relatively high incidence of this type of 
leukemia in the male sex is well lecognized Seventy-five pei cent of 
Ward’s ^ 84 patients, 74 per cent of the 92 patients reported on by 
Minot and Isaacs ® and 72 per cent of Leavell’s - 128 patients were 
males 

In agieement with the obseivations of many writers, the age at onset 
was earlier m those with myelogenous than in those with lymphogenous 
leukemia (chart 1) In the total of 675 cases reported by Ward,^ 
Minot, Buckman and Isaacs,^ Hoffman and Graver ® and Lea\ ell,- the 
age at the onset of symptoms was most frequently between 30 and 
50 years, and the decade m which the disease was most common was 
35 to 45 years Rosenthal and Hams'* have given 30 to 39 years as 
the decade of greatest incidence In 30 8 per cent of our patients, 
symptoms first developed at this age, and in 72 per cent the age at 
onset was between 30 and 59 years 

1 Minot, G R , Buckman, T E , and Isaacs, R Chrome Myelogenous 
Leukemia Age Incidence, Duration, and Benefit Derned from Irradiation, J A 
M A 82 1489 (May 10) 1924 

2 Leavell, B S Chronic Leukemia A Study of the Incidence and Factors 
Influencing the Duration of Life, Am J M Sc 196 329, 1938 

3 Hoffman, W J , and Craver, L F Chronic Myelogenous Leukemia 
Value of Irradiation and Its Effect on the Duration of Life, TAMA 97 836 
(Sept 19) 1931 

4 Ward, G The Infection Theory of Acute Leukemia, Brit J Child Dis 
14 10, 1917 

5 Minot, G R , and Isaacs, R Lymphatic Leukemia Age Incidence, Dura- 
tion and Benefit Derived from Irradiation, Boston M & S J 191 1, 1924 

6 Rosenthal, N, and Harris, W Leukemia Its Diagnosis and Treatment, 
J A M A 104 702 (March 2) 1935 
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In the cases of chionic lymphogenous leukemia, on the other hand, 
the decade in which the disease was encounteied most often was 60 to 
69 yeais, and m 61 7 per cent of the cases symptoms began between 
the ages of 50 and 69 yeais Again our data are in somewhat hettei 
agreement with those of Rosenthal and Han is, ° who observed this 
disease most frequently in patients between the ages of 50 and 69, 
than with those of Waid,^ Minot and Isaacs ^ and Leavell,~ who found 
the greatest number of cases m patients between the ages of 45 and 54 


Number 
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5 
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Chart 1 — The age at the onset of symptoms in 39 cases of chronic m 3 ’^elogenous 
leukemia and in 47 cases of chronic lymphogenous leukemia 


EARLY PHASE OF CHRONIC LEUKEMIA 

Because of the insidious character of this disease, it is usually recog- 
nized for the hist time after widespread anatomic and physiologic 
abnoimalities have developed As already stated, we have had the 
opportunity to observe a number of patients from a time when symp- 
toms and signs as well as changes in the blood were minimal or totally 
lacking until death occurred and autopsy confirmed the diagnosis, or at 
least until the clinical picture became so characteristic that there was 
little doubt about the correctness of the diagnosis 
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Chronic Myelogenous Leukemia — In 3 patients who subsequently 
showed the typical clinical picture of chronic myelogenous leukemia, 
unexplained leukocytosis was found m the course of routine examina- 
tions following pregnancy in 1 case, for sterility in another and because 
of symptoms suggestive of disease of the gallbladder in the thud 
All 3 were young adults (28, 29 and 28 years of age, respectively) 
In the first patient (M J , chart 2) the spleen was found to extend 
about 2 cm below the costal margin, the liver was just palpable and 
there was slight glandular enlargement in the axillas and groin How- 
ever, there was no anemia, and the leukocytes numbered only 28,000, 
of which 6 pel cent were myelocjdes and a total of 82 per cent were 



Chart 2 — Diagrammatic presentation of the data in a case (M J ) of chronic 
m}'^elogenous leukemia and in a case (H V ) of chronic lymphogenous leukemia 
In each case the disease was discovered early in its course The initial sign in the 
case of myelogenous leukemia was unexplained leukocytosis, that in the case of 
lymphogenous leukemia rvas glandular enlargement 

As indicates treatment with solution of potassium arsenite U S P , airows 
marked “x-ray” indicate when irradiation was given 

myeloid leukocytes The platelets were very numerous (1,200,000) 
Slight anemia developed 4 months after the leukocytosis was discovered 
Six months later the leukocyte count was 116,800 (myeloblasts, 1 per 
cent, myelocytes, 24 per cent) It was 22 months after leukocytosis 
was first discovered before it was thought advisable to give treatment 
The leukocyte count at this time was 377,000 and the led blood cell 
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count 2,590,000, but there weie no complaints This patient is still 
symptomatically well and able to do her housework, 3 5 '-ears after the 
discovery of leukemia 

The second patient (R H H ) showed a leukocyte count at the first 
examination of 77,000 (myeloblasts, 5 pei cent, myelocytes, 25 pei cent) 
and there was slight anemia (red blood cells, 4,200,000, hemoglobin 
14 7 Gm ), but ph}'Sical examination levealed no abnormality except 
for the piesence of a few small lymph nodes in the neck It was 
2 5 years before he sought medical assistance because of weakness 
and iiici eased fatigability At that time the leukocytes numbered 
337,000, and the led blood cell count was 2,860,000 This man has 
received roentgen irradiation recently and is still carrying on active 
executive work without interruption, 4 years after the discoveiy of the 
disease 

The patient whose complaints suggested disease of the gallbladder 
( J S ) was found to be anemic (hemoglobin, 8 7 Gm , hypochromic 
anemia probably due to other causes) and unexplained leukocytosis 
(26,000 cells) was recoided Eighty-five per cent of the leukocytes 
weie segmented neutrophils, and 4 pel cent were juvenile forms Physi- 
cal examination showed no abnormality at this time, and it was not 
until 3 years and 9 months later that the spleen was palpable Four 
yeais and 2 months later, after delivery of a healthy child, the leukocyte 
count was found to be 95,800, the spleen, liver and a few lymph nodes 
weie palpable The red blood cell count was 2,860,000, but this could 
be attributed chiefly to excessive loss of blood at the time of delivery 
The progress of the leukemia in this case has been unusually slow 
The patient was recently admitted to the Johns Hopkins Hospital 
because of an incomplete abortion At the last examination, 5 years and 
4 months after the unexplained leukocytosis was discovered, the liver, 
spleen and lymph nodes weie still only moderately enlarged, the erythro- 
cyte count was 3,090,000 and the leukocytes numbered 92,900 She 
has had no treatment for leukemia and has carried on her housework 
except when interrupted by the aforementioned pregnancy and abortion 

A fourth patient (H R, a man aged 62 years) complained of 
abdominal distress There was no anemia, but the leukocytes num- 
bered 20,000 It was not until 1 year later that the spleen and liver 
were palpable, the leukocytes numbered 80,000, with 5 per cent myelo- 
blasts as well as 25 per cent myelocytes, and there was slight anemia 
(red blood cells, 4,100,000, hemoglobin, 13 Gm ) Another patient 
(C M , a woman aged 34 years) came under obseivation because of 
uterine myomas and was found to have a slightly enlarged spleen but 
scaicely any leukoc 3 dosis (11,000 cells, of which 76 pei cent were 
polymorphonucleai neutrophils) It was 3 years before the spleen was 
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greatly enlaiged The leukocyte count had mci eased to only 40,000 
(15 per cent myeloblasts, 18 per cent myelocytes and 91 per cent total 
myeloid leukocytes, with no anemia) 

In these 5 cases in which chronic myelogenous leukemia was dis- 
coA^eied at a presumably very early stage, it is noteworthj' that 
unexplained leukocytosis (11,000 to 77,000 cells) was the first sign 
of the disease In 2 cases physical examination revealed no abnoimahty 
Anothei patient, whose leukocyte count was as high as 77,000, had 
slight anemia, and only a few glands were palpable in the angles of the 
mandible on careful examination This was the only instance among 
the 5 cases in which anemia attributable to the leukemic piocess was 
found In the cases in which the leukocjde counts were lo'\\, myelocytes, 
which are so chaiactenstic of the blood picture m the fully de\ eloped 
stage of this disease, were absent or few, and the leukocytosis was chiefly 
due to an increase in the number of segmented fotms 

It IS difficult to estimate how long a time would have elapsed before 
these patients would have sought medical aid on account of symptoms 
attiibutable to leukemia One of these patients vas lost sight of after 
the initial examination, at which a leukocyte count of 77,000 was found 
He leturned of his ovn accoid because of weakness, 2 5 yeais later 
A reasonable estimate of the time elapsing fiom the onset of chionic 
myelogenous leukemia until sjmptoms of the disease commonly cause 
the patient to seek medical attention is probably 2 to 5 years or longer 

Chiomc Lymphogenous Leukemia — Data concerning the early phase 
of chronic lymphogenous leukemia were available in 16 cases This 
disease was first discovered in 3 patients when they presented themselves 
because of symptoms due to prostatic hypertrophy These men were 
59, 67 and 72 years of age, respectively In H V (chart 2) the only 
finding suggesting disease other than prostatic hypei ti ophy was enlarge- 
ment of the tonsils and of a few lymph nodes m the axillas Neither 
the spleen nor the liver was enlaiged, there was no anemia and the 
leukocyte count was 8,500 After prostatectomy, glandulai enlaigement 
developed slowly, and after 1 5 yeais the leukocyte count was 29,000, 
with 83 per cent lymphocytes It was 2 3 yeais before the livei became 
palpable, and not until more than 3 years after glandular enlargement 
was first discovered was there the clinical pictuie usually associated 
with lymphogenous leukemia (great enlaigement of the lymph nodes 
and tonsils, 204,000 leukocytes, 3,140,000 red blood cells and a hemo- 
globin value of 10 1 Gm ) Tieatment was instituted shortly afteiwaid, 
but the patient died 3 months later of bronchopneumonia 

The history of W AG diffeied from the foiegoing in that the 
first evidence of lymphogenous leukemia was leukocytosis (52,500 cells. 
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with 97 per cent lymphocytes) with modeiate anemia (red blood cells. 
3,600,000, hemoglobin, 101 Gm ) rather than glandular enlaigement 
This patient died 4 5 yeais lalei of pneumonia In the third case 
(F S ) slight glandular enlargement, splenomegaly and modeiate 
leukocytosis (37,300 cells, with 88 per cent lymphocytes) without anemia 
were the initial findings 

Routine examination, undertaken because sugar had been found m 
the urine, revealed slight cervical and inguinal glandular enlargement, 
leukocytosis (34,000 cells, with 86 per cent lymphocytes) and no anemia 
in a man of 63 years (A E S ) This patient died 5 yeais later A 
psychoneurotic disorder brought E S (a woman aged 61 years) under 
observation Enlargement of the tonsils, a palpable liver and spleen, 
and leukocytosis (61,400 cells, with 82 per cent lymphocytes) without 
anemia were the findings of interest R P E, a man aged 73 yeais, 
was seen because of “indigestion ” There was slight glandular, splenic 
and hepatic enlargement, the leukocytes numbered 16,800, with 60 per 
cent lymphocytes, and there was no anemia He died 2 years later of 
bronchopneumonia 

Unlike the cases of myelogenous leukemia, the finding of unexplained 
leukocytosis was the first evidence of the disease m only about a thud of 
the cases of early lymphogenous leukemia In another third of the cases, 
glandular enlargement was the sign which first attracted attention Fom 
patients observed this themselves By the time they weie examined 
the leukocyte count in 3 instances was still relatively low (19,900, 20,000 
and 32,600, respectively, with 73 to 90 per cent l}mphocytes) In 
only 1 case (M S ) was splenic enlargement the most prominent early 
sign The spleen was so large and the blood findings were so normal 
(leukocytes, 9,000, with l)TOphocytes, 29 per cent) that splenectomy 
was performed, the impression being that this was an example of 
Banti's disease Subsequently the leukocyte count giadually rose, and 
when the patient was first seen by one of us, 2 years later, the leukocyte 
count was 121,000, the lymphocytes numbeied 76 per cent and slight 
glandular enlargement and marked enlargement of the liver were noted 
There was no anemia 

It IS noteworthy that lymphocytosis was piesent in a number of cases 
even when the leukocyte count was still relatn ely low Thus in 2 cases 
m which the leukocyte count was 13,000 and 16,800, respectively, 60 
per cent of these cells were lymphocytes , in 2 cases, m w Inch the leuko- 
cytes numbered 28,000 and 29,000, respectnely, the propoition of 
lymphocytes was 74 and 83 per cent, respective!)’ , in 3 cases, in which 
the leukocytes numbered 32,600, 34,000 and 37,000, respectively, the pei- 
centage of l 3 nuphocytes was 90, 86 and 88 lespectively The early rise 
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in the proportion of lymphocytes was first noted by Ortner/ and its 
diagnostic significance was emphasized by Pinkus,^ by whose name this 
sign IS sometimes known 

Comment — Whereas anemia was not found in the cases of myelog- 
enous leukemia in the very early stages, in several of the cases of 
l 3 TOphogenous leukemia slight anemia was present at what otherwise 
appeared to be an early stage of the disease 

The time interval between the finding of signs which aroused 
suspicion of the presence of l)^mphogenous leukemia and the develop- 
ment of symptoms of the disease, as judged by the records m our cases, 
was about 15 to 2 5 years The earliei recognition of lymphogenous 
leukemia, as compared with that of myelogenous leukemia, in our series 
IS explained by the greater frequency with which glandular enlargement 
sufficient to attract attention occurred in the patients with lymphogenous 
leukemia 

THERAPEUTIC RESULTS 

The results of treatment in cases in which there are adequate data 
aie summarized in table 1 These data are limited to the effects of the 
first course of treatment, because in patients subjected to many courses 
of treatment, it is known that sooner oi later the response becomes less 
satisfactory In the table no distinction is made between the effects of 
radium and of roentgen rays Solution of potassium arsemte U S P 
(Fowler’s solution) was given in the manner recommended by Forknei ^ 
All but 1 of the patients with myelogenous leukemia who were given 
this solution subsequent!) received irradiation , this is also true of 2 of 
the 5 patients with lymphogenous leukemia given this solution Table 1 
therefore gives the results of tieatment in a total of 30 cases of mye- 
logenous leukemia and 25 cases of lymphogenous leukemia 

Potassium arsemte proved to be of no value in a small group of 
cases of lymphogenous leukemia, and in the cases of myelogenous leu- 
kemia the results of treatment with this drug were less satisfactory 
than those following irradiation We have found toxic symptoms 
following the use of potassium arsemte more troublesome than those 
associated with ii radiation, and the effect on the blood has been more 
temporary than that produced by loentgen iriadiation 

The response to irradiation was slightly better in the cases of 
m) elogenous leukemia than in the cases of lymphogenous leukemia In 

7 Ortner, N Leukamie und Pseudoleukamie, Wien klin Wchnschr 3 677, 

1890 

8 Pmkus, F Die lymphatische Leukamie, in Nothnagel, H Specielle 
Pathologie und Therapie, Vienna, A Holder, 1897, p 90 

9 Forkner, C E The Administration of Solution of Potassium Arsemte in 
the Treatment of Chrome Alyelogenous Leukemia, M Clin North America 15 : 
1057, 1932 
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the tabulated data this is indicated chiefly by the greater fiequenc} with 
which anemia decreased under treatment in the foimer group of patients 
than m the lattei 


Table 1 — Results of Fast Courses of Treatment tn TJmiy Ccrscs of Chiomc 
Myelogenous Leukemia and Twenty-Five Cases of Chiomc 
Lymphogenous Leukemia 
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Irradiation Arsenite U S P 

Total number of cases 


29 

8 

22 

O 

Leukocytes 






Decreased 


29 

6 

19 

0 

Unchanged 


0 

1 

3* 

4 

Increased 


0 

It 

0 

1 

Anemia 






Decreased 


13 

0 

2 

0 

Unchanged 


8 

C 

17 

2 

Increased 


4 

2 

1 

3 

No data 


4 

0 

2 

0 

Clinical status (objective) 






Improved 


27 

1 

20 

0 

Unchanged 


2t 

5 

2 

3 

Worse 


0 

2 

0 

2 

Clinical status (subjective) 






Improved 


28 

1 

19 

0 

Unchanged 


1 

5 

3 

3 

Worse 


0 

2 

0 

2 

* In 1 of these cases 

treatment was probably inadequate 

In the 

2 Other cases the 

leukocyte count was normal when 

treatment was 

commenced, 

In neither case did the red 

blood cell count rise after roentgen 

treatment, but the clinical status improved 

t Possibly due to Inadequate dosage 




t In 1 of these cases 

the unchanged objective 

clinical status might 

have been due to 

fnsulHcient treatment 







Table 2 — Data 

on Time Inieivals 



Chronic 

Myelogenous 

Leukemia 

Chronic 

Lymphogenous 

Leukemia 

Time elapsing between onset of symp- 
toms and recognition of disease 

' ■■ t 

Time, No of 

Tears Cases 

111 36 

Time, No of 

Tears Oases 

1 26 35 

Length of life after diagnosis was made 

1C8 23 

107 23 

Total time from recognition of disease 
■to death 

2 79 

2 33 


These results are essentially in agreement with those recorded in the 
literature 


10 (o) Forkner, C E Leukemia and Allied Disorders, New York, The 
Macmillan Company, 1938, p 52 (b) Minot, Buckman and Isaacs ^ Hoffman and 

Graver ^ Minot and Isaacs ® Rosenthal and Harris ® 
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DURATION or Lire 

The aveiage time elapsing between the onset of symptoms and the 
recognition of leukemia in all oui cases, including the cases in which 
the patients weie seen very early ;n the couise, is shown in table 2 The 
time mteival is somewhat shorter than that (14 years) recorded by 
Minot and his co-workers The length of life aftei the diagnosis was 
made and the time elapsing between the onset of symptoms and death 
weie shortei than other investigatois have found them to be The 
aveiage duration of life in the 236 cases of chionic myelogenous leukemia 
leported by Minot, Buckman and Isaacs,^ Hoffman and Graver® and 
Leai^ell “ was 3 34 3'^ears, and the duration in 129 cases of chronic 
lymphogenous leukemia reported by Minot and Isaacs ° and Leavell ® 
was 3 52 )'ears 

There is great vaiiation in the duration of life in cases of chronic 
leukemia The natural couise of the disease may be extremely slow A 
case of lymphogenous leukemia of 25 years’ duration was recently 
desciibed^® As many as 14 per cent of the patients treated by Minot 
and Isaacs ® In ed 6 to 8 years Of their patients with myelogenous 
leukemia,^ 12 pei cent lived 5 to 10 yeais Four of the patients with 
myelogenous leukemia lepoited by Hoffman and Graver® lived 16 5, 
16, 12 5 and 11 }ears, respectively The duration of the disease in 
tliese cases must actuall}' have been longer, because in most instances 
the data leferred to duration from the time of the onset of s}Tnptoms 

In othei cases the disease pi ogresses rapidly, some conditions being 
encountered in which it is difficult to classify the process as belonging m 
either of the artificial categoiies of acute and chionic which custom has 
set up In addition, intei current infection, caidiac failure or some other 
disordei not infiequently terminates the course in cases of othei wise 
slowly piogressive leukemia 

INCIDENCE or INFECTIONS IN CHRONIC MYELOGENOUS AND 
LYMPHOGENOUS LEUKEMIA, EFFECTS ON LEUKOCYTE 
COUNT AND CLINICAL STATUS 

It IS fiequently stated that patients piesentmg the classic clinical 
and hematologic picture of leukemia often exhibit in the piesence of 
infection a maiked deciease in the leukocyte count, even the organs 
enlarged by the leukemic disoidei may deciease in size This statement 
has been repeated in textbooks and is found in Forknei’s^“® recent 
monograph as well as in Downey’s handbook^® It aiises from observa- 

11 Minot, Buckman and Isaacs Minot and Isaacs® 

12 McGavran, C W Lymphatic Leukemia of Twenty-Five Years’ Duration, 
Ann Int Med 12 396, 1938 

13 Richter, M N Leucemia, in Downey, H Handbook of Hematology, 
New York, Paul B Hoeber, Inc , 1938, vol 4, p 2992 
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tions made towaid the end of the last centuiy Dock lexiewed the 
evidence in 1904 and cited seveial cases of his own 

If this j^aradox is coirect, it is tiuly a remaikable phenomenon and 
IS of gieat mteiest in view of the conception that leukemia is i elated 
to malignant tumois y\ll our cases have been carefully leviewed with 
the object of noting the incidence of infections and the leaction accom- 
panjung these infections The data are lecoided m tables 3 to 5 In 
tables 4 and 5 the leukocj^te counts found at about the time of the highest 
elevation of tempeiatuie aie given Except foi syphilis, dental caries 
and asymptomatic infections like those indicated by chronically infected 
tonsils, all types of infection eiicounteied in oui cases aie included 

It IS of inteiest that, although the senes consists of 39 cases of 
myelogenous and 47 o'f lymphogenous leukemia, there weie only 11 


Table 3 — Pyogenic and Tubei cnlous Injections in Cases of Chionic Leukemia*' 



Myelogenous 

Lt mphogenous 

Acuto tonsillitis or peritonsillar abscess 

2 

0 

otitis media, abscess of brain and acute meningitis 

0 

1 

Chronic sinusitis 

0 

1 

Purunculosis 

0 

2 

Influenza 

0 

s 

Lobar pneumonia (pneumococcus) 

0 

7 

Bronchopneumonia 

2 

4 

Chrome broncliitis 

1 

0 

Bronchiectasis 

0 

2 

Acuto infections involving the genitourinary tract 


4 

Subacute or chronic infections invohing the genitourinary tract 

2 

2 

Gonorrheal arthritis and bacteremia 

1 

0 

Acuto enteritis (Flexner’s bacillus) 

0 

1 

Peritonitis (pneumococcus) 

0 

1 

Perirectal abscess 

1 

0 

Acuto mastitis and septicemia (beta hemoivtic streptococcus) 
with widespread e\trapulmonnn" tulierculosis 

1 

0 

Total number of infections 

12 

2S 


* Tlicro floro 11 cases of myelogenous and 18 of Ismphogenous leuLemia 


cases of infection (28 2 per cent) in the former group, wheieas 18 
(38 2 per cent) occurred in the latter It was common, moieovei, to 
find more than one type of infection in the cases of lymphogenous 
leukemia (table 3) The highei incidence of infection m the cases of 
lymphogenous leukemia is also indicated by a leview of the autopsy 
lecords In 28 (14 of each type) of our senes of 86 cases an examina- 
tion was made in the department of pathology Anatomic evidence of 
pyogenic infection was found in 5 cases of chronic myelogenous leukemia 
and in 10 cases of the lymphogenous type 

A sti iking diffeience in the two groups was the occunence of 7 
instances of lobar pneumonia in the cases of lymphogenous leukemia 
and the absence of this type of infection m the cases of myelogenous 

14 Dock, G The Influence of Complicating Diseases upon Leukaemia, Am 
J M Sc 127 563, 1904 



712 


ARCHIVES OF INTERNAL MEDICINE 


leukemia With 1 exception the outcome was fatal This patient was 
the only one not observed during the course of the infection at this 
hospital, but the diagnosis was corroborated by a report from the hospital 
where he remained during the attack of pneumonia 

Clinical improvement in the leukemic signs or a quantitative oi 
qualitative change in the blood m the direction of normal was observed 
m only 1 case of early chronic lymphogenous leukemia (A E S ) 
This patient’s leukemia was accidentally discovered in a loutine exam- 

Table 4 — Leukocytic Picture Dining Infections m Cases of CJtioiiic 
Myelogenous Leukemia 


nillerential Counts, % 





Ma\i 
mum 
Tem- 
per i 
ture. 

Bcuko 

cytes, 

'lotal 

CO 

tn 

r 

2 

o 

> 

Patient 

Infection 

P 

Count 


A 

E 

Acute tonsillitis 

101 S 

90 000 

1 

n 

P 

Acute peritonsillar 
abscess 

100 S 

241 COO 

1 

J 

S H 

Bronchopneumonia 

103 0 

490.000 

13 

S 

S 

Bronchopneumonia 

1014 

SSOO" 

0 

A 

G 

Chronic bronchitis 

1010 

80,000 

10 

H 

V K 

Pyelonephritis 

105 4 

82,000 

0 

E 

B 

Ohronic cystitis, 
prostatitis and 
urethritis 

99 4 

34,000 

0 

C 

W 

Gonococcic nrthn 
tis and septicemia 

104 4 

150,000 

2 

W H E 

Gonococcic urethri 
tis Subacute) 

100 2 

48,700* 

0 

A 

G 

Acute mastitis and 
septicemia (beta 
hemolytic strepto 
coccus) and extra 
pulmonary tuber 
culosls 

103 0 

327,000 

0 

M 

N 

Perirectal abscess 
(BaciUus coli) 

101 0 

21 coo* 

05 


03 


o 

w 

cn 

cn 

p 

> 

CO a 

Pi 

o 

o 

c 2 

G g 

s 

Q 

O 

c 

p 

o 

pP 

D 

Cl P— 

1 i 

•3 

Is 

ti ri 

o 

o 

m 

cz 

1 

O r: 

i2 ^ 

na 


cniz; 

W 

« 

Hi 


42 

30 

25 

04 

03 

1 0 

0 3 Eccoi cred 

14 

IG 

00 

1 0 

0 

20 

0 Eecoeered 

02 

0 

23 

0 

0 

0 

0 Died 

7 

0 

87 

0 

1 0 

0 

5 0 Diedt 

37 


40 

70 

0 

0 

0 Unchanged 

37 

30 

20 

0 

0 

10 

0 Dicdtl 

5S 

18 

8 

0 

0 

0 

0 Biedn 

19 

2 

70 

0 

0 

40 

1 0 Eccotered 

4 

25 

05 

10 

SO 

1 0 

1 0 Eecot ered 

22 

10 

53 

50 

20 

20 

0 Diedt 

9 

20 

02 

0 

10 

7 5 

0 Eccovered 


* In tins case the low leukocyte count was the result of rocntKcn treatment 
t In this case the dlaRnosIs was conflrmod by autopsy 
{ Heath was not duo to the Infection 


ination There was no anemia, but moderate general glandular enlarge- 
ment as well as leukocytosis (34,000 cells, with 94 per cent lymphocytes) 
was found The development of an infection of the respiratoiy tract 
was accompanied by a slight decrease m the total leukocyte count (to 
23,400) on the day when the fever Avas most marked (102 6 F ) At 
the same time the proportion of lymphocytes decreased to 59 per cent, 
the absolute number of polymorphonuclear leukocytes thus having 
increased from about 2,000 to a maximum of 9 600 pei cubic milli- 
meter Two weeks later, when the fever had subsided, the leukoc}te 
count was 32,000, with 69 per cent lymphocytes A moderate increase 
in the size of the lymph nodes occuired during the infection of the 
respiratory tract 
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In the majority of the cases the blood picture remained essentially 
unchanged when infection developed In 4 cases of lymphogenous 
leukemia (table 5 , C G , R K , C F and I M ) an increase in the 
number of leukocytes actually occurred 

On entry because of prostatic disease, the leukoc 3 te count of C G 
was 14,920 per cubic millimeter, wuth 45 per cent lymphocytes Extras - 

Table 5 — Leukocytic Piciwe Duung Injections m Cases of Chtonic 

Lymphogenous Leukemia 


Differential Counts, % 




Maxi- 


w 

-sS 

tn 

S 

*,9 

>» 

to 

4^ 



mum 

Tem- 

pera- 

Leuko- 

cytes, 

=52 

Zi-u 

ss 

« o 
g2 
5'*^ 

O 

O 

a 

CJ 

2 

% 

PI 

o 

•.J 

>1 

u 

o 

f- 

Pi 



ture, 

Total 


u = 

"m 

o 


£ 

Q 

Patient 

Infection 

P 

Count 






r ^ 

B E 

Otitis media, abscess of the 

103 0 

27,400 

0 

8 

0 

91 

1 

Died* 


brain, acute memngitis 









M B 

Chrome purulent pansinu 

1010 

51,200 

0 

10 

0 

90 

0 

Unchanged 


sltis, bronchiectasis 









J K 

Infiuenaa 

102 8 

57.600 

0 

4 

0 5 

95 

0 5 

Recovered 

J W S 

Influenza 

103 6 

84,000 






Recovered 

AES 

Influenza 

102 6 

23,400 

0 

41 

0 

59 

0 

Recovered 

0 G 

Urinary extravasation ab 

103 0 

41,600 

0 

21 

0 

79 

0 

Died* 


Ecess in space of Retzius 
lobar pneumonia 

1016 

16,750 

0 

67 

10 

32 

0 


K R 

Lobar pneumoma 

103 4 

122,500 

0 

SO 

0 

69 

10 

Died* 

M C 

Lobar pneumonia, acute 

104^ 

72,000 

1 

1 

0 

98 

0 

Died* 


memngitis septicemia 









M E 

Lobar pneumonia, pento 

1018 

19, soot 

0 

45 

1 

54 

0 

Died* 


mtis 









C P 

Lobar pneumonia chronic 

104 0 

204,800 

0 

5 

0 

95 

0 

Died* 


cystitis (B coh) 









w w 

Lobar pneumonia 

103 9 

5,200 

0 

62 

0 

36 

0 

Died* 

E J L 

Lobar pneumonia cystitis 


95,000 

0 

15 

0 

85 

0 

Recovered 


(B coll) , acute pyelitis 

1036 

45,000 

2 

29 

0 5 

68 5 

0 

Unchanged 

L B 

Bronchopneumonia 

102 8 

30,000 

0 

5 

0 

93 

2 

Died* 

R P E 

Bronchopneumonia 

104 0 

36,600 

0 

51 

0 

48 

1 

Died 

H V 

Bronchopneumonia 

103 0 

110,000 

0 

2 

0 

93 

0 

Died 

I M 

Bronchopneumonia, acute 

105 0 

120,000 

0 

0 5 

0 

995 

0 

Died* 


cystitis 









P S 

Acute epididymitis 

104 0 

68.400 

6 

24 

1 

66 

3 

Recovered 

R-E 

Acute enteritis 

103 0 

71,000 

0 

1 

0 

99 

0 

Died* 


* In this case the diagnosis ivas confirmed by autopsy 
t In this case the low leuioeyte count was the result of roentgen treatment 


asation of urine and the development of an abscess in the space of 
Retzius w’as accompanied by fever (102 to 104 6 F ) and an increase 
in the number of leukocytes to a maximum of 65,300 (77 per cent 
Ijraphocytes) on the fifth day of fever On subsidence of temperature 
to a level of 102 to 100 F followung suprapubic cystotomy and drainage 
of the lateral and prevesical spaces, the leukocyte count gradually 
dropped to 20,000 (48 per cent Ijmphocytes) A month after the 
operation and 12 days after these blood findings w^ere noted, the tem- 
perature increased to 104 6 F , and the leukocyte count w'as found to 
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be 16,750, with 32 per cent lymphocytes This, it will be noted, was 
similar to the blood picture on entry The patient died the next day, 
and at autopsy lobar pneumonia, abscesses m the prostate and right 
testicle, and the typical changes of chronic lymphogenous leukemia were 
present 

The leukocyte count of R K was 17,440 per cubic millimeter, with 
60 per cent l3TOphocytes, on entry Transfusion was followed by a 
decrease to 8,500, with 70 per cent lymphocytes With the development 
of otitis media the number of white blood corpuscles increased to 27,400, 
of which 91 per cent were lymphocytes, in spite of irradiation of the 
glands of the neck and axillas, the count increased to 56,650, with 90 
per cent lymphocytes The numbei of leukocytes fluctuated between 
this level and 28,250 until death occurred, 2 weeks after infection set in 
In patient C F the development of lobar pneumonia was accompanied 
by an increase in the number of leukocytes from 103,250, Avith 97 per 
cent lymphocytes, to 204,800, with 95 per cent lymphocytes In patient 
I M the development of bronchopneumonia was associated with fluctua- 
tion in the leukoc3de count between a minimum of 96,000 and a maxi- 
mum of 200,000 

It is noteworthy that in patient C G the increase in the number of 
l3'mphoc3tes, when an abscess developed in the space of Retzius, was 
accompanied by an increase m the absolute number of myeloid leukoc3des 
from 8,100 to 15,020 per cubic millimeter The subsequent attack of 
lobar pneumonia in this case was accompanied by a rise from 9,800 to 
only 11,390 leukoc3l;es, even though at this time the ratio of the 
various t3^pes of leukoc3tes was more normal than it had been previously 
In patient C F the absolute increase in the number of m3’'eloid leuko- 
cytes when pneumonia developed was from a level of about 3,100 to 
10,240 In patients R K and I M the absolute number of pol3'- 
morphonuclear leukocytes changed very little or actuall3'^ decreased 
when infection developed 

Our own experience, then, is not m agreement with the statement 
which has been repeated so frequently m the medical literature It is 
curious that there seems to have been no thought of questioning the 
vie\\ that it IS common for a remission to occui m cases of leukemia 
when an mtercurrent infection arises Actually, Dock’s stud3’’ is not 
beyond criticism His first patient, Avho returned for observation 34 
days after the diagnosis of chronic m3'elogenous leukemia was originally 
made, stated that 2 weeks before she had had influenza The leukocyte 
count, which had been 367,070, was 7,500 However, in citing this case 
It seems to have been overlooked that this patient had been taking potas- 
sium arsenite since the diagnosis of leukemia was fiist made and that 
she had taken a large amount is indicated 113'’ the fact that she com- 



WINTROBE-HASENBUSH—CHRONIC LEUKEMIA 


715 


plained of numbness and of pruiitus Dock’s second patient was also 
treated with this drug This patient disappeaied from observation, 
and the evidence offered regarding the influence of infection consists in 
the finding at autopsy, 1 year later, of severe tuberculosis of the serous 
membranes and no leukemic changes in the tissues except in the bone 
marrow It is stated that there was no leukoc 3 ^tosis at this time, but 
apparently no leukocyte count was made before death In Dock’s 
third case, no deciease in the leukocyte count occurred 

Dock cited 6 cases recorded m the literatuie in which a marked 
decrease m the leukocyte count occurred in association with acute 
tuberculosis and 11 other cases m which such a decrease took place in 
association with other infections We have been able to examine the 
original reports of all but 5 of these cases In 3 cases adequate leuko- 
C 3 h;e counts were not made, 2 were cases of atypical leukemia and 2 
were cases of acute leukemia which may have passed into an “aleukemic” 
phase In most of the reports the treatment was not mentioned, but, 
as Dock himself pointed out, many of the patients whose cases he cited 
were taking arsenic, sometimes in large doses Dock’s view that the 
changes in the leukocyte count could not be ascribed wholly or in part 
to the drug remains a matter of opinion It is now well recognized 
that a remission will occur in chronic myelogenous leukemia if large 
enough doses of potassium arsenite are given 

In 1903 Neutra^® desciibed a case of chronic lymphogenous leukemia 
in which the development of lobar pneumonia was accompanied by a 
striking decrease in the leukocyte count and a diminution in the size 
of the spleen He accepted reports of 19 cases recoided in the litera- 
ture as representing remission in leukemic signs as the result of inter- 
current infection but failed to consider the possible effects of aisemcal 
therapy In the same yeai Hait recorded a case of chronic lymphog- 
enous leukemia in which the leukocyte count deci eased from 1,168,000 
to 540,000 when pneumonia developed Kormoczi described a decrease 
from 80,000 to 30,000 leukocytes per cubic millimeter accompanying 
eiysipelas in a case of lymphogenous leukemia Macfie noted a 
temporary decrease in the leukocyte count in a case of chronic lymphog- 
enous leukemia and in 1 case of the myelogenous type during malarial 

15 Neutra, W Ueber den Einfluss akuter Infektionskrankheiten auf die 
Leukamie, Ztschr f Heilk 24*349, 1903 

16 Hart, S Chronic Lymphatic Leukemia Complicated by Pneumonia, New 
York M J 78*224, 1903 

17 Kormoczi, E Em Fall der lymphatischen Leukamie gunstig beeinflusst 
durch Erysipel, Folia haemat 11 297, 1911 

18 Macfie, J W S An Observation on the Effect of Malaria m Leukaemia, 
Ann Trop Med 13 347, 1920 
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infection , and Gamble/'’ m ho attempted to treat patients with leukemia 
by the inoculation of malaria, observed a prompt fall in the leukocyte 
count to less than half the previous count in 2 cases, 1 of each type 
After the termination of the parox3'sms with quinine, the white blood 
cell count rose, in 6 and 3 days, respectively, to approximately the 
previous level 

Few reports on this subject have appeared in lecent years In the 
case reported by Hickhng and Sutliff,^® lobar pneumonia was accom- 
panied by an increase in the leukocyte count from a level of 40,000, with 
60 per cent lymphocytes, to 94,000 on the eighth day of the disease 
The increase in the total leukocyte count was due chiefly to an increase 
in lymphocytes, but an absolute increase in polymorphonuclear leuko- 
cytes, from 15,000 to 25,000, also occurred The case reported by 
MacMahon and Parker,"’- in which a decrease in the leukocyte count 
occurred in association with septicemia, cannot be regarded as a case of 
typical chronic leukemia Ve)^ssi "" gave a brief account of a case of 
chronic myelogenous leukemia in which a temporary remission occurred 
during an acute suppurative process In the cases of myelogenous 
leukemia reported by Jatle and by Gosau,"’ roentgen irradiation may 
have been responsible for the fall m the leukocyte count In the case 
reported by Ryan and Medlar,"® no marked effect on the leukocyte count 
was noted 

A critical review indicates, then, that there is little evidence even 
in the literature to support the thesis that a remission of the leukemic 
signs frequently occurs in association with an intercurrent infection In 
personal communications, two competent observers have informed us 
that they recall having seen patients with leukemia in whom a temporar}^ 
remission occurred during the course of an infection, but several other 
hematologists of considerable experience have not observed such cases 
The occurrence of a remission in association with infection in chronic 
leukemia, particularly in the lymphogenous type, cannot be denied 

19 Gamble, C J Failure of Therapeutic Malaria in the Treatment of Leu- 
kemia, J A M A 88 87 (Jan 8) 1927 

20 Hickhng, R A, and Sutliff, W D Pneumonia in a Case of Chronic 
Lymphatic Leukemia, Am J M Sc 175 224, 1928 

21 MacMahon, H E, and Parker, F, Jr A Case of Lj^mphoblastoma, 
Hodgkin’s Disease and Tuberculosis, Am J Path 6 367, 1930 

22 Veyssi Sur un cas de leucemie myelolde passagerement amehoree par une 
infection mtercurrente, Soc de med mil frang,Bull mens 28 187, 1934, abstracted. 
Am J Cancer 26 876, 1936 

23 Jaffe, R H Tuberculosis and Leukaemia, Am Rev Tuberc 27 32, 1933 

24 Gosau, J Chromsche myeloische Leukamie mit Sepsis tuberculosa acutis- 
sima. Folia haemat 52 271, 1934 

25 Ryan, W J, and Medlar, E M Coexistence of Lymphocytic Leukemia 
and Far-Advanced Pulmonary Tuberculosis, Am Rev Tubeic 3 6 212, 1937 
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However, a remission is probably a very unusual event ratbei than a 
common one It is noteworthy that ours seems to be the first series of 
consecutive cases which have been analyzed m regard to the effect of 
infection on the leukemic picture The reports m the hteiature deal 
with only 1 or 2 cases each and probably have given an erroneous 
impression of the frequency of i emissions caused by infections 

It IS of interest that in seveial of our cases of lymphogenous 
leukemia, the development of infection was accompanied by an inciease, 
rather than a decrease, in lymphocytes and that in a few instances an 
absolute increase in granuloc)'tes occurred as well As already men- 
tioned, Hickling and Sutliff^® noted a similar change In their case 
protective antibodies developed m the blood in moderate amount, but no 
agglutinins were found 

The significance of the increase in the number of lymphocytes is a 
matter for speculation The increase in the number of granulocytes 
probably depends on the persistence of sufficient myeloid tissue to pio- 
duce mature granulocytes, as Jaffe^® concluded from his study of the 
inflammatory defense reactions m 10 cases of leukemia He was unable 
to confirm the statements of Bickhardt and others that leukemic cells 
may take the place of mature granulocytes , he found that m the absence 
of myeloid tissue the changes in the tissues in response to infection were 
similai to those seen in granulocytopenia and in aplastic anemia If 
this view is correct, it is easy to see why patients with lymphogenous 
leukemia are particularly vulnerable to infection, as our data suggest 

SUMMARY 

A study has been made of 86 patients with chronic leukemia (39 of 
myelogenous and 47 of lymphogenous leukemia) treated at the Johns 
Hopkins Hospital 

Males predominated in both groups, 61 5 per cent of the patients 
with myelogenous leukemia and 83 per cent of the patients with lymphog- 
enous leukemia being males 

In 72 per cent of the cases of myelogenous leukemia the age at onset 
was 30 to 59 years, while in 61 7 per cent of the cases of lymphogenous 
leukemia, symptoms began between 50 and 69 years 

The early phase of chronic leukemia, as determined by the histones 
of 5 patients with myelogenous leukemia and 16 with lymphogenous 
leukemia, is described 

26 Jaffe, R H Morphology of the Inflammatory Defense Reactions m 
Leukemia, Arch Path 14.177 (Aug) 1932 

27 Bickhardt, K Ueber morphologische Befunde bei Entzundungsvorgangen 
m Fallen von Leukamie, Folia haemat 32 83, 1925 
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These observations indicate that unexplained leukocytosis may be the 
first and even the only sign of chronic myelogenous leukemia In these 
cases matuie cells of the myeloid series rather than myelocytes made 
up the majority of the leukocytes 

In chronic lymphogenous leukemia, unexplained leukocytosis was the 
initial sign m only about a third of the cases Slight glandular enlarge- 
ment was a fiequent early sign In 1 case splenomegaly was so pro- 
nounced and othei signs were so minimal that an erroneous diagnosis 
of Banti’s syndrome had been made 

Distinct lymphocytosis was found m a numbei of cases of early 
lymphogenous leukemia even when the leukocyte count was relatively 
low 

Slight anemia was found moie often m the early stages of lymphog- 
enous leukemia than m those of myelogenous leukemia 

It IS estimated that the time elapsing from the onset of chronic 
mj^elogenous leukemia until symptoms of the disease commonly cause 
the patient to seek medical attention is about 2 to 5 yeais, whereas this 
period m cases of lymphogenous leukemia may be only about 1 5 to 
2 5 years 

Tieatment with solution of potassium aisemte U S P was found 
to be of no value in lymphogenous leukemia and of less value than 
11 radiation in mj^elogenous leukemia The i espouse to iriadiation was 
slightly bettei in mjelogenous leukemia 

Statistics concerning the duiation of life in cases of chronic leukemia 
aie recoided It is pointed out that extreme variation occurs in the 
natural course of the disease in different cases 

Infections were moie common in cases of lymphogenous leukemia 
than in those of myelogenous leukemia 

Contraiy to the opinion frequently expressed, infections in the great 
majority of the cases did not pioduce a remission in the phj^sical signs 
01 in the blood pictuie In only 1 instance did a slight change of this 
nature occui , and in 4 cases thei e was an actual increase in the leukocyte 
count in association with infection 



TRAUMATIC RUPTURE OF THE PERICARDIUM 


STUDY OF TWEKTY-TWO CASES, WITH TWO AND ONE-HALF 
\E\R PERIOD OF SURVIVAL IN ONE CASE, 

REVIEW OF LITERATURE 

S F CRYNES, MD 

AND 

WARREN C HUNTER, MD 

PORTLAND, ORE 

The liteiatuie on traumatic rupture of the pericardium appears never 
to have been fully assembled and summarized As lecently as 1928, 
Spitzmullei ^ made mention of only 3 cases in addition to his own 
One might infei theiefore that this type of injury is a raiity How- 
e\ei, that such an infeience is not coriect is leadily shown by the fact 
that in 4,107 neciopsies peifoimed by the members of the staft of the 
depaitment of pathology of the Umveisity of Oregon Medical School 
Hospitals and foi the coroner of Multnomah County, Ore , over the 
eight }ear peiiod between 1929 and 1937, 22 instances of this natuie 
weie encountered, none of which had been previously recorded In 
all piobabihty other autopsy statistics, paiticularly if any consideiable 
number of accidental oi violent deaths were investigated, would equal 
or even exceed this figure Veiy probably the paucity of information 
concerning pencaidial ruptuie is due to the fact that it is so commonly 
but one of multiple injuries terminating fatally and m itself may or 
may not contribute to the cause of death 

Our interest in the matter was stimulated by the discovery of an 
extensive pencaidial lent, occurring m the absence of evidence of 
serious damage to the thoracic or abdominal viscera, in a boy who lived 
for two and one-half years after an accident with but few symptoms 
attributable to the lesion piesent at necropsy In searching the litera- 
ture a number of reports weie found, some of which appeared to have 
been ovei looked by others Furthermore, we weie struck by the inade- 
quacy of ceitain of the concepts of the mechanism of production of 
pencaidial ruptuie For these reasons and because of the interesting 
pioblems of cardiodynamics that may have been present in our case, 
it appeared that anothei paper on traumatic defects of the peiicaidium 
would be timel}’- 

From the Department of Pathology, the University of Oregon Medical School 
1 Spitzmuller, W Em seltener Fall von Herzbeuteverletzung, Arch f khn 
Chir 150 551, 1928 


719 



720 


ARCHIVES OF INTERNAL MEDICINE 


REPORT OF CASES 

Only the example mentioned in the preceding paragraph demands 
detailed consideration, the pertinent data of the others aie listed in the 
accompanying table 

J F , a 7 year old boy, entered St Vincent’s Hospital on July 27, 1934, for 
tonsillectomy On this occasion the physical examination disclosed nothing abnormal 
in the cardiovascular system Two weeks later he was again admitted to the 
hospital, one hour after having been run over by a loaded automobile trailer, 
one wheel of which passed across the upper part of his chest His sole complaint 
was of severe pain over the injured area He was conscious but evidenced some 
degree of shock The past history offered nothing suggestive of cardiac or 
circulatory incompetence 

The blood pressure at this time was 90 systolic and 60 diastolic, the pulse 
rate was 105 per minute, the respiratory rate 25 and the temperature 98 6 F 
Roentgenograms of the thorax and left shoulder were immediately made and 
disclosed a fracture at the juncture of the middle and the outer third of the clavicle 
and bilateral thickening of the hilar shadows, with dense peribronchial extensions 
into the lower lobe of the left lung, but no fractured ribs However, on physical 
examination there was noted a distinct deformity over the left third, fourth and 
fifth ribs, with over-riding fractures of the costochondial junctions of the third 
and fourth ribs The leukocyte count at this time was 22,500 with 9 per cent 
staff cells among the granulocytes The urine was normal 

After a few hours the temperature became elevated and fluctuated between 98 4 
and 100 F for the next four days, returning to normal on the fifth day, when he 
was discharged Clinically, the fever and roentgenographic changes in the thorax 
were interpreted as due to bronchopneumonia Tuberculosis was suggested as a 
possibility but was not considered further With the return of the temperature to 
normal, the leukocytosis subsided During the first two days in the hospital the 
child complained of pain in the chest, but records made no mention of it after- 
ward At no time were there sj^mptoms or signs of internal hemorrhage A 
second roentgenogram of the chest, made on the day of discharge, was reported 
by Dr S E Rees as follows "There was still an area of density opposite 
the left hilar region, extending to the periphery of the lung There was consider- 
able increased density in the right hilus, with mottling extending into the pulmonary 
field ’’ After death and necropsy, critical reexamination of the original roent- 
genograms failed to show the alterations in the heart and pericaidium discovered 
at autopsy Comparison of the roentgenograms taken immediately after entr}' and 
at the time the boy was allowed to go home revealed no more than possible slight 
enlargement of the heart, and the value of this finding was questionable, since the 
tube distances were not recorded and may have been different on the two occasions 

On returning home the boy was kept in bed for a short time, but since he was 
suffering no greater discomfort than was to be expected with the injuries known 
to be present, he was soon allowed to be up and about He rapidly resumed his 
normal activities and vued at all times with children of his own age Occasionallv 
thereafter there were bouts of mild pain over the site of the injurj", which were 
attributed, probably correctly, to pressure of the displaced ends of the ribs on 
the overlying muscles The thoracic deformity persisted, and the protruding knobs 
at the site of the healed fractures of the iibs could be palpated To all appearances 
the child was both healthy and active In particular there was no complaint on 
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his part of any symptoms referable to the heart After death of the bo} the parents 
were closely questioned m this respect They had noted nothing more than some 
shortness of breath after he had carried se%en or eight armfuls of wood up a 

single flight of stairs This was not of recent origin, was not progressive and 

seemed to have been concomitant with a rather rapid gain m weight Since the 

mother was of the attentne type and al\\a 3 's took the bo}*^ to a phjsician when 

any sjmptom developed, it is fairly certain that dyspnea if it existed at all must 
have been mild Direct questioning re\ealed that there had been no pain radiating 
to the shoulder, arm or neck The pain over the site of injur}' was not of the tjpe 
originating from the heart, ne\er being incapacitating, sharp or excruciating 
The family could not recall any particular attack that clinically might fit the 
autopsy observations Two weeks before death the child was examined b} the same 
physician who attended him at the time of the accident and who had seen him 
from time to time in the interim Nothing abnormal was found 

On the evening of Dec 4, 1936, the boy retired, seemingly well, but at 4 45 a m 
he was found in bed in a dying condition There had been no outcry, and there 
w'as very little evidence of a struggle Emesis w’as noted It was thought at first 
that he had choked on some food 

PosUnoitem Obsci-vatwns — The body w'as 156 cm in length and had an 
estimated w'eight of 120 pounds (54 5 Kg) The habitus suggested juvenile hypo- 
pituitarism , the skin w'as white, clear, soft and hairless , the face had a pudgy 
appearance , the extremities seemed short m comparison to the length of the torso , 
the fingers and toes were stubby, the breasts w'eie quite well developed, the 
genitalia seemed rather small, and there w'as a definite tendenej tow'ard girdle 
obesity wuth a feminine form of hips and thighs 

No evidence of injury, disease or abnormalities of development w'as found in 
the abdominal viscera 

After the skin and muscles of the anterior aspect of the thorax had been 
reflected, healed and overlapping fractures of the third, fourth and fifth left 
costochondial junctures stood out plainly There had been medial and anterior 
displacement of the lateral fragments of the third and fourth ribs, w'hich on 
healing had left behind projecting cartilaginous knobs 2 5 cm m length The 
fifth rib displayed only a button-hke swelling at the point of the old fracture 
Firm bony union had taken place in each instance The contour of the thorax 
W'as not appreciabl} altered 

When the thoracic cavity w'as opened, the heart w'as seen to be displaced to 
the left so greatly that the apex impinged against the left lateral w'all of the chest, 
lifting the left lung upward and posteriorly The right cardiac border w'as in a 
line drawm perpendicularly dowmw'ard from the left sternoclavicular joint We 
were astonished to find that the pericardium failed to envelop the heart, this 
organ lay quite bare and yet possessed a smooth, glistening, thin epicardial surface 
save for a single milk-white plaque in the region of the right atrio\entricuhr 
groove Furthermore, the heart w'as not adherent to any of the adjacent structures 
It W'as boot-shaped, measuring 10 5 cm m the transverse diameter and 7 cm in 
the vertical direction Both ventricles appeared to be moderately enlarged, 
especially the right one, w'hich, along wuth the right atrium, formed practically 
all the anterior presenting aspect of the heart The conus arteriosus was bulging 
and abnormally prominent (fig I) A slight upward and clockwuse rotation of 
the heart w'as apparent, thus placing the left \entncle posteriori} The change in 
position could be accounted for by the displacement of the heart to the left and 
the enlargement of the right ventricle 
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The apparently missing pericardium was found to have retracted upward and 
to the right, where it was seen to form a continuous, rolled or at times pleated 
band encircling the heart and in continuity with the normally and fully developed 
anterior mediastinal tissue The thymus was in its usual position over the upper 
and anterior surface of the pericardium The retracted and bandlike pericardium 
was applied snugly about the great vessels and the base of the heart, its free 
margins were smooth, glistening, rounded and obviously thicker than elsewhere 
Anteriorly the folded membrane produced a deep groove m the mam pulmonary 
artery just distal to its valve and coursed over the right atrioventricular sulcus 



Fig 1 — In the upper drawing is shown the anterior view of the thoracic organs 
and a portion of diaphragm of the 9 jear old boy The heart is displaced to 
the left, crowding the left lung upward The low'ermost hook pulls on the right 
border of the pericardium, which is seen passing upward and to the right over 
the pulmonary arterj', greatly compressing the vessel and causing the conus 
arteriosus to bulge in a startling manner In the low’cr drawing the left cardiac 
border is displayed Covering the atrioventricular sulcus is the retracted, thickened 
pericardium, which has almost completel}’^ inverted the left atrial appendage 

and right atrial appendage without compressing either To the left of the pulmonary 
artery the accordion-hke band of pericardium narrow^ed down like a knife blade, 
first to a width of 2 cm , finallv, at the base of the heart posteriorly it existed only 
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as a low white ridge The left phrenic ner%’e could be traced through this ridge 
of pericardium and into the diaphragm at the usual site , on the right side the same 
nerve took its normal course The aorta, left atrioventricular sulcus and pulmonarj 
veins, while closely approximated by the retracted pericardium, gave no indications 
of undue pressure on them The superior and inferior venae cavae likewise appeared 
to have escaped damage The left atrial appendage, however, was almost com- 
pletely invaginated into the atrium, but it had not become adherent and was everted 
easily In general, it appeared that the pericardium, which was like a purse string, 
was tight anteriorly and loose over the posterior surface of the heart It is 
recognized that this may not have been the situation during life, but if our 
concept of upward rotation of the apex is correct, it would account for the 
appearance noted at autopsy In this connection it should be mentioned that 
the body had been arterially embalmed for about ten hours prior to the post- 
mortem examination, allowing time for good hardening of the organs and making 
It reasonable to assume that the positions noted were not far different from those 
duiing life In spite of the frequent pleating of the retracted pericardial margin, 
adhesions had not formed, and the whole membrane, which could be unfolded 
easily and without undue stretching, proved to be of sufficient size to accommodate 
the entire heart When the pericardium was thus reapproximated, it appeared 
that the line of rupture had been along the entire left border, leaving an opening 
just large enough to permit the extrusion of the heart 

The wall of the obviously dilated right ventricle measured 0 5 cm m thickness 
The right chambers were filled with postmortem clots There were no lesions m 
the tricuspid or pulmonic valves The interatrial and interventricular septums 
were intact The superior and inferior venae cavae were unchanged A finger 
passed into the prominent pulmonary conus and through the valve met with an 
obstruction at the point where the pericardial band passed ovei the arter> After 
thorough fixation, the pulmonary artery and its branches were examined from above 
after severance of the constiicting band of peiicardium, all contained postmoitem 
clots A difference m size was apparent between the right and left branches, the 
former having a diameter of 2 cm and the latter a diameter of 2 7 cm Approx- 
imately 3 mm distal to the commissures of the cusps of the pulmonaiy valve, 
the lumen of the mam artery was so constricted that a 4 mm probe was passed 
with difficulty, here the wall was grooved to a depth of 3 mm and for a width 
of 2 mm The lumen at the point of narrowing contained a snugly fitting post- 
mortem clot 4 mm in diameter It is reasonable to assume that the size of the cloi 
represented the approximate caliber of the vessel at the time of death At the point 
of constriction, the intima was pearly white and lacked the discoloration due to 
hemolysis seen elsewhere (fig 2) 

The left chambers of the heart proved to be dilated and to contain onlj post- 
mortem clots The wall of the left ventricle had a maximum thickness of 1 4 cm 
The trabeculae carneae were flattened The mitral and aortic valves were normal 
When the inverted appendage of the left atrium was pushed out, it immediatelv 
resumed its natural position and shape This feature, along with the lack of 
thrombus formation or adhesions, strongly suggested that the pericardium had not 
been in the position in which it was found for any appreciable time prior to death 
The ductus arteriosus was obliterated 

The lungs displayed pronounced edema The larger air passages, including 
the larynx, were patent Aside from a mild degree of acute passive hyperemia, 
the other organs were unchanged 
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Microscopic sections of the m 3 'ocardium displayed only slight li>i i rt'ophy , no 
scarring such as might readily follow the healing of a cardiac contusion was 
discerned In the aortic intima were several minute intimal lessions containing 
Iipoid-filled cells 

COMMENT ON AND INTERPRETATION OE THE POSTMORTEM 

OBSERVATIONS 

The clinical and autopsy data offer many points of interest and 
importance It was recognized at the outset that the foremost problem 
was to establish whether the pericardial defect was of congenital or 
traumatic oiigm Impoitant features favoiing the latter and against 
the former type of origin were (1) the well authenticated clinical 
histor}'^ and loentgenologiaphic proof of mjuiy of the thorax with frac- 



Fig 2 — The pulnionar\ ^ahc, pulmonarj’^ artcr\ and its mam branches, as 
Mewed from above after having been hardened in solution of formaldehide and 
opened Just without the valve is a deep constriction of the mam arten caused 
bj the purse string action of the ruptured, retracted and pleated pericardium 
the margins of which may be seen immediatch below the vessel and again above, 
where a hook has been placed Portions of the lungs and trachea are included 
m the drawing 

ture of the left clavicle and the third, fourth and fifth iibs, (2) the 
absence of S3miptoms or signs of a pathologic caidiac condition either 
prior to or after the accident, (3) postmortem absence of chronic dilata- 
tion of the heart, which is often reported to occui m the piesence of 
congenital pericardial defects, (4) acute lathei than chionic passive 
hyperemia, as would be expected if the heart had long been dilated , 
(5) a normally developed mediastinum, (6) the normal position and 
distribution of both phrenic nerves in i elation to the pericardium and 
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diaphragm, and (7) nonadheience of the retracted and pleated pen- 
caidium to itself or the surrounding structures and its ample size, (it 
accommodated the heart when stretched out and reapproximated) 
Plant ' has emphasized the position of the phrenic nerves as one point 
111 differentiating between congenital and other forms of peiicardial 
defects In the congenital type the left phrenic nerve is likely to couise 
superficially directly beneath the sternum, while the right nerve lies at 
a deepei level The smaller the ludiment of pericardium, the farthei 
to the right is the corresponding phrenic nerve displaced ^ 

The time at which heiniation of the heart or letraction of the peii- 
cardium or a combination of the two took place is uncertain The lack 
of pain of cardiac origin or of attacks of failuie of the right side of 
the heart at any time after the accident and the easily retractible left 
atrial appendage favoied teiminal extrusion Also, in some of the pie- 
viously recorded examples of traumatic rupture of the pericardium in 
which death was not immediate, the pericardium had been bound to 
sui rounding structures by blood clot or fibrous adhesions, nothing of 
the kind was present in our subject 

While the history suggested the occuirence of mild attacks of pain 
which could be explained by a temporary and intermittent escape of 
the heart through the pericardial rent, it is impossible for us to believe 
that the degree of obstruction of the pulmonary aitery so plainly evident 
at necropsy could have existed for any length of time Rathei, we 
feel that it was the actual and immediate cause of death and could not 
have existed constantly during the two and a half years of life after 
the injury In support of this concept were the lack of hypertrophy 
of the light ventiicle and the presence of evidence of its acute dilatation 
and of generalized acute passive hypeiemia The final mechanism must 
have been akin to that operating m embolic occlusion of the pulmonary 
arteiy, save that the obstruction was not complete and was applied from 
without rather than from within the vessel In this connection the 
observations of Fineburg and Wiggers ^ may be cited In experimental 
obstruction of the pulmonary artery it was shown that more than 58 per 
cent constriction not only resulted in congestion of the right side of the 
heart and failure but also introduced another factor, namely, a lowered 
blood supply to the left side of the heart, a drop m systemic blood 
pressuie and ischemia of the coronary arteries, thus causing dilatation 
and failure of the left side of the heart and an extremely rapid failure 
of the right side, attributable to a lack of arterial blood supply to the 

2 Plaut, M Ueber zwei weitere Falle ^on Defekt des Herzbeutels, Frank- 
furt Ztschr f Path 12 141, 1913 

3 Plaut, 2 p 146 

4 Fnieburg, M H, and Wiggers, C J Compensation and Failure of the 
Right Ventricle, Am Heart J 11 255, 1936 
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myocardium Beck’s® triad of clinical signs of compression of the 
heart itself, namely, (a) a low arterial pressure, (b) a high venous 
piessure and (c) a small quiet heart, expresses the same thought in 
difteient words 

ADDITIONAL CASES 

We aie including leferences to additional cases largely because of 
the meager statistics relating to the effects of trauma on the pericardium 
While the essential facts concerning these cases are given in the accom- 
panying table, certain features contained therein deserve amplification 

In the majority of the cases the injuries weie sustained m motoi 
vehicular accidents, the victim being struck and knocked down or run 
ovei oi both One victim was struck almost simultaneously by two 
cais Otheis were thrown from automobiles oi pinned beneath them 
Four deaths weie the lesult of falling, 1 victim was crushed by an 
elevator 

The youngest patient, whose case has just been repoited in detail, 
was 9 y^eais of age at the time of death and the eldest 84 The age 
of the majority fell between 40 and 50, i e , the years of actlvlt^ m 
industry’' but of deci easing agihty^ 

In 13 the pericardium was ruptured on the left side, mostly along 
the margo obtusus of the heart, m 4 the rupture was located on the 
light side, for the most part somewhat anteiiorly, 1 patient displayed 
multiple lacerations, while the site of lupture in 1 case was inadequately 
desci ibed 

The heait was found protruding thiough the opening in the peri- 
caidium 7 times In 4 cases the descriptions were vague, but from the 
natuie of the lesions it would seem impossible for cardiac herniation to 
have occuried One example is particulaily inteiestmg because of its 
similaiity^ to the case just described in detail, for while death was sud- 
den and the result of other extensive injuiies, the pericardium nevei- 
theless had slipped backward and was so tiglitly encircling the midportion 
of the left ventiicle that the muscle at this point was both depressed 
and blanched In another case of jiericardial rupture, the mteiatiial 
septum was torn acioss, and in another contusion of the my’^ocardium 
^^as displayed 

With the 1 exception, none of the victims sinvived for any appre- 
ciable time, all of them dying as a lesult of multiple injuiies almost 
at once 

As a rule, the side on which the peiicardium was tom, uhether 
right 01 left, corresponded to the side fiom which the force came 
Two cases proved to be exceptions to this rule In attempting to classify’' 
these, however, one familiar with vehicular accidents can readily’’ under- 

5 Beck, C S Two Cardiac Compression Triads, JAMA 104 714 
(March 2) 1935 
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stand the difficulty encounteied in detei mining solely from a wiitten 
record the exact diiection from which multiple forces were applied 

In the mam it appears that two mechanisms of peiicardial rupture 
exist (1) compression and (2) laceration oi puncture by the ends 
of fractured bones A combination of the two is likewise possible, the 
pericardium bursting under the effects of piessure alone and before 
the ribs give way, but in such cases, particularly when the pleuia was 
torn by the fractured iibs in any situation in which it would be at all 
possible for spicules of bone to have produced the holes in the peri- 
cardium, we have considered it best to regard the lesions as penetrating 
wounds due to the ends of bones On the other hand, in certain cases 
m which the fiactured iibs were so located that penetration of the 
pericardium was impossible, it has seemed logical to classify the condi- 
tion as a pure compiession lupture of the pericaidium 

REVIEW or THE LITERATURE 

One of the eaihest, ceitainl}' the most exhaustive and even today 
still one of the valuable contributions on the subject of traumatic 
cardiac and pericardial wounds was published by Fischer,*’ in 1868 
The purpose of Fischei’s papei, based on 452 A\ounds (401 of the 
heart and 51 involving the pericardium), was to refute the then generally 
held belief that wounds of the heart and its enveloping membranes were 
absolutely fatal and, fui ther, to catalog the diagnostic symptoms of such 
conditions Peisonal cases and those he found reported in the liteiature 
were grouped according to the etiologic factors, the site and depth of 
the wounds and the duration of life after injury We mention the 
manner of arrangement because it explains the lack of stiict chronologic 
order m the numbering of the case repoits of pericardial rupture cited 
by Fischer, abstracts and excerpts fiom which are given herewith The 
case numbers in parentheses are Fischer’s numbers All instances of 
perforation of the pericaidium by sharp instruments or bullets aie 
intentionally omitted 

Case 1 (case 374) — (Hewett, P Loudon M Gac 4 870 [May 14] 1847 ) 
We were fortunate in obtaining tlie original aiticle, and the abstract is from that 
source rather than from Fischer’s article Five instances of rupture of the heart 
and vessels were presented Of these, onlv the second was an example of pericardial 
rupture A man aged S3 was brought into St George’s Hospital dead, the report 
being that he had been kicked in the chest by a hoise with enough force to send 
him backward several feet The passersbj' ran to the man’s assistance, but he was 
dead At necropsy no marks of violence were observed, but when the skin was 
removed from the chest, some extravasated blood was found in the soft tissues In 
the second piece of the sternum was a transverse fracture, without displacement, 
despite the laceration of the periosteum on both sides The left second to sixth 

6 Fischer, G Die Wunden des Herzens und des Herzbeutels, Arch f 
klin Chir 9 571, 1868 
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ribs were fractured in two places, close to the cartilages and neai the spine , on 
the right side the second to fourth ribs were fractured about 3 inches (7 6 cm ) 
from their cartilages The pericardium was filled with blood, and an extensive 
laceration w^as seen on the left side Old adhesions betw'een the lung and the 
pericardium pi evented the escape of blood into the pleura The right \entriclc of 
the heart presented a trans\ersely directed laceration of its anterior surface at the 
junction with the pulmonarj artery, through which the tip of the index finger w'as 
easily passed The lungs were not traumatized , the other viscei a w ere not 
examined 

Case 2 (case 375) — (Vater, C Ephemei nat curios Dec III ann IX and 
X, Nuremburg, Frankfort and Leipzig, 1706, obs 164) A 30 >ear old w'oman 
w'as crushed against a wall hy a w'agon (1695) There w^ere liactures of the first 
and second left ribs near the sternum and a fractuie of the left clavicle The 
pericardium was only slightlj injured, but the right ventricle was toin at the top, 
with much blood in the pericardium It was clearlj' stated that the rupture was 
not produced by the fractures but from compression of the thoiax 

Case 3 (case 376) — (Niemann, A Ztsclu f d Staatsaiznl, 1861, p, 326 ) 
The victim had been run over The pericardium had a long tear near the vena 
cava, and the right ventricle had a tear neai the attachment of the vena cava 
There was much blood in the mediastinum, and the pericardial sac was distended 
with blood to four times its natural size 

Case 4 (case 379) — (Dupuytren, G Cltn chu 2 215, 1839 ) A man aged 
41 years was pressed against a w'all by a wagon tongue, sustaining fractures of 
several ribs and a diagonal break in the sternum at the junctuie of both the upper 
and the lower third The upper fragment was forced deep into the mediastinum 
The man was relatively well until the fourth day after injury, when oppression 
and a small pulse beat weie noted His condition ranged from suffocation to 
improvement for ten days Subcutaneous emphysema was lacking , there was an 
ecchymosis extending from the chest to the hip Death due to pericarditis occurred 
on the twelfth day It w^as found that the upper fragment of the sternum had 
penetrated the pericardium and torn a third of the way through the right v'entricle 
Theie was bloody serum in the right pleural cavitv, and old strong adhesions were 
present between the pleurae 

Case 5 (case 380) — (Elleaume, A H Essai >;ur les ruptuies du coeur. Thesis, 
Pans, no 186, 1857, p 14 ) A man 20 years of age fell fiom a tree and died 
within a few minutes There was rupture of the pericardium and of the left 
ventricle 

Case 6 (case 391) — (Morel-Lavallee, V A F Gac d hop 1860, p 19, 
1864, pp 46, 48, 51 and 53 ) " The first case, described in the paper of 1860, 
concerned a carpenter who fell a distance of 6 meters, striking on his left side He 
was rendeied unconscious and when seen was in shock Later he became lucid, 
but after five hours, during which vomiting took place, he lapsed into unconscious- 

7 The original articles were abstracted by us Evidentl> the same cases 
referred to by Fischer were reported in the followmig articles Laceration of the 
Pericardium and Fracture of the Skull, Bull Soc de chir de Pans 1 64, 1860, 
Rupture of the Pericardium Water-Wheel Jilurmui , AIill I^Iurmur, Gaz med 
de Pans 19 695-729, 771 and 803, 1864 
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ness Examination the following daj disclosed injury to the head, fracture of the 
sternoclavicular joint or clavicle and indications of injury over the prccordium 
Lavallee said he heard a loud “double systolic, ‘water-wheel,’ murmur , ” the sounds 
were alternately loud and soft and sharply interrupted, like the impact of water on 
the blades of an overshot water wheel He concluded that this could have been 
made only by fluid oi air or both which was being drawn in and out of the peri- 
cardial sac and that a pleuropericardial communication was necessarily present 
The man lived for three days Postmortem examination disclosed a fracture of the 
cartilaginous portion of the third rib, without displacement, and rupture of the peri- 
cardium along the left bordei 3 cm above the apex, the tear had irregular edges, 
was round and permitted the insertion of the little finger Fluid was present in 
both pleural and pericardial sacs, thus confirming the observer's contention Specific 
mention was made that continuity of the parietal pleura beneath the fractured rib 
persisted Fracture of the skull with subdural hemorrhage was the direct cause 
of death 

Comment — In his discussion the authoi stiessed the value of Bimt 
de lotie hydiauhque oi h) mt dc inouhn as a diagnostic sign of pericardial 
rupture This has not been mentioned by any subsequent writer As 
to the mechanism of production of rupture of the pericardium, Lavallee 
said he felt that the lungs and heart were ciushcd against the veitebrac 
during the impact and that the teat was produced by shearing or rubbing 
of the membiane against the bone 

This case and 2 others foimed the basis of a publication appearing 
in 1864 Again Lavallee mentioned having heard the ‘hvater w'heel 
murmur ” One of the new cases appears to us to have been an example 
of pneumohydropeiicaidium and is not included here The other 
(Fischer’s case 439) w^as that of a workman w'ho fell three stories 
onto some prominence and then to the ground, sustaining a compound 
fracture of the left leg, left hemiplegia and shock Hematuria was 
noted Icteius appealed shoitly, suggesting lupture of the liver Heard 
most distinctly ovei the nipple legion at each seventh, fifteenth and 
twentieth pulsation and repeating itself four or fiv'e times w'as a murmur 
like the sound produced b}’^ blowung in an empty bottle It vanished 
when the patient w^as upiight, reappeared wdien he was prone and dis- 
appeai ed after five days, when a precordial rub developed The positive 
diagnosis of a pleuropericardial communication w'as confirmed at autopsy, 
nine days after the accident, by the finding of a most remaikable rupture 
of the pericardium It consisted of five great tears wdneh left webs 
of pericardium and holes, the largest of which admitted a whole hand 
It measuied 10 by 13 cm Herniation of the heait w^as noted There 
were no demonstrable fractures of the iibs, the findings m othei parts 
of the body were insignificant In this paper the author suggested the 
possibility that lupture had been iwoduced by vibration, although he 
again said he considered that friction may have been responsible 

These 2 cases are most lemarkable because the patients were seen 
by the same physician, who established the correct diagnosis of a lare 
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lesion during life The second example is noteworthy on account of 
the extensiveness of the pericardial damage and furthei because it 
demonstrates that the peiicardium is not an indispensable structuie, 
since the patient suivned foi a numbei of days Finally, it was La\allee 
who first ventured a plausible explanation of the cause of pencaidial 
rupture 

Case 7 (case 392; — (Loir, J N Dissertation et propositions sur quelqucs 
points d’anatomie de physiologie et de pathologie, Thesis, Pans, no 45, Pans, 
Atequignon-Marvis, pere & fils, 1835 ) A driver 23 years old was caught between the 
wheels of two wagons , he quickly lost consciousness and died There were fractures 
in the posterior halves of the eighth and ninth ribs and blood in the left pleura and 
the pericardium, where a 2 inch (5 cm ) opening was seen On the posterior suiface 
of the heart was a 1^4 inch (3 8 cm ) wound communicating with both chambers 
The injury had been caused by the sharp fragments of the eighth rib The spleen 
was ruptured (Fischer stated that this case was cited by Choisy from Bouillaud 
[Bouillaud, J B Traite climque des maladies du coeur. Pans, J B Balhcre, 
1835, vol 2, p 499] and in the works of Dupuytren and klarx [Dupujtren, G 
Lemons orales de climque chirurgicale. Pans, Germer-Bailhere, 1839, vol 2, p 213 ] ) 

Case 8 (case 395) — (Duverney, J G Trade des maladies des os, Pans, 
De Bure I’aine, 1751, vol 1, p 275 ) A man fell on a stone while bowling, splinter- 
ing and crushing the body of the sternum and tearing the pericardium and right 
auricle 

Case 9 (case 399) — (Wilkm and Lees Dnhlm J M Sc 2 174, 1837 ) A 
brewer rvas run over , he got up and drove on for another hour and then went to 
the hospital, complaining of pain He died immediately after turning on his side 
There was a fracture of the fifth rib, the end of which penetrated the pericardium 
and right auricle, plugging the hole in the former but not in the latter Apparently 
both were closed at first and became loosened when he was lying down 

Case 10 (case 411) — (Gamgee, J S Researches in Pathological Anatomy and 
Clinical Surgery, London, H Bailliere, 1856 ) A man of 38 fell from a wagon 
The pericardium was torn anteriorly, a rent the size of a goose quill was seen in the 
auricle and the liver was torn The heart was otherwise normal 

Case 11 (case 416) — (Dickinson London M TinieSj Jan 31, 1863 ) A child 
of 5 j'^ears was run over and brought into the hospital dead There were no external 
injuries, but the pericardium was full of blood, which issued from a tear m the tip 
of the heart Both ventricles were open, and the heart was considerably torn, as 
was also the pericardium There were no fractures 

Case 12 (case 417) — (St Thomas’ Hospital, London, von Chelius, M J 'V 
System of Surgery, translated by J F South, Philadelphia, Lea & Blanchard, 1847, 
vol 1, p 546 ) A man w'as run over and then walked about one hundred steps 
He died in about nine hours of suffocation There were fractures of the first two 
ribs on the right side and of the upper five ribs on the left side A sharp end had 
been forced into the pericardium and had injured the heart near the tip Both 
the pleurae and the pericardium contained blood The right side of the diaphragm 
and the apex of the left lung were torn 
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Case 13 (case 420) — (Ma>er Med -clw Ztq , Aug 31, 1835 ) A farmer 
\\as thrown from a raft by a falling log without being touched by it He 
fell into the water and although brought up immediately proved to be dead There 
was 5 pounds (2 3 Kg ) of blood in the thorax A tear was seen m the pericardium 
near the attachment of the aorta, another occurred at the tip of the heart The 
myocardium was healthy 

Case 14 (case 422) — (Casper, J L Practischer Handbuch der gerichtlichen 
Medicin, Berlin, A Hirschwald, 1857, p 122 ) A man aged 24 was hurled with great 
force from a wagon against a poplar tree Outward evidence of injury was lack- 
ing The spinous process of the first thoracic vertebra w’as broken The heart was 
completely torn from the vessels and lay free in the thoracic cavity The peri- 
cardium was likewise whollj divided The heart substance was normal Three 
quarts (2,840 cc ) of blood occupied the left side of the thoracic cavity The 
lungs and liver were torn 

Case 15 (case 423) — (Casper, J L KUnische Novellcn zur gerichtlichen 
jMedicin, Berlin, A Hirschwald, 1863, p 347) A man w’as instantly killed bj a 
falling iron beam The left side of the chest was completely crushed, and there 
w'ere siv or eight tears in the left lung, wdiich were not produced bv the fractures 
The pericardium w'as torn ,ts full length, and the lieart, sepaiatcd fiom its great 
vessels, la}'' free m the pericardial sac 

Case 16 (case 425) — (Fltigel Acrcil Int-DI, 1859, no 26) A bo\ 17 rears 
of age W'as caught in a gear and was dead w'hen rescued A few' drops of blood 
issued from the nose and mouth , there were abrasions on the bod} The fourth 
rib was fractured near the nipple Both pleural sacs were filled with blood The 
pericardium displayed a posterior tear through which the heart herniated Tears 
existed in the lungs, liver and spleen 

Case 17 (case 426) — de Berghes Wchnschi j d gt<; Ilcdk , 1844, no 20, 
p 326 ) A man w-as crushed under a falling tice The thorax and abdomen weie 
split so that a large part of the -viscera came out, tearing the heart from its 
attachment and allowing it to fly for a distance of ten steps from the bod} The 
heart was lacerated in several places supenoi 1} , so that the fingers could be msei ted 
into the ventricles, no traces of vessels or Aalves remained on the organ It should 
be noted that although no mention of the pericardium was made, it must have 
been ruptured 

Case 18 (case 430) — (Sanson, A Plaies du coeur. Thesis, Pans, no 259, 
1827, obs 24, p 34 ) A man of 40 years was struck over the chest by a wagon 
tongue, w'hich fractured several ribs and the sternum He w'as found in shock 
and W'as treated by bandaging and bleeding Death supervened on the thirteenth 
day The fourth to sixth ribs w'cre broken 3 inches (7 6 cm ) from the sternum, 
and in the latter W'as a transverse fracture A pint (475 cc ) of bloody serum 
was present in the right pleura The upper fragment of the sternum was forced 
inside the pericardium, and in this region there was a nonpenetrating w'ound, 
measuring about 1 inch (2 5 cm ) in length, directed transverselv on the surface 
of the heart The pericardium w'as reddened and had adhesions 

Case 19 (case 432) — (Watson Nezu Toil J j\Ird vol 3, p 351 ) In this 
case there was a fracture of the sternum w'hich tore the pericardium but compressed 
the heart only slightly 



CRYNES-HUNTER— RUPTURE OF PERICARDIUM 73 S 

Case 20 (case 435) —(Irving, J Rupture of the Heart from Accident, 
Lancet 1 241, 1859 Fischer listed onlj the lefercnce, we Iia\e made the abstract ) 
A boy of 16 3 ears was run o\er b} an emptv wagon, the wheels crossing the 
chest, death was instantaneous The face and bodj generally appeared pallid 
me or two of the spinous processes of the dorsal rertebrae were fractured, 
the fifth and tenth right ribs w'ere broken The pericardium showed a tear, which 
bareh admitted the forefinger, communicating wuth the right pleura The heart 
w^as the seat of three ruptures, there were three lacerations m the lower lobe 
of the right lung opposite the fractured ribs Irving said he felt that the first 
w'heel must have come on the heart wdien the ventricles W'ere full and must hare 
burst them, wdiereon the pericardium immediately distended and was ruptured b\ 
passage of the second w'heel 

Case 21 (case 436) — (Chnstison, cited bj' Watson Neza \ oiK J I/td 
vol 3, p 96 ) Rupture in this case w'as due to a fall No details w'ere gnen 

Case 22 (case 437) — (Chnstison ) In this case ruptuie was due to a blow , no 
further information w’as given 

C'\SE 23 (case 438) — (Costa dc Saida Gac d hop 26 413, 1853 ) “X. 45 
year old man fell from the fourth floor of a house, justainmg a rupture of the 
entire left side of the pericardium, extrusion of the heart and three fractures of 
the sternum, w'lth the first fragment pressing posteriorly, resulting in a tear in the 
ascending aorta, lung and diaphragm Additional fractures and dislocations were 
present He died at once 

C\SE 24 (case 440) — (Lente, F Nezo Yoik J Med 17 171, 1851 ) A man 
aged 36 W'as struck by a bale of hay on board a ship and w'as precipitated 20 
feet (6 meters) into the hold The results included a comminuted fracture of the 
sternum, laceration of the pericardium, contusion of the heart and fracture of a 
cervical vertebra 

Case 25 (case 441) — (Casper, J L Practisches Handbuch der genchtlichcn 
Aledicin, Berlin, A Hirsclnvald, 1857, p 124 ) A 44 year old man fell 46 feet 
(14 meters) into a cellar and probably died at once The pericardium w'as torn 
along its entire length, but the heart was not injured The liver and spleen were 
lacerated, the ribs w'ere “bent in” and the skull w'as fractured 

Case 26 (case 442) — (Hermann, J Ocstcii vied IPchnscJu , 1846, p 347 ) 
There was rupture of the pericardium and diaphragm allow'ing herniation of the 
small bow'el into the thoracic cavity 

Case 27 (case 444) — (Stokes, W Edinbtn gli M J , July 1, 1831, London 
M Gac , July 30, 1831, p 560 ) This case w-as not confirmed by autopsi but is of 
great interest clinicall} It is discussed at end of this paper 

Case 28 (case 449) — (Morel-Lavallee, cited by Casper, J L Practisches 
Handbuch der gerichtlichen medicin, Berlin, A Hirschw'ald, 1857 ) A patient w'ho 
had a w'ater w'heel murmur recovered, autopsy w’as not performed We are 
inclined to feel that this w'as an example of pneumohjdropericardium, although 
AIorel-Lavallee made a clinical diagnosis of rupture of the pericardium 

Case 29 — (This case W'as not included in Fischer’s re%iew It was reported 
by Duka ® in 1862 ) A man aged 65, a Alohammedan, fell during a scuffle and 

8 Duka, T A Case of Rupture of the Right Ventricle of the Heart and 
Pericardium, Indian Ann AI Sc 8 257, 1862 
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suddenly expired The left pleural cavity and pericardial sac were distended 
with blood A few “lines” above the apex of the heart and covered by the lower 
lobe of the left lung was a small horizontally directed aperture in the peri- 
cardium, with seepage of blood into the torn margins of the membrane The 
wall of the right ventricle had two rents, one complete and the other onlv 
partial The heart displayed fatty degeneration and extensive atheromatous 
deposits in the mam arteries Rupture of the pericardium was mentioned as the 
most remarkable feature of the case, but the reason therefor was not stated 

Case 30 — (Damman,^ 1872 ) In this instance, pericardial rupture was observed 
at autops 3 ' The person had fallen out of a Gi citjcm i aa (a local type of conveyance 
in Cape Town, South Africa), and died immcdiatclv In a case in which the 
patient was observed climcallj, Damman suggested the possibilitj of ruptured 
pericardium, permission for necropsy was denied, and the diagnosis could not be 
confirmed 

Case 31 — (Joubin,ii 1873 ) The patient was struck on the chest and died 
A rent in the pericardium was found at the postmortem examination 

Case 32 — (Lewtas,^- 1876 ) A coolie fell about 40 feet (12 meters) into the 
hold of a ship, death ensued two hours later There was extensne subcutaneous 
emph 3 sema, fractures were found in the left claMcle and m many of the ribs 
on the left side, producing man 3 wounds in the left lung In tlie right side of the 
pericardium was a 2 inch (5 cm) rent, the edges were discolored with blood 
wdiich had extravasated into the membrane Through the opening the heart 
could be seen in its normal position Another and smaller rupture of similar 
appearance was found in the left side of the pericardium close to the apex of the 
heart The pericardial sac was devoid of blood, but aliout 6 ounces (178 cc ) 
that may have come from the torn membrane la 3 in tlic right pleural sac The 
right ribs and lung, liver and spleen w’erc uninjured Lcw’tas had ^c^c^ before 
encountered a pericardial rupture 

Case 33 — (Allan,i3 1878 ) A man aged 48 w'as crushed when a bale of cotton 
struck his back Considerable hemorrhage from the urethra w’arranted a clinical 
diagnosis of fracture of the pubic bone with rupture of the membranous uretlira 
He had great pain in the cardiac region, incessant painful cough and an anxious 
expression Elevation of the temperature and shglit pneumonia persisted for a 
w'eek The temperature returned to normal and continued thus for fifteen da^s, 
followed by signs of pleurisy and pericarditis Death supervened one month 
after his admission to the hospital At necrops 3 bilateral serofibrinous pleuritis, 
pulmonary congestion and edema and a pericardial tear along the wdiole left bordei 
were present^ When the anterior part of the left lung w'as lifted from the peri- 

9 Damman Verhandel v h Genootsch t Bevord d Nat Genees- en 
Heelk te Amsterdam 3 13, 1872-1873 

10 This case report was translated for us by Dr J G Huizenga, Holland, 
Mich 

11 Joubm, F De la dechirure du poumon sans fracture de cote correspondante, 
consideree au point de vue de son mecanisme et de ses symptomes. Thesis, Pans, 
no 304, 1873, cited by Shackelford, R T Hydropneumopericardium, J A 
M A 96 187 (Jan 17) 1931 

12 Lewtas, J Rupture of the Pericardium, Indiana M Gaz 2 296, 1876 

13 Allan, J Rupture of the Pericardium, Fracture of the Pelvis and Rupture 
of the Urethra, Lancet 2 331, 1878 
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cardium it was found to be adherent bj its anterior margin, infenorh the lung 
was thinned out and insinuated around and behind the apex of the heart When 
the adhesions were broken up, the pericardium proper pro\ed to be entirely absent 
from the left side of the heart, and the internal (mediaP) surface of the left 
lung acted in its place It was then observed that the anterior margin of the 
left lung adhered to the retracted right border of the torn pericardium The 
left side of the lacerated pericardium appeared as a band % inch (19 cm) 
broad, running parallel with the long axis of the body behind the middle part of the 
heart, and presented a free border The portion of pleura m contact with the 
left side of the heart was unaltered The improvised pericardium contained 1 
ounce (30 cc ) of turbid serum, with a lajer of recent Ijmph on the heart and 
parietal surfaces Concomitant injuries were fractures of the os innominatum, 
separation of the sacroiliac synchondrosis and rupture of the membranous urethra 

Case 34 — (Reynier^^) In this case trauma to the chest was incurred without 
injury to the heart, although there was a wide communication between the peri- 
cardial sac and one of the pleural cavities Death took place after three hours 

Comment — Aftei Fischer’s® leview of the hteiatuie, the next one 
was made by Schuster,^® in 1880 The following abstracts weie obtained 
from this source, and the references are for the most pait as he gave 
them 

Case 35 — ^(Biermer Sclnvciz Ztschi f Hcilk 2 146, 1863 ) A 33 year old 
man was run over by a heavj wagon and died twenty-two hours later Rupture 
of the pericardium, a tear m the right auricle, numerous fractures and rupture of 
the left bronchus were present 

Case 36 — (Bernt BaU c gei Aisncihinde, \o\ 5, p 86) A man of 58 fell 
from a choir loft, lacerating the pericardium from top to bottom, tearing the right 
auricle, separating the heart from its great vessels and fracturing the sternum, 
nearly all the ribs and many other bones 

Case 37 — (Bernt, J Visa reperta, Vienna, J B Wallishausser, 1827-1845, 
vol 3, p 286 ) In this case a 1 inch (2 5 cm) tear in the pericardium, right atrium 
and septum, fractures of the arms and several ribs, and rupture of the liver 
occurred in a 47 year old man as a result of a fall 

Case 38 — (Bernt, J Visa reperta, Vienna, J B Wallishausser, 1827-1845, 
vol 3, p 328 ) A woman of 70 was run over , as a result there were several tears 
in the pericardium, rupture of the right atrium, superior vena cava, diaphragm, 
liver and stomach, and fracture of several ribs and the right clavicle 

Case 39 — (Dehenne, A Rec d mem de med mil 34 377, 1878 ) Dehenne 
described a case of ruptuie of the heart and pericardium in a soldier who fell from 
a horse and died within an hour The left arm was broken 


14 Reynier, P Recherches cliniques et experimentales sur le bruit de moulin 
dans les traumatismes de la poitrine. Thesis, Pans, no 14, Pans, A Parent, 
1880, cited by Alartin and Mazel -o 

15 Schuster Ueber die Verletzungen der Brust durch stumpf-vvirkende 
Gewalt, vom gerichts-arztlichen Standpunkt, Ztschr f Heilk 1 417, 1880 
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Case 40 — (Maschka, J Pr Vierteljahrs , vol 73, p 121 ) A laborer was 
crushed between tw'O trains, with resultant fracture of the sternum and all the 
ribs and rupture of the pericardium, left ventricle and upper lobes of the lungs 

Case 41 — (Pamard, cited by Dehenne, A Rcc dc mcm de vied mil 34 
377, 1878 ) A man 39 years old was crushed under a heavy load and died 
immediately The pericardium was ruptured, the right ventricle w^as torn and man> 
ribs were fractured 

Case 42 — (Ta\lor, AS A Manual of Medical Jurisprudence, London, J 
Churchill, 1844, \ol 1, p 639 ) A child was instantlj killed when run over The 
pericardium and heart w'ere torn for their entire length External signs of injury 
were absent 

Case 43 — (Bernt, J Bcili c gcr ArzuciLiindc, vo\ 4, p 100) When pitched 
from a w^agon by a bolting horse, a 48 icar old man died immediateh Autopsy 
showed fracture of the sternum, se%cral ribs and one vertebral body and laceration 
of the pericardium and of both cardiac \cntricles 

Case 44 — (Bernt, J Visa reperta, Vienna, J B Wallishausser, 1827-1845, 
vol 2, p 314) ) A man 48 jears of age fell from a height, rupturing the peri- 
cardium, interatrial septum, lungs, Iner and spleen The sternum and se\cral ribs 
w'ere fractured 

C^se 45 — (Casper, J L Practischcs Handbuch der genchthchen Medicin, 
Berlin, A Hirschwald, 1857, \ol 2, p 256 ) This person was run o\cr bj a 
railwaj train The pericardium and numerous other organs were ruptured, but 
the heart was spared There were main fractured bones 

Case 46 — (Bernt, J Visa reperta, Vienna, J B Wallishausser, 1827-1845, 
vol 2, p 302 ) A manser\ant of 44 jears was run over The pericardium had 
a 4 inch (10 cm ) tear, the heart was undamaged A bruise was seen on the 
chest, ribs were fractured and seicrai organs contained lethal ruptures 

Case 47 — (Bernt, J Visa reperta, Vienna, J B Wallishausser, 1827-1845, 
vol 2, p 332 ) A 44 jear old man fell from a roof, tearing the pericardium from 
top to bottom, crushing the skull and breaking se\eral ribs and the sternum 

Case 48 — (Genn-Roze, cited bj Dehenne, A Ret dc mcm dc vied mil 
34 377, 1878 ) This person fell from a third ston, rupturing the heart, aorta 
and pericardium 

Case 49 — (De\ergie, M Medccine legale. Pans, Germer-Bailhere, 1836, 
vol 2, p 376 ) A man of 30 jears who had been in a drunken brawd and probably 
W'as struck in the chest died quickU as a result of a rent in the pericardium at 
the root of the great vessels and rupture of the intrapericardial portion of the 
pulmonary arterj' There w'as a stab w'ound in the neck 

Case 50 — (Rose,io 1884 ) This author saw' 2 patients with traumatic injury 
of the chest resulting in combined rupture of the heart and pericardium , 1 patient 
lived four daj'S and the other for several hours 

16 Rose, 1884, cited by Loison Rev de chii 19 49, 1899, cited b^ Bright, 
E F, and Beck, C S Non-Penetrating Wounds of the Heart A Clinical 
and Experimental Studj', Am Heart J 10 293, 1935 
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Case 51 —(O’Brien, 1893 ) A woman fell 8 feet (244 cm) into the water 
and was struck by a ship’s propeller Examination disclosed ecch 3 moses o\cr 
the chest, fracture of the sternum between the fourth and fifth nbs and a trans\erse 
laceration of the heart and pericardium The ribs w’ere uninjured 

Case 52 — (Hutchinson,^^ 1894 ) A man of 59 was kicked m the chest b} a 
horse, and a precordial hematoma developed The skin w’as unbroken Signs of 
severe shock were evident, and death ensued after four hours Autopsy re\ealed 
no fracture of the sternum or ribs, the anterior mediastinum was filled with blood 
clot which had issued from a rent in the front part of the pericardium, a second 
tear communicated with the pleural cavity The heart was not displaced and 
appeared to have stopped in diastole At the apex of the right ventricle w'as a 
rupture less than mch (0 6 cm ) in diameter Beneath the epicardium between 
the rupture and the ventricular septum, was a small ecchjmosis Hutchinson 
said he thought that the pericardial rupture by preventing tamponading of the 
heart delayed death 

Case 53 — (Bergmann,^® 1901 ) A voung man w^as apparentlj' crushed between 
two railroad cars and died en route to the hospital To the left of the sternum 
was an abrasion a few'' centimeters in extent The left pleural cavity contained 
clotted blood None of the bones of the thorax w'erc fractured The pericardium 
W'as torn, and the heart, w'liich had herniated through the rent, lay in the left 
pleural sac Both ventricles w'ere torn at the base, the auricles were also open, 
and the organ remained attached only to the great vessels The other organs were 
said to have been uninjured 

Case 54 — (Martin and Mazel,-® 1914) A man W'as found lying on a railwaj 
track He w'as semicomatose or unconscious and died after three da\s Sub- 
cutaneous emphysema developed over the upper part of the thorax The presence 
of premastoid ecchymosis led to the suspicion that the skull w'as fractured No 
attention seems to have been paid to the pulse or to the heart When the sternum 
W'as removed, the pericardium was seen to be torn through the w'hole left lateral 
line and anterior to its insertion in the diaphragm, some vestiges of the latter 
remaining in the form of dark ecchymotic areas The posterior surface at the 
level of the interpulmonary area was intact Of the anterior surface, onlj a 
strip remained, covering just the right auricle and ventricle, this had a much 
heavier consistency than normal pericardium, the free end w'as frajed and fringed 
In addition to the traumatic lesions, inflammation, evidenced by fibrinous exudate 
in typical cor villosum arrangement, existed both over and beneath the lacerated 
pericardium Fibrinous pleuritis complicated multiple perforating fractures of the 
sixth to the ninth left ribs The heart and lungs had escaped traumatization 

17 O’Brien, C Af Traumatic Rupture of the Fleart Consequent on Fracture 
of the Sternum, Brit M J 2 843, 1893 

18 Hutchinson, F Case of Traumatic Rupture of the Heart, Brit M J 
2 1427, 1894 

19 Bergmann Ein Fall von subkutaner traumatischer Ruptui des Herzcii'; 
und Herzbeutels, Alonatschr f Unfallh 8 IS, 1901 

20 A'lartin, E , and Afazel, P Un cas de dechirure traumatique du pencardc 
sans lesion du cceur avec pleuro-pencardite consecutne, Arch d’anthropol crim 
29 754, 1914 
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Case 55 — (Kellert,^! 1917 ) A man aged 44, an Italian, was buried up to the 
waist in a sand bank cave-in Necropsy, eight days later, revealed five small 
abrasions on the left anterior part of the chest The sternum and ribs were intact 
The right pleural sac was obliterated by old adhesions The left lower part 
of the pericardium presented a ragged opening 4 cm in diameter, the pericardial 
sac was filled with clotted blood and communicated with the left pleural cavity 
The heart lay to the left of the midsternal line and was twisted slightly from 
left to right There was a large amount of firm blood clot adherent to the anterior 
and right lateral surfaces , near the apex on the right posterior surface was a 
ragged linear lacteration of the heart, with blood-stained margins, allowing free 
communication with both ventricles 

Case 56 — (Doughty,-^ 1923 ) A housewife 35 \ears of age had been loiocked 
down by an automobile four days previously She sought attention because of 
dvspnea when lying down Choking and a sensation of fulness in the hjpo- 
chondrium while eating were additional complaints Physical examination showed 
pronounced orthopnea without cyanosis The apex beat was m the sixth inter- 
space 4 cm to the right of the midline The left cardiac border was 2 cm to 
the left of the midline A systolic murmur was audible over the apex The 
pulse rate was 120 and the blood pressure 132 systolic and 84 diastolic Inspection 
of the thorax showed limited movement of the left side The left dome of the 
diaphragm was elevated 3 cm and had respiratory excursion of 3 cm , in con- 
trast to that of 6 cm on the right side Fluoroscopic examination confirmed the 
existence of dextrocardia, although the aortic arch was in the normal location 
After a week of obser\ation, with progressive discomfort, laparotomv was 
attempted under local anesthesia, but the patient soon became unmanageable and 
expired suddenlj as chloroform inhalation was begun 

At postmortem examination a linear tear of the right side of the pericardium 
was found, and through this the heart protruded into the right pleural cavity 
A fibrinous exudate w'as present betw'een the epicardium and the pleura The left 
leaf of the diaphragm was ruptured, and through it the stomach and some of the 
small bowel protruded into the pleural cavity The condition of the ribs and 
sternum was not mentioned but in a personal communication to us (Aug 30, 1937) 
Doughty stated that he was certain none of the ribs w'cre fractured 

Case 57 — (Haberda,"^ 1927 ) Two cases w'ere mentioned, that of an infant 
of 8 months (the mother had jumped with the baby from a third story window to 
the pavement below^ and that of a w'Oman of 34 who had throw'ii herself from 
the second floor The thoracic w'all of the infant was not injured, the peri- 
cardial laceration was located on the anterior surface and w'as accompanied by 
hemorrhage into the mediastinum In the w'oman both the sternum and the heart 
were uninjured, there was no hemorrhage into the mediastinum and only the 
internal layer of the pericardium was torn 

21 Kellert, E Traumatic Rupture of the Heart Report of a Case with 
Uninjured Chest Wall, J Lab & Clin Med 2 726, 1917 

22 Doughty, J F Traumatic Rupture of the Pericardium with Resulting 
Dextrocardia Complicated by Rupture of the Diaphragm and Liver, JAMA 
81 1784 (Nov 24) 1923 

23 Haberda, A, in von Hofmann, E Lehrbuch der gerichtlichen Medicin, 
ed 11, Berlin, Urban & Schwarzenberg, 1927, p 584 
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Case 58 — (Spitzmuller,^^ 1928 ) A janitor 40 \ears old fell 15 meters through 
a skylight, striking on the sacrum Consciousness was retained , he was shocked 
and complained of excruciating pain in the chest and abdomen and painful respira- 
tion The pelvis and knee joints showed evidences of injury, but the chest did 
not Results of physical examination were otherwise unimportant The temperature 
rose to 38 5 C , the pulse maintained a rate of 160 to 170 Rigidity and tender- 
ness of the upper part of the abdomen led to laparotomy on the second daj , 
nothing was found On the third day pain, radiating to the left shoulder, first 
appeared, what seemed to be rapidly advancing pneumonia de\ eloped, and he 
died that day 

Pertinent necropsy findings were contusion of the left pectoral muscle and 
rupture of the pericardium on the left side with extrusion of the heart The 
tear extended to within 3 cm of the apex of the heart, and over the pericardial 
surfaces fibrin had been deposited There was no blood staining of the pericardium 
Congenital absence of the membrane was excluded by dissections demonstrating a 
normal course of the phrenic nerve There was no mention of fractures of the 
sternum or ribs Spitzmuller reasoned that rupture of the pericardium had been 
brought about by indirect trauma In so doing he apparently overlooked the 
evidence of injury to the left pectoral muscle 

COMMENT 

Since the publication of the first account of traumatic ruptuie of the 
pericardium, in 1706, this has been a well recognized type of injui) 
Even so, but little attention has been given the mattei, as evidenced by 
the few and widely scattered leferences in the hteiatuie over a period 
of more than two bundled yeais In this connection it is inteiestmg 
to note the changing nature of the causative agents Formerly the 
victims were struck by wagon tongues, run over by wagons or kicked 
by horses, at present, keeping pace with the machine age, the great 
majoiity are killed by automobiles 

From the standpoint of symptomatology the literature offeis two 
points woithy of consideration Both Allan and Spitzmullei ^ men- 
tioned the intense precoidial pain, temporary in the first instance and 
constant m the second Doughty’s patient, although lacking angina, 
had marked cardiac embarrassment, which, however, could have been 
due in part to the diaphragmatic heinia Our case is somewhat like 
Allan’s, in that pain was present for a time and later disappeared On 
the other hand, according to Kosmin,^^ an isolated wound of the peri- 
cardium not involving the blood vessels may be pi actically asymptomatic, 
because the pericardium as such does not give use to pain and an injury 
to It need not necessarily be associated with a change m cardiac activity 
Like Doughty’s subject, ours died suddenly after a latent period, 
although fiom a different cause than his A second observation, appar- 

24 Kosmin, V P Mechanism of the Origin and Differential Diagnosis of 
Wounds of the Pericardium Without injurv to the Heart, Novy khir arkhiv 
32 129, 1934 
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ently long ovei looked but of diagnostic impoitance, is the “water wheel 
murmur” heaid and described by Lavallee in 2 proved instances of 
tiaumatic pericaidial rupture In the piesence of such a sound the 
differential diagnosis lies between a traumatically produced pericardio- 
pleuial communication and pneumoh 3 '^dropei icardium 

Although not pioved by neciopsy, the case lepoited by William 
Stokes was probably an example of pericardial ruptuie Clinically, 
the report was splendidly prepared, and foi this and the further reason 
that the original is not leadily accessible, we feel justified in summaiizmg 
the papei 

Mr B, aged 21, had been in good health until 1822 (nine years before), 
when, while plajing in a large water wheel, he was thrown on his face b}' the 
revolving wheel and caught half in and half out of the wheel in a line running 
from the inferior angle of the left scapula to the top of tlie right shoulder With 
the next turn of the wheel he fell into the uater, was rescued immediately and 
remained unconscious for three hours On examination two lower ribs on the 
left side, the right clavicle, the humerus and the fifth to sc\cnth ribs on the 
right side proved to be fractured The right side of the face and thorax were 
emphysematous There was complete paraljsis of tlie right arm, with some loss 
of sensation Subjectively there W'as great pain m the riglit side of the chest, 
giving the sensation of a foreign bod> which prevented respiration into the right 
lung The pain was accompanied by a violent throbbing and heaMng, and it w'as 
soon discovered that the heart was pulsating at the right side of the sternum 
There was a short, dry cough but no hemoptjsis 

Treatment consisted of bleeding and other mcisiircs In two dajs the 
emphysema subsided For the next month he was in bed, still suffering fiom a 
dry cough and pain in the side The following month he w'as ambulators For 
the next eighteen months he experienced frequent recurrences of pain, which w'ere 
invariably treated with tlie lancet The function of the paralyzed arm gradually 
returned The heart continued to pulsate on tlie riglit side, and the cough persisted 
being aggravated bj' wunter weather and bv exercise During seseral winters 
there w'ere attacks of an “inflammator 3 ’^ nature” m winch he suffered from siolent 
pain 111 the right side of the chest, palpitation and marked dsspnea These svere 
always relieved bj" bleeding (about fifty times) wuthout ssncope, even w'hen 30 
ounces (890 cc ) of blood w'as taken In 1829 he began taking digitalis, w'lth 
considerable relief, and graduallj' increased the dose to 6 to 8 grams (039 to 
0 5 Gm ) of the powder at a single dose, without untowxard symptoms or a decrease 
of the pulse rate below' 80 When first examined bj Stokes the man w'as free 
from symptoms and appeared to be in good health Ihere w'as depression of the 
right shoulder, an increase of about an inch (2 5 cm) in size w'as noted in 
the lower right side of the chest, the left side sounded clear, respirations were 
of the puerile tj'pe, and the sounds could be heard over the normal cardiac region, 
the sounds of the heart being imperceptible over the low'er part of the chest and 
barely audible superiorlj' The upper portion of the right lung w'as clear to the 
level of the fifth rib, but from there to the base it w'as completely dull The 

25 Footnote deleted 

26 Stokes, W A Case of Probable Dislocation of the Heart from External 
Violence, Edinburgh M & S J 36 45, 1931 , London M Gaz 8 560, 1831 
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cardiac pulsation could be seen and felt in the right mammar\ region between 
the sixth and seventh ribs w'lthin an inch of the sternum There weie no signs 
of valvular disease 

Stokes said he felt that onl} traumatic ruptme of the peiicardiuin 
wfith displacement of the heait could account foi the findings His 
diffeiential diagnosis included consideiation of congenital malposition, 
extensive left pneumothorax, tumor of the left side of the thoracic 
cavity, extensive empyema, emphysema, herniation of visceia thiough 
the diaphiagm and aneurysm of the abdominal aorta In suppoit of the 
diagnosis of tiaumatic peiicardial ruptme he stressed the insistence 
of the patient that pievious to the accident he had often felt his heait 
pulsating in the noimal position and was the fiist to point out to fi lends 
that the pulsation had shifted to the right side of the sternum after 
the accident This ruled out the piobability of congenital malposition 
of the heart The finding of lesonance and breath tones b) percussion 
and auscultation satisfied Stokes that pneumothoiax or tumoi was not 
piesent He eniplo)'’ed the same aigument against diaphiagmalic heinia 
and m summarizing stated 

We must admit then that this is an example of dislocation of the heart with 
rupture of the pericardium and right pleura, a supposition wdnch appears to me 
to agree perfectly wuth the history of the case and the state of the patient 
From the history it appears probable that the patient has suffered repeated attacks 
of pleuritic inflammation of the right lung But the most singular circum- 

stance connected wutli this extraordinar}' case is the fact that the patient after 
so dreadful an accident, lived so long and enjojed a tolerable state of existence 

If one could only be ceitam that a ruptured peiicaidium was 
responsible foi the signs and symptoms, this case would be the most 
remaikable of its kind on lecord To us it appears that diaphiagmatic 
henna was not adequately luled out 

Another equivocal case is that described by Cameion 

A man 67 years of age died of bronchopneumonia and dilatation of the heart 
wnthout any physical signs pointing to the existence of the extensive pericardial 
defect discovered at necropsv Five years before death the man had fallen a 
distance of 17 feet (5 meters) through a hatchway, sustaining numerous and 
serious injuries that rendered him unable to perform physical w’ork thereafter 
Positive necrops} evidences of the accident w'ere sharp k 3 phosis of the spine at the 
level of the eleventh and tw'elfth thoracic vertebrae, w’lth compensator! lordosis at 
the sixth dorsal body, severe right lateral scoliosis, absolute rigidit} of the 
spine from the fifth dorsal A'ertebra caudallj, deformities of the ribs resulting 
from the curvatures of the spine and a long scar m the right lobe of the Iner 
anteriorly, wnth adhesion to the abdominal wall Betw'een the sternum and the 
pericardium w^ere dense fibrous adhesions The parietal pericardium was repre- 
sented by onl} a pouchlike structure on the right and inferior aspect of the heart , 

27 Cameron, A L Defects of the Paiietal Pericardium, Tr Chicago Path 
Soc 9 148, 1914 
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the left side of the organ was entirely devoid of pericardial covering The sac 
was about one-half the si 2 e of the heart and of sufficient size to accommodate the 
right auricle and about half of the ventricle It resembled closely a normal peri- 
cardium through which a section had been made passing just to the left of the 
pulmonary artery and missing its attachments to the diaphragm on the left side 
by a distance of about 2 cm , the plane of the section being at right angles to the 
vertical plane of the bodv Posteriorly the pericardium was represented by a 
narrow band of tissue 2 cm at its greatest width and becoming narrowed as it 
ascended until it was cordlike and measured about 0 5 cm at the junction with 
the pulmonary artery The free left margin of the pouch was sharply defined 
except for a distance of about 7 cm on the left inferior margin, where a flap 
of thin fibrous tissue, heavily laden with fat, was prolonged and lay free on the 
diaphragm Interiorly and posteriorly this flap was continuous with the pericardial 
sac The fibrous pericardium was normal, save for several marked prolonga- 
tions of fat-filled fibrous tissue which w'ere present on its anterior aspect The 
serous lining of the pouch w'as normal throughout 

Cameron leviewed only the literature on congenital pericardial 
defects In the discussion he mentioned that the fall, with positive 
evidences of injury still remaining at the time of death, may have caused 
the heart to rupture thiough a comparatively noimal pericardium He 
likewise considered the possibility of a lesion pai tly congenital and parti) 
traumatic, with enlargement of a congenital opening due to tiauma 
In conclusion he stated that the lack of other adhesions, and especially 
the free, rounded, fatty margin of the remaining pericardial folds, made 
It impossible to conclude that the defect was not congenital There was 
no mention of the location oi state of the phrenic nerves, so that this 
cannot be employed as evidence for or against either type of defect 
The readei will not fail to see certain points of similarity between this 
case and our extraordinaiy one If trauma w'as the cause of the peri- 
cardial lesion. Camel on’s case is even moie remaikable than ours with 
respect to the period of survival 

A point of parallelism between Allan’s case and ours is the well 
defined retraction of the divided pericardium Morel-Lavallee, Martin 
and Mazel, Doughty, Spitzmullei and possibly Reynier made similar 
observations Any one who has seen Beck’s excellent motion pictui es 
taken during opeiations on the heait can leadily understand the 
mechanism of pericardial letraction and cardiac extrusion, for the 
movements and contortions of the heait held in restraint are most 
vigorous and it requires no imagination to visualize how such an organ 
may easily work its way through even a comparatively small opening 
in the pericardium and even bring about the purse string eftect w^e have 
described 

28 Beck, C S Noble Wilev Jones Lectures of the University of Oregon 
Medical School, 1937 
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The fact that a number of patients haA e sui vived pei icardial rupture 
for an appreciable time confirms the already well known fact that the 
peiicardium is not an indispensible structure While in certain of the 
cases on record pericarditis was present, this has been clearly related 
to trauma and hemoirhage and not to pulmonar3J- infection According 
to Southworth and Stevenson,-® the spread of infection fiom the lungs 
or pleura to the exposed epicardium is the greatest single menace to the 
person with a congenitally defective peiicardium Our youngest subject 
escaped this complication either because of not having pneumonia 
between the date of the accident and the date of death oi because the 
heart was not laid bare by retraction of the pericardium 

Lavallee appears to have been the first to attempt to explain the 
mechanics of pericardial rupture It was his belief that when the heart 
and lungs are crushed against the vertebral column duimg an impact, 
tearing of the pericardium is produced by shearing or rubbing of the 
membrane against the bone Later Lavallee, in discussing another case, 
stated that rupture might be produced by vibration, but again mentioned 
friction as a possibility 

Much later Spitzmuller postulated that force applied to the bod), 
even if not directly on the chest, might be tiansmitted and pro- 
duce a pendulum-like swing of the heart of sufficient magnitude so that 
the impact of the organ against the pericardium might cause it to 
ruptuie It appears to us that an essential part of such a concept is 
the unwarranted assumption that the left bordei of the pericaidium 
IS weakei than othei paits of it 

Ceitain facts demonstrated by our own series of cases of pei icardial 
lupture as well as many of those reported in the literature are opposed 
to Spitzmuller’s theory First, it is hard to conceive of the possibility 
of any long sweeping motion of a stiucture so well stabilized against 
appreciable lateral motion by the short caval and pulmonary veins as 
the heart without laceration or actual rupture of one oi more of these 
structures While some of our patients displa}ed iiijuiy to the mtra- 
pericardial veins, we have not found it in the absence of fracture of the 
ribs in locations where damage by them offered the best explanation for 
injury of the vessels In such cases we have ascribed the pericardial 
rupture to the same cause Second, it is difficult to imagine that the 
heart, moving foi such a short distance as it would within a previously 
noimal pericardial sac, could attain enough momentum to lupture a 
relatively strong and fibrous sheath like the pericardium Third, this 
theory fails to explain the relatively frequent rupture of the right side 
of the pericaidium or of the anterior or posterior aspect Fourth, 
Spitzmuller failed to take into account the almost constantly present 

29 Southworth, H , and Stevenson, C S Congenital Defects of the Peri- 
cardium, Arch Int Med 61 *223 (Feb) 1938 
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evidences of injury to iibs oi the thoiacic ivall in situations indicatinj^ 
that the impact w’^as in an anteroposterioi direction, wherein a pendulum 
motion of the heait could scarcely he imagined Finally, in Spitzmuller’s 
own subject theie was hematoma beneath the pectoialis muscle, plainly 
indicating that trauma was applied diiectly to the chest and not, as he 
seems to have believed, indirect!} in such a mannei that the heart swung 
laterally in pendulum fashion with sufficient foice to tear the sac about it 
With only slight modification it appeals to us that the concept 
oiiginally stated by Lavallee and so convincingly proved by Beck " 
as opeiating in traumatic lupture of the heait itself will also apply to 
the pericaidium Even in the absence of perforation oi laceration of 
the pericardium due to fiacture of the sternum oi ribs, the following 
chain of events might logically be expected 1 Forcible compression 
of the thorax occurs with at least momentary springing of the iihs and 
lesultant defoimity of the bony cage 2 At the moment of maximum 
intensity of the externall} applied foice and its resultant compiession, 
the heart may be caught between the anteiioi thoracic wall and the spini 
posteriorly, as Lavallee and Beck have shown We feel, however, tiiat 
instead of rubbing or shearing the peiicardium, as Lavallee suggested 
although this may be the mechanism at times, it is more likel} that if 
the point of maximum intensity is bioad enough, the result may lie 
complete closuie of the peiicaidial space at one point If this happens 
to be over the heait itself, the oigan within the closed-oft' portion of 
the sac may act as a fluid mass under tension and with the rapidl} 
encroaching pressuie may produce a relatnely high mteinal expanding 
force within a fibious membiane generally admitted to be inelastic when 
quickly sti etched These are essentially the conditions existing in a bag 
filled with water and squeezed fiom the top At some point the pi assure 
thus applied is sufficient to ruptuie the fabric It is also compaiable to 
the manner in which ruptuie oi heiniation of the sheath of the biceps 
brachiahs muscle takes place The site of peiicaidial lupture depends 
on several factors, e g, the gieatest fiee area oi suiface on which the 
expanding pi assure is exeited, the dn action of the applied force (the 
point where the sac is closed off), the dii action from which the foice is 
applied and, finally, the side of the spine to which the heart is shifted or 
slides when it is compiessed Thus, if the force is directed to the right 
antei olateral aspect of the chest, the heait ^\ould tend to be caught on 
the right side of the veitebial column, and the hydrostatic pressure 
would be exerted on its light border, if luptuie took place, it ■\^ould 
be there In a similar mannei, ruptuie of the left side of the oigan 
could be brought about The greater fiequency of teais on the left 
side of the pericardium may be due to the fact that this is the largest 
free aiea and in this way possibly a site of weakness The concept 

30 Beck, C S Contusions of the Heart, JAMA 104 109 (Jan 12) 1935 
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advanced will also explain the reason mIi} most luptures occin on the 
side con esponding to the point of applied force 

We are acutely aware of the lole of fiactiire of the ribs or sternum 
in the production of wounds of the pericardium and apply this hypothesis 
only to those instances in which there are no concomitant fractures, to 
ruptuies of the pericardium in places wheie penetiation by the ends 
of the ribs could not explain the ruptuie or to tears which are not of the 
punctuie t 3 ^pe and not associated with wounds of the myocaidium Such 
instances, especially m immediately fatal injuries, are by no means infre- 
quent The patients in our series who displayed teaiing of the inferior 
vena ca\a, a finding that in oui opinion would almost of necessity 
accompany the “pendulum swing” of the heart postulated by Spitzmuller 
as a cause of pericardial laceration, showed fractuied ribs m situations 
that would leadily explain the damage sustained by the vena ca\a 

An apparent exception to the lule that direct tiauma of the chest 
may cause peiicaidial luptuie is Kelleit’s'^ case, concerning wdnch he 
offeis two possible explanations 

first, that the weight of the falling earth, which being soft and adaptable, 
caused equal pressure over the chest resulting in great compression and bursting 
of the heart, very much as though a rubber bag distended with fluid were com- 
pressed at Its middle To obtain such an effect without fracture of the sternum 
or nbs seems very unlikely The second and more probable explanation is that 
of hydraulic pressure The large quantity of sandy soil exerted such great 
pressure over the lower half of the bodj as to drive most of the blood out of the 
vessels This produced sudden over-distention of the heart, which was probably 
dilated as a result of physical exertion, with consequent rupture at several points 
That the force was a great one is indicated by the ruptured pericardium and 
hemorrhages in the lung 

Despite eveiy effoit to discover all pretious reports of pericaidial 
1 uptime It IS likely that some luptuies, particulaily m association with 
tiaumatic ruptuie of the heart and not indicated m the titles, have been 
ovei looked 

SUMMARY 

Tiaumatic ruptuie of the pericardium is not, as the literature indi- 
cates, a laie occuiience It is no doubt encounteied as frequently in 
eveiy senes of autopsies on persons d 3 ’'ing as a result of trauma as it 
has been in our series 

Common^, pericardial rupture is meiely one of many injuries and 
in most instances contiibutes little or nothing to the cause of death 
One ma 3 ^ rightty anticipate theiefore that few examples of long survival 
will ever be lecorded 

The pertinent data in 22 cases found among 4,107 consecutive and 
unselected cases studied at autopsy haie been tabulated and evaluated 
Among these. 1 case stands out conspicuously, not only in our group 
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but among all others on record, because of the fact that the child sui- 
vived for two and one-half years and, further, because of the singulai 
mechanism responsible for the sudden death This case is described 
in detail 

The views of others and ourselves as to the mechanical principles 
involved in the production of pericardial rupture are given 

Since previous writers, othei than Fischer (1868) and Schuster 
(1880), have not done so, we have attempted to collect and abstract 
all the literature on the subject The majority of the earlier reports 
were available to us only through the articles by Fischer and Schustei 
Including our 22 examples, the total number of reported cases now 
stands at 80 

Note — Since the acceptance of the present study there has come 
to our attention the monograph by Erik Warburg, entitled “Subacute 
and Chronic Pericardial and Myocaidial Lesions Due to Nonpenetrating 
Traumatic Injuries A Clinical Study” (translated by H Andersen 
and G Seidehn, London, Oxford University Press, 1938) 

A careful check of the text and bibliography of this excellent work 
fails to disclose additional instances of pericaidial rupture 

Of interest m connection with our singular case is Wai burg’s state- 
ment that even sudden and surprising death occuirmg a long time after 
the trauma may be of traumatic origin (page 89) 



EXPERIMENTAL RENAL INSUFFICIENCY PRODUCED 
BY PARTIAL NEPHRECTOMY 


XIII A SUMMARY OF THE EFFECT OF WHOLE LIVER, WHOLE 
MEAT, EXTRACTED LIVER AND EXTRACTED MEAT DIETS 
ON RENAL H\PERTROPHY, RENAL FUNCTION, BLOOD 
PRESSURE AND CARDIAC HYPERTROPHY 


ALFRED CHANUTIN, PhD 

AND 

STEPHAK LUDEWIG, PhD 

UNIVERSITY, VA 


The effect of diet on the function of the normal and the abnormal 
kidney has not been agieed on by expeiimental woikeis or clinicians 
Repoits from this laboratory have shown that lenal hypertrophy, lenal 
function, cardiac hypertrophy and blood piessure in intact and m 
partially nephrectomized rats aie affected by diets containing varying 
concentiations of whole meat, extracted meat, whole liver and extracted 
liver The purpose of this paper is to present a summary and com- 
parison of these results obtained with the various diets ’■ 

The experimental methods and the results have been presented m 
detail ® The whole and the water-extracted meat and liver wei e dried 
and incorporated in balanced expeiimental diets All animals chosen 


From the Laboratory of Physiological Chemistry, the University of Virginia 
This investigation was made possible by the Edward N Gibbs Prize Fund of 
the New York Academy of Medicine 


1 The diets are abbre\ lated as follows whole meat, M , extracted meat, EM , 
whole liver, L, and extracted liver, EL, the numbers following these letters desig- 


nate the percentage concentration of the respective materials in the diet The 


heirt \\ eight ^ jqq 
surface area ’ 


X 100, x lOO represent the weight 

surface area surface area 


of tissue per hundred square centimeters of surface area and are designated as 


. F and L- A.-, respectively The percentage of nitrogen in the respective 

O AX w J\ o A 

diets IS shown m table 1 


2 (a) Chanutin, A , and Ferris, E B , Jr Experimental Renal Insufficiency 
Produced by Partial Nephrectomy I Control Diets, Arch Int Med 49 767 
(May) 1932 (6) Chanutin, A III Diets Containing Whole Dried Liver, 
Liver Residue and Liver Extract, ibid 54 720 (Nov ) 1934 , (c) V Diets Con- 
taining Whole Dried Meat, ibid 58.60 (July) 1936 (d) Chanutin, A, and 

Ludewig, S XI Diets Containing Dried Extracted Liver, ibid 64 513 (Sept ) 
1939, (e) XII Diets Containing Dried Extracted Meat, ibid 64.526 (Sept) 1939 
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for these analyses were fed the experimental diets from a minimum 
of seventy-five to a maximum of one hundied and seventy-five days 


KIDNEY WEIGHT 

Intact Animals — The average kidney weight per hundred square 
centimeters of surface aiea foi intact rats is presented in table 2 It 
IS seen that the ^ ^ latios foi the rats fed the whole meat diets tend 
to be smallei than those for rats on the remaining diets at the respec- 


Table 1 — Poceiitage of Nttjogcn Content in the Rations 


Diet 

Nitrogen 

Diet 

Nitrogen 

Diet 

^lt^ogen 

Diet 

Nitrogen 

MIO 

1 7 

EM 10 

1 0 

ElO 

1 4 

EE 10 

1 5 

M20 

28 

EM 20 

3 1 

E20 

22 

EE 20 

29 

M40 

52 

EM 40 

55 

E 40 

44 

EE 40 

51 



EM 60 

84 

E CO 

62 

EE 00 

72 

MSO 

10 0 

EJI 80 

11 1 

ESO 

82 

EE 80 

96 


Table 2 — The Effect of Diet on the Kidnev Weight pci Hundied Squaic Ccnh- 
incters of Suifacc Aiea of Intact and of Paitially Ncphi cctomizcd Rats* 


A'vernKC Kidnej Weight, Mg 

JL 



Protein Component, % Diet M 

Diet EM 

Diet E 

Diet EE 


Intact Rats 




10 

353 (1 0) 

410 (1 0) 

362 (1 0) 

390 (1 0) 

20 

420 (1 19) 

441 (1 00) 

388 (1 07) 

413 (1 OC) 

40 

442 (1 23) 

491 (1 18) 

495 (1 37) 

450 (1 15) 

00 


525 (1 26) 

49S (1 38) 

520 (1 33) 

80 

500 (1 40) 

62'. (1 50) 

604 (1 67) 

535 (1 37) 


Partialh Nephrcctombcd Rats 



10 

182 (1 00) 

229 (1 00) 

ICO (1 00) 

222 (1 00) 

20 

245 (1 S'>) 

311 (1 30) 

266 (1 CO) 

304 (1 37) 

40 

318 (1 68) 

385 (1 68) 

438 (2 6-1) 

388 (1 75) 

60 


433 (1 89) 

459 (2 76) 

510 (2 30) 

SO 

410 (2 26) 

547 (2 39) 

537 (3 24) 

532 (2 40) 


* The figures In parentheses represent the relntire Increases In Lidnej weight when the 
10 per eent protein component is considered as i 0 


tive levels of protein ingestion It is also seen that there is a pro- 
gressive increase m the size of all kidneys with increasing concentration 
of protein, but that the kidney weight per unit of the protein com- 
ponent IS different for each dietary group An analysis of renal hyper- 
trophy on the basis of the nitrogen content of the diet yields similar 
results Since the total solids of the kidneys of intact animals are found 
to be constant, the hypertiophy changes lepiesent increases in kidney 
tissue 

Paitially Neplu ectomized Animals — The values in table 2 for the 
partially nephrectomized rats show a piogressive increase in the wet 
weight of the kidney stumps per unit of surface aiea with increasing 
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increments of protein in the diet These \alues are not representatn 
of true renal hypertrophy, owing to the A\ide -variation in \vater con- 
tent The dried kidney weights available for the animals fed the Eil 
and the EL diet, however, indicate that the proportionate increases m 
the4-¥- ratios for the wet kidney weights are approximately coirect 
It IS noted that the greatest range m values was obtained for the animals 
fed the whole liver diets 

If the average ratios for the intact and for the paitiall} 

nephiectoniized rats on the diets containing 10 per cent protein is 
considered as 1, the comparative inci eases in renal hypei trophy can be 
obtained It is seen that the ratios for animals fed the M, the EM and 
the EL diet are quite similar This is sui prising m view of the rather 
wide differences in the absolute values of the respective i alios 

Since there is a compaiatively marked increase in the ratios of the 
animals fed whole liver diets, it follows that increasing amounts of 
w^ater-soluble liver exti actives affect the degiee of renal hypertioph} 
markedly It is difficult to estimate by either morphologic or func- 
tional studies how^ much of the hypei trophic substance m the kidney 
stump is due to inactive connective oi degeneiated tissue 

RENAL FUNCTION 

ConcenfiaHon Test — Intact Animals The uiinai} volumes and 
specific gravities of the intact animals w'eie not affected by the differ- 
ent diets Low^ urinary volumes and high specific giavities w^ere 
obtained consistently 

Paitially Nephiectomized Animals The average values foi urinaiy 
volumes, specific gravities and protemuiia for the rats fed the M, the 
EM and the L diet are summarized in table 3 These average values 
are pi esented to show the genei al ti end of the effects of diets, although 
the iiidmdual variations are too large to attempt a statistical analysis 
In general, a maximum mciease m urinar}’- volume and proteinuria and 
a maximum decrease for specific giavity was reached wuth each diet 
wdien the concentration of the piotein component reached 40 per cent 
The more concentrated protein diets caused negligible additional changes 

Uiea Ratio — Intact Animals The average values for the urea 
latio X 100) of intact rats on the whole meat, the 

exti acted meat and the exti acted liver diets are summarized in table 4 
There is a progressive increase m the \alues for the urea ratios wuth 
an increase m the amount of protein ingested with the exception of 
those foi the group fed the EL 80 diet The low’’ value for this group 
may ‘indicate renal damage Furtheimore, the urea ratios at the 
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respective levels of protein ingestion are quite similar, indicating that 
the type of protein is not an important factoi in determining the degree 
of clearance 

The urea clearance per giam of kidne}'^ is given by the— 
ratio and thus eliminates the factoi of renal hypei trophy The average 
values for these ratios are unusually constant for piactically all diets 


Table 3 — Effect of Diet on the Avetage Values of Unnaiy Volume, Specific 
Gtavity and Piotcin Excictwn Dtiiing a Conccntiation Test on 
Intact and on Paihally Ncpln cctomtccd Rats 



Protein Goinponent, % Diet J1 

Volume of Urine (Cc ) 

Diet LM 

Diet Xt 

10 

4 C (2 0) 

3 S (1 9) 

3 5 (1 4) 

20 

S 0 (2 7) 

9 5 (31) 

0 5 (2 9) 

10 

12 4 (3 1) 

13 3 (2 0) 

13 3 (3 1) 

60 


11 3 (2 0) 

110(2 4) 

so 

11 7 (2 6) 10 7 (2 S) 

Siitcifie Gravitj (Correcteil) 

12 6 (2 6) 

10 

1 02S0 (1 0433) 

1 02=0 (1 0-)00) 

1 0340 (1 0495) 

20 

1 0247 (1 019J) 

1 0242 (1 04S0) 

1 0326 (1 0532) 

40 

1 0207 (1 0313) 

1 0197 (1 0601) 

1 0207 (1 0324) 

60 


1 0210 (1 039S) 

1 0243 (1 0522) 

SO 

1 0209 (1 0310) 
triuan Protein (Jig ) 

1 0-207 (1 0301) 

1 0211 (1 0361) 

10 

29 

33 

15 

20 

83 

96 

116 

40 

133 

111 

128 

60 


103 

119 

80 

142 

99 

74 

* 'lliL figures m pnrontticsos represent nitruge e iilue*. : 

[or int iLt lilts 



Table 4 

— Effect of Diet on the Avetage Valua of the Uira 

Ratios in 

Intact Rats 


Protein Component, % 

Diet 31 

Diet I'M 

Diet UL 

10 


30 

47 

44 

20 


60 

38 

’>’> 

40 


62 

60 

60 

60 



64 

6S 

80 


66 

71 

58 


(table 5) It is seen that 11 of the 14 aATiage A^alues are ■within a 
range of 36 to 38 The values foi the animals fed the EL 80 and the 
EM 80 diets are lower 

It has been demonstrated that renal hypertrophy and the urea ratio 
are geneially increased following the ingestion of diets high in piotein 
The direct relation between the size of the kidneys and their function 
m the intact animal is demonstrated by the constancy of the- -L T^L - r 2i '° 

kidnev u eight 

ratio This is a rather remarkable finding in A'^iew of the wide variety 
of diets fed these animals There is no direct evidence available for 
explaining the low ratios obtained foi the animals receiving the EM 80 
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and the EL 80 diet In view of the facts presented, it must be assumed 
that an increase m renal activity due to excietion of metabolites is 
accompanied by an increase in the size of the kidneys and in lenal 
function in the intact animals These changes, however, do not affect 
the volume or the specific gravity of the urine collected during a con- 
centration test 

Partially Nephrectomized Animals The percentage incidence of 
the urea ratio values at different levels is presented in table 6 Ratios 
about 30 are considered to be within the normal range, and renal 
insufficiency becomes progi essively greater with the loner ratios It 

Table 5 — Effect of Diet on the Avetage Values of the Ratios 

‘ Kidney IVaqht 

m Intact Rats 



Protein Component, % 

Diet M 

Diet EM 

Diet EL 

10 


3C 

CG 

39 

20 


37 

37 

3S 

40 


30 

37 

3S 

CO 



37 

SS 

SO 


^'8 

32 

33 


Table 6 

— Effect of Diet on the Pctcentage Distubution of the 
of Paitially Nephi ectomizcd Rats 

Ui ca 

Ratios 






Uren R^tlo Range 





Abo\ c 30 
Diet 




3015 

Diet 



13-0 

Diet 



5*0 

Diet 


Pi otcin Components, % M 

EM 

EL 

M 

EM 

EL 

51 

r5i 

EL ’ 

t ' 

AI 

EM 

> 

rL 

10 

3 

2 

0 

5S 

43 

21 

39 

19 

76 

0 

C 

3 

20 

0 

0 

0 

42 

21 

43 

55 

71 

48 

3 

8 

9 

40 

0 

0 

0 

11 

11 

25 

68 

70 

C3 

21 

19 

12 

60 


0 

0 


30 

34 


CO 

59 


10 

7 

80 

0 

2 

0 

27 

29 

52 

60 

C9 

42 

13 

0 

6 


IS seen that few partially nephrectomized animals have normal lenal 
function The greatest incidence of marked renal insufficiency, as 
judged by the percentage of animals with ratios below 15, nas noted in 
the groups fed diets containing 40 per cent protein The results of 
the concentiation test appear to confiim the obseivations obtained with 
the urea clearance tests 

The accompanying chart illustrates the i elation between the urea 
latio and the concentrations of blood urea with the different diets For 
a given uiea ratio, the concentration of the blood urea is lo^\est for the 
gioup ingesting whole meat The values are higher for the animals 
fed the extracted meat and the liver diets They increase rapidly with 
an increase of piotem content in the diet at an} given ratio, except for 
an unexplained definite decrease in this relation in the group recen mg 
the EL 80 diet 
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BLOOD PRESSURE AKD HEART WEIGHT 

Intact Animals — The blood pleasures of the intact animals were 
quite constant, and the majority were between 120 and 130 mm of 
mercury The ratios were found to be variable, but the majorit) 
remained within a limited range 

Pait'ially N epln ectonnzed Animals — ^The effect of diet on the 
percentage distubution of blood pleasures at selected levels is shown 
m table 7 The group of rats on the diets of extracted meat had the 
greatest incidence of hypertension (above 160 mm ) It is difficult 
to explain the difference between the animals on the M 10 and the 


UREA RATIO 

-o o— _ — o • •— — • 

2 5 5 10 20 



ooo o ooooo ooooo 

— rvj-jf 00 — — rvjTjtDco 


M EM EL 

Relation between urea ratio and concentrations of blood urea 

EM 10 diet, since the incidence of hypertension was 14 and 52 per cent, 
respectively The difference m these two diets is in the small amount 
of water-soluble extractives It is striking that there is such a marked 
difference in the percentage incidence of hypertensive animals m the 
group fed the M and the EM diet and the groups fed the L and the EL 
diet at the 80 per cent protein level The type and amount of protein 
in the diet unquestionably exerts a definite effect on blood pressure 

The correlation coefficients foi the ^ ^ ratios and blood pressures 
are summarized m table 8 It is noted that the highest degree of cor- 
relation was uniformly obtained with diets containing 10 per cent 
protein Of the v'alues for the 19 diets, those for only 3 (EM 60, 
EM 80 and L 60) show a lack of correlation A further anatysis 
undertaken to determine the con elation coefficients for each diet gave 
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the following values whole meat, 0 61 rfc 0 034, extracted meat, 
0 57 ±i0 020 , whole liver, 0 67 dz 0 03, and extracted liver, 0 73 rfc 0 02 
These data demonstrate that there is a substantial or marked relation 
between the degree of hypei tension and the degree of cardiac hjpei- 
trophy 

The Value of the 7LJIL pa Unit of Blood Pi essw e — In order to 
judge the efficiency of heart muscle, the milligrams of heart per hun- 
dred square centimeters of surface area were calculated foi each 1 0 mm 
of mercury blood piessure according to the formula 

Table 7 — Influence of Diet on the Peiceniage Dtstnbulion of iJie Blood 

Piessuies at Different Levels 


Blood Pressure Range 


100 140 Mm 140-160 Mm Above ICO Mm 

Diet Diet Diet 

> , « , , « 


Protein Component, 

% M 

PM 

L 

EL 

M 

EM 

L 

EL 

M 

EM 

L 

EL 

10 

49 

29 

00 

ol 

37 

19 

22 

22 

14 

52 

18 

27 

20 

47 

30 

40 

22 

26 

24 

30 

27 

27 

51 

30 

51 

40 

24 

16 

32 

46 

37 

29 

32 

26 

39 

30 

36 

23 

60 


17 

33 

23 


36 

33 

42 


47 

29 

30 

SO 

31 

20 

33 

49 

34 

33 

SO 

39 

35 

37 

17 

12 


Table 8 — Con elation Coefficients and Probable Eirors Between . Jf —J F .. . Ratio 

S A 

and Blood Pressine of Partially Nephrcctomized Rats 


EL 

10 

0 

76 

*4* 

0 04 

EM 

10 

0 07 


0 05 

M 

10 

0 

73 


0 

049 

L 

10 

0 

89 

± 

0 029 

EL 

20 

0 

49 

± 

0 03 

EM 

20 

0 52 

± 

0 06 

M 

20 

0 

68 


0 

056 

L 

20 

0 

67 

dr 

0 033 

EL 

40 

0 

59 

± 

006 

EM 

40 

0 00 

dt 

0 06 

M 

40 

0 

42 


0 

085 

L 

40 

0 

41 

± 

on 

EL 

60 

0 

44 

dt 

003 

EM 

60 

014 


OlO 








L 

00 

0 

17 

± 

on 

EL 

80 

0 

49 


0 09 

EM 

SO 

033 

± 

0 07 

M 

80 

0 

61 

■± 

0 

086 

L 

80 

0 

66 


0105 


The average data for the intact and for the partially nephrectomized 
rats are presented in table 9 It is evident that heart weights of both 
the intact and the partially nephrectomized rats were affected Since 
the blood pressures of intact rats remained fairly constant regardless 
of diet, the differences m the heart weight per unit of blood pressure 
must be related to the dietary regimen The average values for each 
group of animals were not affected by the concentration of protein fed 
It IS seen that the ratios for both the intact and the partially nephrec- 
tomized animals fed the EM and the EL diet are definitely smaller 
than those for the animals fed the M and the L diet A statistical 
analysis was made to determine if there was a significant difference 
between the average values for intact and for partially nephrectomized 
rats on the same diet, positive differences vere obtained for 13 of 
the 19 diets 
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Despite the differences in the distribution of hypertensive animals 
in the various groups, hypertension appears to have practically no effect 
on the average ratios. Furthermore, a study of the ratios of individual 
animals indicates that the degiee of hypertension does not necessarily 
determine the deci eased values obtained for partially nephrectomized 
animals It would seem that renal insufficiency per se influences the 
amount of cardiac tissue pei unit of blood pressure 


summary 

Diets containing protein components varying from 10 to 80 per 
cent of whole meat, exti acted meat, whole livei and extracted liver. 


Table 9 — Influence of Diet on the MtUujiams of Ilcait pci Hundicd Squat e 
Ccntnnctcis of Stnfacc Atca foi each 1 Mm of Blood Ptcsstiie 


Diet 

Intact Rats 

Partiallj Jicplircc 
tombed Rats 

EM 10 

1 2') -4- 0 022 

1 21 + 0 020 

EM 20 

111^0 020 

1 21 + 0 022 

EM 40 

1 27 -4- 0 019 

1 IG + OOIS 

EM GO 

1 24 -4- 0 018 

1 11 + 0 028 

EM 80 

1 31 ±0 019 

1 17 + 0 017 

Aicnto 

1 28 

1 17 

ELIO 

1 27 ±0 011 

1 20 ± 0 023 

EL 20 

1 OS -4- 0 019 

1 27 ± 0 024 

EL 40 

1 34 -4- 0 022 

1 22 + 0 OIS 

EL CO 

1 33 -4- 0 OIS 

1 19 + 0 025 

EL SO 

1 20 ± 0 018 

1 13 ± 0 022 

orate 

1 31 

1 22 

MlO 

1 43 + 0 015 

1 34 + 0 020 

M20 

1 48 + 0 031 

1 33 + 0 02G 

M 40 

1 42 + 0 03<) 

1 27 + 0 02.5 

MSO 

1 39 ± 0 033 

1 29 + 0 041 

erage 

1 43 

1 31 

LIO 

1 45 + 0 0)3 

1 42 + 0 027 

L20 

1 CO + 0 047 

1 38 + 0 037 

L40 

1 58 + 0 041 

1 40 + 0 043 

LGO 

1 59 + 0 057 

1 41 +0041 

LSO 

1 50 + 0 047 

1 37 + 0 033 

crape 

1 54 

1 39 


respectively, have been fed for periods of from seventy-flve to one 
hundred and seventy-five days to intact and to partially nephrectomized 
rats The effect of these diets on renal hypeitiophy, renal function, blood 
pressuie and caidiac h)fpertiophy has been studied with reference to 
the amount and type of the protein component in the diet 

In the intact rat each increment of the piotein component generall}'^ 
caused a piogressive renal hypertrophy and an inciease in the uiea 
clearance Variations in the protein content did not affect the volume 
or specific gravity of the mine obtained during a concentration test 
with a twenty-four hour specimen The blood piessures and the size 
of the hearts were not appreciably affected by augmenting the piotein 
components The mam effect of the type of piotein component was 
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manifested by the larger amount of heart muscle per unit of surface 
area required to maintain a gnen blood pressuie m the animals on 
the \\hole meat and the whole Iner diets 

In the partially nephrectomized animals the effect of increasing the 
protein component of the diet on renal h}pertrophy was similar to that 
m the intact animals Urinary volumes, piotemuria. h\ posthenuria 
and a decrease m urea clearance were piogressive with protein incre- 
ments of fiom 10 to 40 per cent, but further increments caused no 
fuither constant effect on the measuie of renal function The t 3 pe 
of the protein component appeared to influence the incidence of hyper- 
tensive rats, paiticularly in the group fed the exti acted meat diets The 
values foi the heart w^eight per unit of surface area for a gnen blood 
pressuie w'ere significantly smallei for the partially nephrectomized rats 
than for the intact rats on the same diet 

CON'CLUSIOXS 

It appears from these experiments that the concentration of the 
protein m the diet has a greater effect on the function of the normal and 
the abnormal kidney than the type of the protein component 



EXPERIMENTAL RENAL INSUFFICIENCY PRO- 
DUCED BY PARTIAL NEPHRECTOMY 


XIV DIETS CONTAINING WHOLE DRIED YEAST 
ALFRED CHANUTIN, PhD 

AND 

STEPHAN LUDEWIG, PhD 

UNIVERSITY, VA 

Numerous workers^ have lepoited that the administ.ation of yeast 
extracts to white rats is eftective in preventing renal h} pertrophy caused 
by excessive ingestion of protein There are no data showing the pos- 
sible relation between the size and the function of the kidneys under 
such conditions This investigation was undertaken to study the effect 
of feeding diets containing rarying concentrations of dried yeast on 
renal hyperti ophy, renal function and blood pressure in intact and in 
partially nephrectoinized rats 

EXPERIMENTAL METHODS 

The details of the procedures for the care of the animals and for determining 
the blood pressure and renal function have been presented in previous papers = 
Eighty to 90 per cent of the total kidney tissue was removed bj a two stage 
operation from the partially nephrectomized rats 

Five experimental diets were used and were designated as Y 20, Y 30, Y 40, 
Y 60 and Y 80 according to the percentage of dried yeast which they contained 
The composition of the diets is shown in table 1 The experimental period lasted 
for about one hundred days with a maximum and minimum of one hundred and 
eight and ninety-five days, respectively 

The ratio of the weight of the heart and kidneys to surface area is expressed bv 

and ^ Y - , respectively The surface area was calculated from the weight of 
o A S A 

the animal by the formula of Lee ^ 

The dried yeast was contributed by Standard Brands, Inc 

From the Laboratory of Physiological Chemistry, the University of Virginia 

This work was aided by a grant from the Penrose Fund of the American 
Philosophical Society 

1 Longvvell, B B , Johnston, R P, and Hill, R M J Nutrition 12 155, 

1936 

2 Chanutin, A , and Ludewig, S Experimental Renal Insufficiency Produced 
by Partial Nephrectomy V Diets Containing Whole Dried Meat, Arch Int 
Med 58 60 (July) 1936 

3 Lee, MO Am J Phvsiol 89 24, 1929 
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EXPERIMENTAL RESULTS AND ANALYSIS OF OBSERVXTIONS 

Conti ols — A summary of results, including surface aiea, blood 
pressure, and ratios, total solids of the kidnejs, urea ratio 

and ratio, respectively, for intact rats is presented in table 2 

The individual and mean values for blood pressuie aie gieatest 
for the group receiving the Y 20 diet and least for the group receiving 
the Y 80 diet The values for the lats leceivmg the Y 30, the Y 40 
and the Y 60 diet are fairly constant Of the 69 blood piessure values, 
2 are above 150 mm and 3 above 140 mm of meicury With these 
few exceptions, the yeast diets exerted no significant influence on the 
blood pressure of intact rats 

The latios for the group fed the Y 20 diet are slightly gieatei 

S A 

than those foi the remaining gioups The relation lietween blood 
Table 1 — Composthon of Evpcmnental Diets 


Concentration of Component in Diet, Percentage 


A.._ .. 






Cod Liver 

Salt 

Nitrogen 

Diet 

Yeast 

Starch 

Lard 

Oil 

Ml'cture* 

Content 

T20 

20 

o4 

17 

5 

4 

19 

YSO 

30 

44 

IT 

5 

4 

25 

Y40 

40 

34 

17 

5 

4 

33 

Y60 

60 

14 

17 

5 

4 

47 

YSO 

SO 

5 

6 

5 

4 

60 

* Osliorno and Mendel - 

pressure and - is 

o A 

extremely constant 

for 

all the 

control 

animals 


The mean values for g ^ ■ ratios are constant for the rats fed the 
Y 20, the Y 30 and the Y 40 diet, which indicates failure of the kid- 
neys to hypertiophy with increased ingestion of protein Theie was, 
however, an appreciable renal hypertrophy in the animals fed the Y 60 
and the Y 80 diet These relations are presented more accurately in 
chart 1, m which the individual values of ^^^dne> eight shown 

surface area 

The individual values for the urea ratios vary markedly and depend 
on the kidney weight This is showm by the constanc} of the 
ratios, which average 36, 35, 41, 40 and 36 for the respective yeast diets, 
beginning with the Y 20 

Paitially Neph ectonused Rats — ^The efifects of the Y 20, the Y 30, 
the Y 40 and the Y 60 diet on partially nephrectomized rats are shown 





Table 2 — Observations on Conti ol Animals Fed a Inanely of Diets 
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YSO Maximum 1 ^-, ^q| n 2 0 1S2 0GJ3 2.">G 101 

Average 103 W, 111 + 20 01G2 + 0 001 OlGl+0020 210 70+11 

Rats 13 13 13 13 13 13 10 
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m tables 3 to 6, lespectively Charts 2 to 6 ^^ere prepared fiom these 
tables to facilitate compansoos of the effect of difterent diets on the 
blood pressure, kidney weight and renal function Owing to the lack 
of sufficient yeast, the Y 80 diet was not fed to the paitially nephrec- 
tomized animals 

Blood Pressuie The outstanding effect on blood piessuie ^^as 
found to be the definite increase of hypertensive animals in the gioup 
leceiving the Y 60 diet The animals receiving the lemaining diets 
showed only slight changes in the percentage distribution of blood 
pressuies (chait 2) 



INTACT RATS 

Chart 1 — Effect of diet on the solids of the kidne\s per hundred square centi- 
meters of surface area in intact rats 

It has been well established that theie is a fairly substantial relation 
between the - g ratio and the height of blood piessure of partiall} 
nephi ectomized rats The correlation coefficients and piobable eirors 
as calculated for paitially iiephrectomized rats fed yeast diets follow 

Y 20, 0 66 ± 0 058, Y 30, 0 46 dz 0 113 , Y 40, 0 64 ±: 0 072, and 

Y 60, 0 65 ±: 0 076 These results indicate that there is a substantial 
or marked i elation between caidiac hypertiophy and blood pressuie 

Kidneys The individual values for the ratios are 

presented in chart 3 There is a progress^ e increase in the mean weight 
of the dried kidneys per hundred square centimeters as follows Y 20, 




Table 3 — Obscivaiions on Paritally Nephrectomiced Anunals Receiving a Diet 
Containing 20 per Cent Ditcd Yeast 



Dura- 
tion of 
Experi 
ment, 

Surface 

Area, 

Sq Cm 

Blood 

Pressure, 

Heart 

Height 

Surface 

Area 

Kidney 

Weight 

Surface 

Area 

'lotal 
Solids 
of Eld 

Urea 

Eat 

Days 

Mm 

X 100 

X 100 

ncys, % 

Eatlo 

1 

95 

291 

170 

0199 

0198 

20 S 

13 

2 

95 

232 

210 

0 232 

0 175 

21 2 

8 

3 

95 

270 

100 

0 221 

0132 

20 8 

12 

i 

95 

2SG 

1 !G 

0 189 

0 201 

21 0 

29 

5 

95 

233 

134 

0170 

0 183 

17 5 

9 

G 

93 

234 


0 203 

0195 

22 4 

15 

7 

95 

203 

1!4 

0 183 

0 201 

24 0 

24 

s 

95 

289 

130 

0 189 

0 207 

239 

23 

9 

95 

232 

210 

0 220 

0142 

101 

7 

10 

93 

822 

134 

0180 

0 213 

20 2 

23 

11 

95 

233 

138 

0171 

0 200 

20 2 

14 

12 

93 

280 

130 

0 119 

0 178 

24 4 

34 

U 

95 

234 

138 

0187 

0191 

oo 4 

22 

U 

95 

270 

144 

0199 

0192 

24 3 

10 

13 

93 

228 

130 

0134 

0178 

24 8 

17 

10 

93 

270 

194 

0 203 

0 194 

23 4 

19 

17 

05 

203 

100 

0193 

0178 

23 8 

22 

IS 

95 

244 

170 

0 211 

0164 

21 S 

11 

19 

95 

234 

118 

0195 

0189 

201 

7 

20 

93 

272 

1 10 

0172 

0 104 

24 0 

20 

21 

99 

304 

130 

0191 

0 204 

IS 9 


22 

99 

314 


0 218 

0 242 

no 7 

9 

2J 

99 

283 

148 

0 190 

0 244 

21 0 

9 

24 

99 

324 

134 

0 193 

0 2!0 

22 0 

OO 

23 

99 

343 

132 

0 192 

0 214 

22 0 

24 

20 

99 

269 

1J6 

0 173 

0 102 

21 S 

10 

27 

09 

297 

140 

0 173 

0 211 

20 3 

28 

99 

303 

144 

0 102 

0 184 

O'? 0 


29 

99 

320 

140 

0170 

0 200 

22 0 

IS 

30 

99 

299 

134 

0187 

0 205 

04 o 

31 

99 

293 

193 

0190 

0 232 

20 0 

12 

32 

09 

272 

134 

0172 

0 18S 

231 

14 

33 

103 

293 

148 

0183 

0132 

21 0 

13 

34 

103 

310 

130 

0 233 

0 223 

24 0 

24 

33 

103 

220 

132 

0130 

0140 

0 \ 0 

30 

105 

230 

210 

0 241 

0 223 

19 0 

9 

37 

103 

231 

190 

0194 

0103 

21 4 

12 

38 

103 

2S9 

120 

0103 

0178 

24 0 

no 

39 

105 

300 

144 

0173 

0107 

23 8 

35 

40 

103 

230 

100 

0183 

0 208 

10 2 

8 

41 

105 

233 

128 

0170 

0 133 

O’! 0 

21 

42 

103 

234 

130 

0180 

0181 

21 4 

OO 

43 

103 

302 

132 

0 217 

0 229 

23 0 

12 

44 

103 

203 


0179 

0 130 

21 0 



Tabic 4 — Obscivatwns on Paitiallv Ncpht cctomiacd Animals Rcccizing a Diet 
Containing 30 per Cent Dticd Vcail 






Heart 

Kidnt' 




Dura- 



Hiitlit 

Wdnlit 




tioii of 





’lotal 



1 \ptri 

Surface 

Blood 

Surface 

Surface 

Solids 



iiicnt, 

Area, 

Pressure, 

\nu 

Area 

of Kid 

Urea 

Rat 

Dajs 

Sq Cm 

Min 

X 100 

X 100 

ncys, % 

Ratio 

1 

90 

343 

128 

0181 

0101 

23 4 

25 

2 

00 

289 

ISO 

0 133 

0 282 

15 5 

5 

3 

90 

328 

200 

0 243 

0 178 

19 0 

8 

4 

90 

200 


0193 

0192 

22 3 

IS 

5 

no 

208 


Old 

0170 

09 7 

20 

0 

90 

330 

150 

0187 

0180 

17 8 

01 

7 

90 

380 

138 

0183 

0 222 

23 4 


8 

98 

234 

100 

0157 

0 202 

23 2 

22 

9 

98 

278 

123 

0171 

0 205 

9.‘> 7 

23 

10 

98 

348 

142 

0170 

0 227 

04 0 

27 

11 

98 

328 

130 

0175 

0 214 

21 0 

19 

12 

98 

308 

200 

0 218 

0 254 

17 4 

11 

13 

93 

348 

148 

0170 

0 243 

20 8 

13 

14 

98 

310 

108 

0 244 

0 242 

20 0 

23 

15 

98 

370 

108 

0 214 

0 310 

18 9 

12 

10 

98 

307 

132 

0173 

0 215 

19 8 

12 

17 

98 

300 

184 

0 280 

0 280 

10 5 


IS 

98 

297 

124 

0 203 

0 240 

21 0 


19 

102 

300 

104 

0190 

0 190 

22 7 

20 

20 

102 

334 

170 

0181 

0192 

21 4 

16 

51 

102 

306 

150 

0173 

0 215 

20 3 

33 

22 

102 

412 

146 

0174 

0 211 

21 0 

15 

23 

102 

205 

190 

0192 

0 204 

24 3 

10 
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Table 5 —Obscivations on Partially Ncphi cciomizcd Annuals Receiving a Diet 
Containing 40 per Cent Diicd Yeast 



— 



Heart 

Kidney 




Dura- 



Meitht 

VTeiEht 




tion of 





Total 



RNperi 

Surface 

Blood 

Surface 

Surface 

Solids 



ment, 

Area, 

Pressure, 

Area 

4rea 

of Kid 

Urea 

Rat 

Days 

Sq Cm 

Mm 

y 100 

y 100 

ncjs.So 

Ratio 

1 

97 

297 

130 

0 171 

0 233 

24 0 

32 

0 

97 

2SC 

118 

0105 

0 229 

22 0 


o 

97 

205 

134 

0 190 

0 224 

19 0 

IS 

4 

97 

345 


0 248 

0 301 

10 S 

10 


97 

302 

154 

0187 

0 240 

18 4 

14 

C 

97 

374 

122 

0171 

0 222 

23 0 

2.5 


97 

420 

130 

0194 

0 294 

22 4 

20 

8 

97 

370 

152 

0180 

0 249 

20 9 

12 

9 

102 

308 

190 

0 209 

0 3SG 

15 9 

10 

10 

102 

3S3 

158 

OIOS 

0 342 

ISl 

20 

11 

102 

299 

164 

0177 

0 274 

18 7 

23 

12 

102 

823 

154 

0187 

0 279 

18 4 

21 

13 

102 

280 

150 

0 201 

0 293 

18 9 

12 

14 

102 

379 

13S 

0173 

0 300 

18 9 

10 

15 

102 

370 

194 

0 203 

0 378 

15 0 


1C 

102 

372 

ISO 

0 214 

0 300 

10 7 

12 

17 

102 

300 

214 

0 232 

0 379 

14 8 

9 

18 

103 

278 

128 

0 154 

0 201 

22 2 


19 

103 

291 

158 

0181 




20 

1C3 

274 


0153 

0 232 

22 0 


21 

103 

205 

114 

0153 

0 231 

21 4 


22 

103 

2S0 

130 

0148 

0 208 

2T 2 


23 

103 

205 

154 

0104 

0 208 

22 7 


24 

103 

272 

152 

0178 

0 237 

20 5 


2.1 

103 

297 

150 

0 177 

0 249 

2? S 

34 

20 

107 

339 

150 

0 210 

0 322 

10 5 


27 

107 




0 250 

20 2 

20 

28 

107 

301 

140 

0 101 

0 232 

23 2 

14 

29 

107 

339 

180 

0173 

0 202 

19 3 

11 

30 

107 

330 

100 

0 213 

0 310 

19 9 

14 

31 

107 

345 

142 

0102 

0 2.57 

24 2 

17 

82 

107 

330 



0 247 

18 7 


33 

107 

354 

100 

0 224 

0 200 

10 9 

0 

34 

107 

310 

174 

0 200 

0 202 

22 4 

3 

Table 6 

— Obset 

vations on 

Paitially Neplii cctoin, 

laed Animals Receiving 

a Diet 


Containing 60 per Cent Di icd Yeast 



Dura- 
tion of 
Ei.peri 
ment, 

Surface 

Area, 

Blood 

Pressure, 

Heart 

Weitlit 

Surface 

Area 

Kidney 

Weight 

Surface 

Area 

lotal 
Solids 
of Kid 

Urea 

Rat 

Days 

Sq Cm 

Mm 

y 100 

y ICO 

nejs, % 

Ratio 

1 

97 

308 

144 

0187 

0 304 

22 0 

10 

2 

97 

307 

150 

0181 

0 354 

18 2 

12 

3 

97 

292 

170 

0 216 

0 292 

17 5 

10 

4 

97 

295 

170 

0 207 

0 eilo 

10 4 

11 

5 

97 

341 

176 

0 212 

0 440 

10 4 

15 

0 

97 

334 

140 

0183 

0 382 

10 9 

10 

7 

97 

807 


0191 

0 478 

14 3 

9 

8 

97 

810 

174 

0181 

0 247 

10 0 


9 

97 

oOS 

214 

0 220 

0 307 

15 9 

10 

10 

97 

302 

206 

0 218 

0 335 

14 9 

15 

11 

97 

348 

120 

0103 

0 314 

20 7 

9 

12 

97 

328 

100 

0174 

0 320 

17 2 

17 

13 

97 

291 

212 

0 230 

0 339 

12 7 

5 

14 

97 

320 

ISO 

0 201 

0 507 

13 4 

9 

15 

97 

299 

148 

0 253 

0 321 

16 4 


10 

104 

318 

166 

0198 

0 320 

19 2 

13 

17 

104 

322 

210 

0 256 

0 2SS 

15 3 

11 

IS 

104 

SIC 

138 

0 218 

0 340 

15 5 

9 

19 

104 

324 

ISO 

0 202 

0 328 

17 4 

12 

20 

104 

300 

182 

0 200 

0 325 

10 2 

9 

21 

104 

856 

186 

0 225 

0 440 

15 0 

9 

22 

104 

280 

166 

0 234 

0 354 

13 7 

C 

23 

104 

SCO 

132 

0183 

0 392 

17 5 

IS 

24 

104 

340 


0196 

0 312 

20 0 

20 

25 

104 

250 

210 

0 231 

0 485 

12 4 

9 

20 

104 

S30 

142 

0109 

0 352 

20 2 

13 

27 

104 

339 

146 

0183 

0 394 

171 

11 

28 

104 

839 

138 

0177 

0 294 

20 3 

15 
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ABOVE 

□ m ODD ■ 
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Y20 

(41) 


I 


Y40 

(30) 


Chart 2 — Effect of diet on the blood prcssuic of partiallj nephrectomized rats 
The figures in parentheses in this and m similar charts indicate the number of 
animals 



PARTIALLY NEPHRECTOMIZED RATS 


Chart 3 — Effect of diet on the solids of the kidnej's per hundred square centi- 
meters of surface area m partially nephrectomized rats 
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42 mg , Y 30, 45 mg , Y 40, 53 mg , and Y 60. 58 mg If the a\eragc 
value for the group fed the Y 20 diet is considered as 1, the latios 
for the lespective diets are 1 0, 1 07, 1 26 and 1 38 Apparently \east 
does not prevent renal hypertrophy of the kidney remnant as it does for 
the intact kidneys 

Urea Ratio The percentage distnbution of uiea latios at diftercnt 
levels IS shown m chart 4 The complete absence of ratios below 5 in 
this entire senes is unusual and striking There is little diffeience in 
the distnbution of the ratios foi the animals fed the Y 20 the Y 30 
and the Y 40, but theie is a definite increase in the ratios with \alues 
between 5 and 15 

ABOVE BELOW 

□ d am ■ 

30 30-5 15-5 5 



Y20 Y30 Y40 Y60 
(38) (20) (24) (26) 


Chart 4 — Effect of diet on the urea ratio of partially nephrectomired rats 

The Effect of Diet on the Blood and Uiine Uiea — The adjusted 
cuives and then foimulas, obtained by methods preMoush described, 
showing the effect of dned yeast diets on the amount of urea m the 
blood and the mine in relation to the urea ratio of control and experi- 
mental rats are shown in chait 5 It is seen that with piogressneh 
inci eased ingestion of }east theie is a greater increase m the concentra- 
tion of blood uiea and a proportionately smaller increase in the concen- 
tration of mine uiea at an) given urea latio These increased Aalues 
lepiesent letention of nitrogen and the inability to excrete administered 
urea piopeil) 
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The efifect of diet on the concenti ation of blood urea at different 
urea ratios in peicentage of mean normal is shown in chart 6 It is 
striking that there is only a comparatively small diffeience in the con- 
centi ation of blood urea at a urea ratio as low as 5 for the different diets 



Chart 5 — Relation of the adjusted curves for blood urea and urine urea 



Chart 6 — Relation between the concentration of urea in the blood and the urea 
ratio in percentage of the mean normal value 

COMMENT 

Longwell and his co-workeis-* have reviewed the effect of yeast 
concentrates on renal hypertiophy produced by diets high in protein 
(casein) There is general agieement that there is a prevention or 
inhibition of renal hypertrophy with these extracts, which appear to be 
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rich in the vitamin B complex In the present experiment yeast served 
both as a source of protein and as the inhibiting factoi concerned in 
renal hypertrophy The results obtained confirm preMOUs workeis so 
far as preventing renal hypertrophy in intact animals with diets con- 
tanmg comparatively small amounts of jeast 

The inhibiting factor must be considered in relation to the piotcm 
fed Casein has been used by most investigators and is lecognized as 
the least nephrotoxic protein for lats Whole diied hvei, which is rich 
111 the vitamin complex, causes a progiessive increase m the size of the 
kidney with increased concentration in the diet When the yeast con- 
centration of the diet increases markedly, there is no longer any inhibi- 
tion in the size of the kidneys of intact lats Since it has been demon- 
strated that diets rich in nucleic acid and phosphates ^ may be 
nephrotoxic in the rat, it may be that these factors ma} be operative in 
counteracting the effect of the “inhibiting” factoi 

In the partially nephrectomized rat, the total solids of the kidney 
stump increase progressively with increased ingestion of yeast Since it 
IS impossible to determine accurately the increase in connectne tissue 
111 these kidneys, one cannot judge the effect of the “inhibitoiy” sub- 
stance on the functioning kidney units 

If the effect of yeast diets on the concentiation of uiea in the blood 
and the uiine is taken as an index of renal function, it will be seen that 
there are no urea ratios below 5 for the entne series This is unusual, 
since latios of this magnitude and smaller aie obtained for paitially 
nephrectomized animals fed other diets Fuitheimore, this is reflected 
in the relatively low concentrations of blood urea obtained at different 
urea ratios If these results are accepted as indexes of renal function, 
diets containing yeast are relatively less nephrotoxic to lats than such 
foodstuffs as dried meat, livei, extracted meat or extracted liver 

SUMMARY 

The effect of feeding diets containing various percentages of diied 
3 ^east to intact rats (20, 30, 40, 60 and 80 per cent) and to paitiall} 
nephrectomized lats (20, 30, 40 and 60 per cent) has been studied 

Data showing the effects of these diets on renal hypeitiophy, renal 
function and blood pressure in intact lats are piesented There was 

no change in the latios for the animals ingesting the 

diets containing 20, 30 and 40 pei cent yeast, but there was a relative!} 
marked increase in the ratios for the animals receuing the Y 60 and 
the Y 80 diet, indicating that 3 east contains substances capable of 

4 Newburgh, L H , and Johnston, M W J Chn In\estigation 10 153, 1931 

5 MacKay, E Isl , and Olner, J J Exper ]\Ied 61 319, 1935 
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preventing hypertrophy within definite limits of protein intake The 
ratios and the blood pressmes were fairly constant with 

kidne> weight ^ 

all diets 

The following observations A\eie made on the paitially nephrecto- 
mized rats 

There was a progiessive increase m the are^''*^ ratios with 

increasing concentration of yeast m the diet Yeast does not prevent 
lenal hypertrophy of the kidney remnant 

The incidence ot hypertension was gieatest in the group ingesting 
the diet containing 60 per cent j^east 

Theie was no marked renal insufficiency in any of these animals, as 
judged by the urea latios Furtheimore, the concentrations of blood 
urea were not markedl) elevated at the lo\ier urea ratios 



AGE, SEX . AND HYPERTENSION IN IMYOCARDIAL 
INFARCTION DUE TO CORONARY 
OCCLUSION 

A M MASTER, MD 
SIMON BACK, MD 

AND 

H L JAFFE, MD 

J^EW \ORK 

Foi many yeais coronary occlusion was considered a disease of old 
age and emphasis was laid on the marked discrepancy in its incidence 
between the sexes More recently, as the diagnosis of occlusion has 
become more precise, there has been an inci easing number of reports 
of its occurrence in persons in the younger age groups and m nomen 
as well as men Connei and Holt ^ and, later, Bean - took into consider- 
ation ceitam factors of age and sex in their discussion of the prognosis 
and course of the disease 

In view of the extreme importance of coronary occlusion, a large 
series of cases observed by us has been analyzed with a Men to deter- 
mining the influence of age, sex and hypertension on the incidence and 
prognosis of the disease as well as on its various clinical manifestations 
In addition, particular attention has been paid to the relation of hyper- 
tension to age and sex 

I^IATERIAL 

During the past five years, 500 cases of coronarj occlusion were studied in 
the w'ards and private pavilion of the Mount Sinai Hospital These w ere consecu- 
tive cases, included regardless of the type of treatment ApproximatcK 85 per cent 
of the patients were Jewish because of the predominance of this racial group in 
the hospital 

In the following anal>sis are included onlj cases m which a tjpical histor}, 
electrocardiogram or postmortem confirmation w'as present The course of the 
disease in these cases w^as observed by us in great detail, both chnicalb and b^ 
laboratory methods 

From the Cardiographic Laborator\ and the liledical Sen ices of the Mount 
Sinai Hospital 

1 Conner, L A , and Holt, E The Subsequent Course and Prognosis in 
Coronarj Thrombosis, Am Heart J 5 705, 1930 

2 Bean, W B Infarction of the Heart A Morphological and Clinical 
Appraisal of Three Hundred Cases, Am Heart J 14 684, 1937 
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OBSERVATIONS 

Sex — Of the 500 patients 387, or 77 4 per cent, were men and 112, 
or 22 6 per cent, were women, a ratio of 34 1 (table 1) This is 
lower than the calculated ratio of 4 6 1 in 2,803 clinical cases cited in 
the literature, representing a total of 14 series of cases ® The lowest 
ratio of men to women in the individual senes was 3 l,'^ and the high- 
est, 13 1 The ratio is somewhat lower in series of cases m which 
necropsy was performed, in 1,241 such cases ° it was 3 1 Except for 

3 (o) Parkinson, J, and Bedford, D E Cardiac Infarction and Coronary 

Thrombosis, Lancet 1 4, 1928 (6) Levine, S A Coronary Thrombosis, Medi- 
cine 8 245, 1929 (c) Bramwell, C Coronary Occlusion, Brit M J 1 681, 

1930 id) Harrington, A W, and Wright, J H Cardiac Infarction A Study 
of One Hundred and Forty-Eight Cases, Glasgow M J 119 1, 1930 (e) White, 

P D , and Bland, E F A Further Report on the Prognosis of Angina Pectoris 
and of Coronary Thrombosis A Study of Fne Hundred Cases of the Former 
Condition and of Two Hundred Cases of the Latter, Am Heart J 7 1, 1931 
(/) Allen, O S Acute Coronary Thrombosis, Delaware State kf J 6 252, 1934 
(ff) Riesman, D , and Harris, S E Disease of the Coronary Arteries with a 
Consideration of Data on the Increasing MortaliW of Heart Disease, Am J M 
Sc 187 1, 1934 (//) Howard, T Coronary Occlusion, M Times &. Long 

Island M J 62 337, 1934 (i) Willius, F A Life Expectancy in Coronary 

Thrombosis, JAMA 106 1890 (May 30) 1936 (;) Vander Veer, J B , 

and Brown, L E, Jr The Diagnosis and Prognosis of Coronary Occlusion 
The Electrocardiogram as an Aid, Pennsylvania M J 39 303, 1936 (A) Landau, 

N, cited in Coronary Occlusion, Special Articles (Vienna), Lancet 1 388, 1936 
(0 Mullins, W L Age Incidence and Mortality in Coronary Occlusion A 
Review of Four Hundred Cases, Pennsylvania M J 39 322, 1936 (m) Palmer, 
J H The Blood Pressure in the Years Following Reco^ery from Coronary 
Thrombosis, Lancet 1 741, 1937 Conner and Holt ^ 

4 Bramwell Harrington and Wright Mullins 

5 (a) Wearn, J T Thrombosis of Coronary' Arteries with Infarction of 

the Heart, Am J M Sc 165 250, 1923 (b) Warburg, E J Ueber den 

Coronarkreislauf und uber die Thrombose einer Coronararterie Anatomie, 
Physiologic und Histonk, Acta med Scandinav 73 425, 1930 (c) IClotz, O , 

and Lloyd, W Sclerosis and Occlusion of the Coronary Arteries, Tr A Am 
Physicians 5 08, 1930 (d) Covev, G W Coronary Thrombosis A Review 

of Autopsy Findings, Nebraska M J 15 466, 1930 (e) Jervell, A Llektro- 

kardiographische Befunde bei Herzinfarkt, Acta med Scandinav , 1935, supp 68, 
p 1 (/) Lisa, J R., and Ring, A Myocardial Infarction or Gross Fibrosis 
Analysis of One Hundred Necropsies, Arch Int Med 50 131 (July) 1932 
(g) Meakins, J C , and Eakin, W W Coronary Thrombosis Clinical and 
Pathological Study, Canad M A J 26 18, 1932 (/i) Barnes, A K, and Ball, 

R G Incidence and Situation of Myocardial Infarction in One Thousand Con- 
secutive Postmortem Examinations, Aim J M Sc 183 215, 1932 (i) Evans, 

N , Ambler, A C , and Dodson, W Coronary Disease Its Pathogenesis, Cali- 
fornia & West Med 38 98, 1933 (;) Appelbaum, E , and Nicholson, G H B 

Occlusive Diseases of the Coronary Arteries An Analysis of the Pathological 
Anatomy in One Hundred and Sixty-Eight Cases w'lth Electrocardiographic Cor- 
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two small senes the ratio in the cases re\ lewed ranged between 5 1 
and 111 It is obvious from these and our own records that vonieii 
aie definitely less susceptible to coronar} occlusion than men, but not 
to the degree formerly behe\ed 

Age — The youngest patient m our series was 27 3 ^ears of age and the 
oldest 87 The average age at the time of the initial attack was 54 years, 
and the average age for all patients, regardless of the attack obser\ed, 
was 55 years The first attack occurred most commonly in the sixth 
decade (50 to 59 years), taking place m this period in 33 7 per cent of 
the cases (table 1 and chart 1) The older of frequency m the other age 
groups was as follows 60 to 69 years, 26 per cent, 40 to 49 3 eais, 
25 per cent , 30 to 39 3 'ears, 10 per cent, and 70 to 79 3 'eais, 5 4 per cent 


Table 1 — Scv Dtsiiibutton m 500 Cases oj Occlusion of the Coionaiy Aitoy 
Clinical Findings m Males and in Females 



Males 

remalcs 

^ umber 

3S7 (77 1%) 

113 (22 C7c) 

Ratio 

34 1 


Age 27-39 

33 (S C7o) 

C (5 37a) 

40 49 

So (21 97a) 

20 (17 97e) 

50 59 

139 (35 9Ta) 

39 (34 97a) 

CO 09 

103 (26 CTc) 

S3 (S47a) 

70 S7 

27 (77o) 

10 (67a) 

Ai ernge Age 

54 7 years 

=0 years 

Attack 1 

22C (5S 4%) 

71 (02 97,) 

2 

127 (32 S%) 

So (317,) 

3 

2S (7 2%) 

5 (4 47a) 

4 

4 (1%) 

0 

c 

2 (0 5%) 

2 (1 77a) 

Mortalltj' 

lOS (257a) 

SO (327a) 

Diabetes 

20 (C 77a) 

30 (20 87a) 

Hypertension 

219 (56 57c) 

90 (807a) 

Hypertension -f- diabetes 

225 (oOTa) 

99 (8S 37,) 

Pnlarged heart 

215 (=S 17a) 

64 (74 37r) 

Heart failure (2 to 4-i-) 

195 (50 47a) 

67 (59 87c) 

Pulmonary edema 

56 (14 57c) 

23 (20 57) 

Shock 

205 (52 77a) 

5S (51 S7a) 


Only 10 patients were under 30 3 ^ears of age Three were 80 or more 
at the time of the initial attack The foregoing age distribution differs 
from those reported by Conner and Holt ^ and by Bean , " in the for- 
mei’s series, although the patients in whom the attack occurred in the 
sixth decade comprised the largest group, the number of attacks occur- 
ring in the fifth decade was greater than that of attacks occurring in the 

relation in Thirty-SiX of These, Am Heart J 10 662, 1935 (k) Saphir, O , 

Priest, W S , Hamburger, W W , and Katz, L N Coronary Arteriosclerosis, 
Coronary Thrombosis and the Resulting Mjocardial Changes (Thirty-Four Cases), 
ibid 10 567 and 762, 1935 (7) Moritz, A R , and Beck, C S The Production 
of a Collateral Circulation to the Heart, ibid 10 874, 1935 (m) Akerson, 

I B , Dias, J E , Jr , and Monroe, R T The Incidence of Coronary Arter> 
Sclerosis m the Aged, New England J Med 217 622, 1937 (n) Lyon, R M M 
Myocardial Infarction A Pathologic Stud\, Edinburgh M J 45 285, 1938 
Bean - 
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seventh , m the latter’s senes the attacks occurred (in order of frequency) 
m the seventh, sixth and eighth decades 

When the ages at the initial attack in oui senes are broken into 
five year periods (chart 2), it is seen that in practically two thirds of 



Chart 1 — Age incidence in SOO attacks of coronar\ occlusion 



Chart 2 — Age and sex incidence in 500 attacks of coronary occlusion 


the cases the condition occuried between the ages of 45 and 65 years, 
with an almost equal division among the four five year periods In most 
of the series reported in the hteiature the condition occuried most fie- 
quently in patients aged between 50 and 70 years In our series the 
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peak A\as reached in the 50 to 54 year period and not at 60 }ears as 
has generally been hehe\ ed Actuall} , there is a sharp rise at 45 } ears 
to an incidence only slightly below the peak, so that the incidence between 
the ages of 45 and 65 varies little After the age of 65 there is a sharp 
drop in the number of patients One thud of the attacks in oui senes 
occurred before the age of 50 yeais and one sixth before the age of 45 
Similar conclusions can be drawm if all the cases are considered, includ- 
ing those in which there had been preA lous attacks except that the num- 
lier of attacks in the 40 to 49 year period is smaller, i e . 21 per cent 
as compared wnth 24 9 per cent 

When all attacks are considered as against initial attacks alone, 
there are moie patients in the oldei age groups The peak still occurs 
in the sixth decade, which comprises 35 6 per cent of the cases, but the 

Table 2 — Age Disijibtdion vt 500 Cases of Occlusion of ilic Coiouaiv Aiteiv 
Clinical Tindings vt Each Age Gioiip 


Age Group 


27 to 39 


40 to 40 


jOtO '»9 


GO to GO 


TO to 79 


'Jotitl 


39 (7 S%) 
33 (81 6%) 
0 (15 27o) 
24 (01 57o) 
13 (33 4%) 


105 (21%) 
S3 (80 7%) 
20 (19 3%) 
05 (01 97o) 
33 (31 47o) 


178 (35 C7c) 
139 (78 2%) 
39 (21 S%) 
104 (58 47c) 
53 (30 97c) 


141 (28 S%) 
103 (73%) 
38 (277c-) 
SI (')S7c) 
48 (347o) 


No ot ca>=cs 
Sev Alale 
renialo 
Attacks 1 
2 

3 

4 
? 

Mortality rate 
Diabetes 
Hj pertension 
Tnlarged heart 
lleart failure, 2 to 4+ 
PuImonar\ edema 
Shock 


2 (3 17c-) 0 (3 5%) 

0 1 (1 17c-) 

0 (15 4%) 

2 (5 17c-) 

14 (3C7c-) 

14 (35 97c-) 

12 (30 S7c-) 

5 (12 8 %) 

25 (04 1%) 


15 (8 4%) C (4 27c-) 
2 ( 1 17c) 1 (0 77c) 

CO (42 57c) 
20 (14 27o) 
104 (747c) 
93 (09 57c) 
S3 (597c) 
23 (10 77c) 
77 (54 G7c) 


J7 (7 27c) 500 

27 (737c) 387 (77 4%) 

10 (277c) 113 (22 C7c) 

23 (02 27o) 297 (59 47o) 

10 (277c) 102 (12 57c) 

4 (10 S7c) 33 (0 (TTc) 
0 4(0S7c) 

1 (0 87-) 

13 (30 17c) 144 (28 <=70) 
10 (277c) 50 (11 23c) 

25 (09 5%) 312 (02 47c) 
29 (78 37c) 299 (59 87c) 
25 (09 57c) 252 {50 87c) 
S(22 27o) 79 (15 87c) 

24 (04 f)%) 203 (52 0%) 


22 (20 9%) 43 (24 77c) 

5{3S7c) 19 (10 77c) 

53 (52 27c) 114 (04%) 

51 (48 C%) 100 (59 57c) 

48 (43 87c) 83 (40 57,) 

18 (17 17c) 35 (19 77c) 

52 (49 5%) 87(49%) 


numbei of patients in the seventh decade exceeds that m the fifth (28 3 
per cent as against 21 per cent [table 2]) The number of patients in 
the fouith decade is piactically the same as that in the eighth, 7 8 per 
cent and 7 2 per cent 

These results differ in several respects from those reported in the 
literature An analysis of 12 clinical series comprising 1,761 cases'"' 
revealed that the number of attacks in the seventh decade was almost 

6 (a) Gordinier, H C Coronarj Arterial Occlusion, Am J M Sc 168 
181, 1924 (b) Christian, H A Cardiac Infarction (Coronar) Thrombosis) 

An Easib Diagnosable Condition, Am Heart J 1 129, 1925 (c) Coombs, C F 
Observations on the Etiological Correspondence Between Anginal Pam and 
Cardiac Infarction, Quart J Med 23 233, 1930 (d) Boas, E P , and Donner, 

S Coronary Arter\ Disease in the Working Classes JAMA 98 2186 
(June 18) 1932 (c) Hochrein, M Der M\okardinfarkt Erkennung, Behand- 

lung iind Verhutung, Dresden, Theodore Steinkopff, 1937, p 4 Conner and Holt ’ 
Parkinson and Bedford LeMiie ^ Bramwell"'^ Harrington and Wright "'i 
Willius Palmer 
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as great as m the sixth (32 pei cent as compared to 35 per cent), while 
in five senes''^ the number of attacks occunmg in the seventh decade 
actually exceeded that observed m the sixth Also, there was a greater 
number of patients over 70 than of patients below 40, 10 per cent as 
against 4 per cent In summary, our series includes more patients 
in the younger age groups than have been found in previously pub- 
lished studies 

Of particular inteiest aie the patients in oui series under 40 years 
of age, of whom there were 39, or 7 7 per cent Of these, 1 was 27 
years old, 5 were 30 to 34, and 33 were 35 to 39 If the age at the 
initial attack alone is considered, it is found that 9 4 pei cent of attacks 
occurred befoie the patient was 40 years old The diagnosis in 2 cases 
m which the initial attack occurred before the age of 30 was confirmed 
by autopsy In the hteratuie cited, only 106, or 3 3 per cent, of the 
patients were below 40 However, in addition, 115 attacks of coronary 
occlusion occurring before the age of 41 have been collected from case 
reports, both clinical and based on autops}^ ® The patients included an 

7 Parkinson and Bedford Levine Christian Coombs Hochrein 

8 (a) Osier, W Disease of the Coronary Arteries, Tr Path Soc Phila- 

delphia 11 106, 1887-1889 (6) Dreschfeld, J On Angina Pectoris and Pseudo- 
Angina, Practitioner 44 28, 1890 (c) Palmer, W H Spontaneous Rupture of 
the Heart, Boston M & S J 155 113, 1906 (d) Klingman, T Spontaneous 

Rupture of the Heart, New York M J 87 198, 1908 (c) Gorham, L W 

Significance of Transient Localized Pericardial Friction in Coronary Thrombosis, 
Albany M Ann 41 109, 1920 (/) Krumbhaar, E B , and Crowell, C Spon- 
taneous Rupture of the Heart, Am J M Sc 170 828, 1925 (p) Kerr, W J , 

Larkey, S L , and Lassan, A E Coronary Occlusion and M} ocardial Degen- 
eration, California & West Med 23 46, 1925 (/i) Nathanson, M H Disease 
of the Coronary Arteries, Am J M Sc 170 240, 1925 (j) Jamison, S C, 

and Hauser, G H Angina Pectoris in a Youth of Eighteen, JAMA 
85 1398 (Oct 31) 1925 (;) Clark, G F Coronary Occlusion, U S Nav M 
Bull 23 487, 1925 (/e) Benda, C Ueber einen Fall von schwerer infantiler 
Koronararteriensklerose als Todcsursache, Virchows Arch f path Anat 254 600, 
1925 (/) Allan, G A Case Presenting Multiple Arterial Thrombosis Including 

Both Coronaries, Glasgow M J 110 351, 1928 (m) Hughes, F, W T, and 

Perry, C B Senile Arterial Changes in Child Aged Seven Weeks, Bristol 
Med-Chir J 46 219, 1929 (ji) Herapath, C E K, and Perr}, C B The 
Coronary Arteries in a Case of Familial Liability to Sudden Death, Brit M J 

1 685, 1930 (o) Werley, G Coronary Infarct and Angina with Abdominal 
Symptoms, M J & Rec 131 367, 1930 (p) Levy, R L Mild Forms of 
Coronary Thrombosis, Arch Int Med 47 1 (Jan ) 1931 (q) Smith, H L , 

and Bartels, E C Coronary Thrombosis with Myocardial Infarction and Hyper- 
trophy in Young Persons Report of Two Cases with Necropsy, J A M A 98 
1072 (March 26) 1932 (r) Rathe, H W Sclerosis of the Coronary Arteries 

with Myocardial Infarction in a Young Woman, Am Heart J 9 539, 1934 
(s) Leary, T Experimental Atherosclerosis in the Rabbit Compared with Human 
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infant 7 months old, 7 boys and girls aged 10 to 20 }cars, 8 men and 
women aged 21 to 30, and 99 patients 31 to 40 

A number of authois have observed that women suffer coronar) 
occlusion at a somewhat later age than men ° Conner and Holt ^ found 
that occlusion is uncommon in women undei 50 Of the women obser\ ed 
by them, only 19 per cent were under 50, as compaied with 35 per cent 
of the men In Howard’s series 54 per cent of the women and only 
25 per cent of the men w^ere over 60, theie were no women under 40 
Hochrem’s patients included 43 men and only 7 \vomen under 50 
years but more women than men over 70 Our senes shows a similar 
but less striking difference m this respect We found that 30 3 per cent 
of the men and only 23 per cent of the w^omen w^eie under 50 Fuithei- 
more, 43 4 per cent of the women w^ere 60 years old or over, as com- 
paied with 33 6 per cent of the men The discrepancy is even greater 
below the age of 40 In this group there w’eie 33 men and only 6 
w^omen, a ratio of 5 5 1 This observation has been stressed by other 
writers'® The aveiage age of the men was 53 5 3 ^eais foi the hist 
attack and 54 7 years foi all attacks, while that of the w^oinen w^as 55 7 
and 56 years lespectively In the senes of Levine''*^ and Mullins'’' 
also the average age of the w'omen w^as tw^o years greatei than that of 
the men The peak incidence among \vomen in oui senes occuired 
between the ages of 55 and 59 yeais, as compared with 50 to 54 years 
for men 


(Coronary) Atheiosclerosis, Arch Path 17 453 (April) 1934 (/) Cullman, E R, 

and Graham, G Atheroma and Coronary Thrombosis in a Young Diabetic, J 
Path & Pact 38 167, 1934 («) White, P D Coronary Disease and Coronary 

Thrombosis in Youth, J M Soc New Jersey 32 596, 1935 (v) Sprague, H B , 

and Orgain, E S Electrocardiographic Study of Cases of Coronary Occlusion 
Proved at Autopsy at the Massachusetts General Hospital, 1914-1934, New England 
J Med 212 903, 1935 (w) Cooley, L E Longevity After Coronary Thrombosis 
in a Young Individual, J Iowa M Soc 25 30, 1935 (x) Fernando, P B Coronary 
Occlusion in a Patient Twenty-Four Years Old, Brit M J 1 976, 1935 (y) 

May, W J Coronary Infarction in Young Adults, South African J 10 
772, 1936 (oi) Glendy, R E , Levine, S A , and White, P D Coronar}' Dis- 
ease in Youth Comparison of One Hundred Patients Under Forty with Three 
Hundred Persons Past Eighty, JAMA 109 1775 (Nov 27) 1937 (fcO 
Burnett, C T Pain and Pain Equivalents in Heart Disease, Ann Int Med 10 
1156, 1937 (cl) Stroud, W D , in discussion on Glendj, Le\ine and White ®‘*i 
(di) Halbersleben, D Coronary Occlusion in a Young Adult, New England J 
Med 218 175, 1938 (ci) Durant, T M The Occurrence of Coronary Throm- 
bosis in Young Individuals, Ann Int Med 10 979, 1937 (/O Franklin, M S 

Coronary Thrombosis in Young Adults, J klissouri M -k 35 32, 1938 
Scott, E G Coronary Thrombosis in a Twenty-Se\en Year Old Alan, Virginia 
M Monthly 65-391, 1938 

9 Conner and Holt i Bean - White and Bland L} on 
10 Glendy, Levine and White Burnett Stroud Halbersleben 
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Moitality Rate — We discovered a direct relation between age and 
mortality rate (table 1 and chart 3) The latter rose from 15 4 pei cent 
in the fourth decade to 42 per cent in the seventh, the average for the 
entire series being 28 8 per cent It is to be noted, however, that the 
mortality rate was practically constant between the ages of 40 and 59 
years, ranging between 20 and 24 per cent, while at 60 years there was a 
sharp rise to 42 per cent, which was maintained until 69 years At 
70 years and above the rate fell to 36 per cent 

A similar trend is observed when the mortality rate foi the initial 
attacks only is considered, the same sharp rise in moitality occurs at the 
age of 60 The average age was 58 years for the fatal and 53 8 years 
for the nonfatal attacks It is interesting to note that in the fouith 
decade the nonfatal attacks were double the number of fatal attacks. 



Chart 3 — Mortality rate according to age m 500 attacks of coronarj occlusion 

while in the seventh decade the re\erse relation nas true A number of 
authors have remarked similarly on the increasing mortality nith age •*’ ' 
and the favoiable prognosis for the young Willuis and Mullins®' 
did not observe one fatality in a patient below the age of 40 In 
Levine’s cases of nonfatal occlusion the average age of the patients vas 
57 8 years, and in his cases of fatal occlusion, 61 years, m Cooksey’s'® 
series there was an even greater diffeience, the figures being 54 2 and 
63 4 years respectively In several large clinical series the aveiage age 
was 55 9 years, as against 57 3 obtained in postmortem studies In the 
latter the highest incidence almost invariably occurred m the 61 to 70 
year group and not in patients between 51 and 60 years 

11 Bramwell 3c Glendy, Levine and White S"*' Burnett s**' Stroud Hal- 
bersleben 

12 Cooksey, W B Coronary Thrombosis Follow-Up Studies with Especial 
Reference to Prognosis, JAMA 104 2063 (June 8) 1935 
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The mortality rate for women in our series was only slight!) greater 
than that for men (32 per cent as against 28 per cent) and the a\crage 
age of women who died was one )ear greater than that of men Wilhus ‘ 
and Coombs found the prognosis poorer for women, but White and 
Bland considered the factor of sex unimportant The increase in 
mortality has usually been attributed to the greater incidence of diabetes 
in women 

Multiple Attacks — The incidence of preMOus attacks of coionaiy 
occlusion was calculated for the patients in each age group From 
table 2 it will be seen that the peicentage of first, second and third 
attacks were approximately the same in all decades of life Fifty-eight 
to 62 per cent of patients of all ages were treated in then initial attack 
of occlusion, 31 to 34 per cent of all patients below 70 had suffered at 
least one previous attack, and 4 to 8 5 per cent, at least two prcMOus 
attacks At 70 years and over the incidence of third attacks inci eased 
slightly These figures seem surprising, for one would expect a lowei 
incidence of previous occlusions in the younger age groups It is 
apparent, however, that the young patient wdio has had one attack is as 
susceptible as the elderly patient to further attacks 

The mortality rate, as was to be expected, increased wath each suc- 
ceeding attack, rising from 23 2 per cent for the initial attack to 35 2 per 
cent for the second and 394 per cent for the thud In each attack, 
wdiether the first, second or third, the mortality rate also rose with 
inci easing age 

Diabetes — The incidence of diabetes melhtus m the entire senes 
studied was 11 2 per cent In patients not previously knowui to be dia- 
betic the presence of diabetes was determined by observation of pei- 
sistent glycosuria and hyperglycemia It is mteiesting that this inci- 
dence in a series drawm from a predominantly Jewush population was 
similai to that repoited by Conner and Holt,^ whose patients were mainly 
non-Jewish 

Diabetes was found by us to be more common m the older patients, 
occurimg in 17 per cent of those aged 60 years and older and in only 
4 8 pel cent of those undei 50 Only 2 patients undei 40 and onh 7 
under 50 were diabetic (table 2) These findings are in accord with 
those of Warren In his extensive senes of diabetic patients, all 
those who died of arterial degeneration w^ere o\er 40 years of age and 
few w^ere under 50 

Diabetes in oui series w^as also much more common m w omen than m 
men, the incidence being 26 per cent in the former and only 6 7 per cent 
in the latter (fable 1) The incidence in women rose directl) with age 

13 Warren, S The Pathology' of Diabetes IMelhtus, Philadelphia, Lea & 
Febiger, 1930 
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from 4 5 per cent in the fifth decade to approximately 50 per cent in 
the eighth decade It rose only slightly in males (chart 4) 

The prognosis of the attack in diabetic persons was less favorable 
than for nondiabetic persons, the mortality rate being 39 3 per cent in 
the former and 27 5 per cent in the latter In Avomen the discrepancy 
was even more marked, the mortality rate for diabetic and for non- 
diabetic persons being 40 and 22 per cent respectively 

It is clear from these data that diabetes was not a factor in the 
occurrence of coronary occlusion in men and m young women but that it 
played a definite role in women over 50 years of age It is evident from 
the higher mortality rate that the degree of disease of the coronaiy 
arteries in patients with diabetes was greater and the clinical course moie 
severe 



Chart 4 — Diabetes m relation to age and sex 


Hypei tension — Hypertension is a common antecedent of coionaiy 
occlusion and was concluded by Levine to be the most significant 
single etiologic factor, since it occurred m at least 40 per cent of his 
patients Other authors have reported the incidence to be from 33 to 73 
per cent Allen compared the incidence of hypertension in patients 
who had had coronary occlusion and in the general population and found 
it definitely higher in the former In our senes hypertension (as evi- 
denced by a systolic pressure of 150 mm or more or a diastolic piessure 
of 90 mm or more) was present in 62 4 pei cent of cases (table 2) It 
should be noted that many authors have considered hypertension to be 
present only when the systolic pressure was 160 mm or the diastolic 
pressure 100 mm , they have, therefoie, obtained lower percentages than 

14 Allen, W The Relation of Arterial Hypertension to Angina Pectoris and 
Coronary Occlusion, South Med & Surg 96 377, 1934 
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ours However, since most patients with coronal^ occlusion are seen 
after the blood pressure has fallen, we believe that the figure of 62 4 
per cent is lower than the actual incidence 

The frequency of hypertension rose directly with increasing age 
From chart 5 it is seen that the incidence rose in a practically straight 
line from 28 per cent in men 25 to 34 years of age to 80 per cent in 
those aged 75 yeais and older In females the incidence lose more 
rapidly from a similar figure of 25 per cent m those below 35 }ears to 
90 to 100 per cent in those aged 45 years and older 

There was a definite difiference between the sexes in the incidence 
of hypertension Eighty per cent of the women in our series had h} per- 
tension, as compared with only 56 5 per cent of the men Furthermore, 
h}pertension or diabetes was present in 88 3 per cent of women and 



Chart 5 — Hjpertension m the various age groups m 500 cases of coronarj 
occlusion as compared to hypertension in the general population 

in only 59 per cent of men It is thus seen that preceding hypertension 
01 diabetes or both aie present in the vast majority of ^\omen with 
coionary occlusion 

Hypertension did not affect the immediate prognosis, for the mor- 
tality rate was approximately the same for both h 3 pertenbive and non- 
hypertensive patients, in spite of a considerable increase in the incidence 
of heart failure and caidiac enlargement in the former Conner and 
Holt^ and Vander Veer and Bro^\n'’•^ also found no relation betveen 
hypertension and the mortality rate 

Caidmc Enlai gement — Closely related to the frequency of h 3 per- 
tension was that of cardiac enlargement, vhich vas present in 59 8 
pei cent of cases There vas a direct correlation vith age, for the 
incidence was only 35 9 per cent m patients belov 40 but it rose 
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rapidly to a peak of 78 3 per cent in patients over 70 (table 2) Caidiac 
enlaigement was moie common m women than m men, occurring in 74 
per cent of the foimer but in only 58 pei cent of the latter, presumably 
because of the gieatei frequency of hypei tension m women Fuithei- 
moie, women comprised 28 per cent of patients with enlarged heaits 
but only 14 per cent of those with normal-sized hearts 

The importance of caidiac enlaigement lies m its close association 
with heart failure, which is the piincipal cause of death m cases of 
coronary occlusion and occurs almost always in the presence of an 
enlarged heai t Conversely, the favoi able prognosis vdiich we have 
found for young persons may well depend on the low incidence of 
cardiac enlaigement in persons below 40 oi 45 years of age White 
and Bland and Allen also found a correlation between cai diac 
enlargement and the mortality rate 

Heai t Failut e — Congestive heart failure v as closely associated with 
caidiac enlargement, occurring m moderate or severe degiee in 50 8 per 
cent of our patients When slight degrees of failure were included, the 
incidence Avas 69 per cent, rising progiessivelj with inci easing age from 
30 8 in the fourth decade to 69 5 pei cent in the eighth and was shghtl} 
higher m women than in men As has been stated, it can piobably be 
accounted for by the gieatei frequency of cardiac enlaigement in women 
and m older patients 

An interesting finding was that pulmonary edema A\as more common 
in women than m men, the incidence being 20 5 and 14 5 per cent 
respectively It is in these patients, particularly in women, that pain 
may be minimal dm mg the attack, being masked by the pulmonary 
edema 

Shock — Symptoms of shock occuried in approximately one-half 
the patients and Avere equally common in men and Avomen The inci- 
dence Avas slightly gieatei in patients beloAv 40 and m those aged 70 
years or over, but this diffeience may not be significant, because the 
number of patients in these groups Avas lelatively small In AueAV of 
the loAV mortality late for )mung patients, the high incidence of shock 
in them suggests that shock alone is not of serious impoit as far as 
recovery is concerned but that heart failure, Avhich is moie common 
in older patients, is the dominant factor in the immediate prognosis 

Mode of Death — In a previous study it AA’-as shoAvn that the most 
common cause of death in cases of coronary occlusion is congestive 
heart failuie It AA'^as the chief cause of death m 33 per cent of cases 
analyzed by us and in 16 5 per cent of additional cases it Avas associated 

IS Master, A M , Dack, S , and Jaffa, H L Coronary Thrombosis An 
Investigation of Heart Failure and Other Factors in Its Course and Prognosis 
Am Heart J 13 330, 1937 
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with severe shock Death in one-half the cases therefore, was due to 
heait failure wuth or without shock In patients below' 50 }ears of age 
how'ever, death from heait failure occurred in only 30 7 per cent of 
cases This is to be expected (w'e have alread) drawn attention to the 
low^ei incidence of heart failure in the young) In patients undei 50 
the most common cause of death w'as arterial embolism, either peiijiheral 
or pulmonary The incidence of this complication as the cause of 
death m such patients w-as 53 pei cent, as compared with onl} 12 
pel cent in patients aged 50 years or moie Sudden death, too, was 
somewdiat less common below 50 Theie w'ere no difleiences m the 
cause of death between men and women 

COMMENT 

Our findings, like those of other authois, indicate that pci sons of 
middle age and not of old age comprise the great majoiity of those 
sufleimg fiom acute coionaiy occlusion In our senes the condition 
w'as most common in patients aged 50 to 59 yeais, and it occuired 
almost as often in patients under 50 years as m those over 60 When 
the age at the initial attack w^as consideied it w'as found that the peak 
w'as appioached at the earl} age of 45 }eais These figures, how'ever 
do not indicate the tiue incidence of coionaiy occlusion m each age 
gioup, for this depends on the age distribution of the geneial population 
as w'ell The finding of few^er patients in oui series betw'een the ages 
of 60 to 64 years than between 50 and 54 years, therefoie, may be due 
to the fact that there are few'er peisons in the foimei age group in the 
general population, since theie is a piogressive deciease m population 
above the age of 45 }eais^° Theiefore, m oidei to evaluate more 
accurately the influence of inci easing age on the incidence of coionary 
occlusion, the number of cases in each ten }eai age group w'as corie- 
lated wuth the age distiibution m the geneial population This correla- 
tion W'as made for all patients as w ell as for men and w omen sepai ately 
(chart 6) A figure was obtained for each age gioup which expressed 
the number of attacks of coronai} occlusion per unit of general popula- 
tion in that age gioup This figure is of value onh when compared 
with the ratios for each age group Since oui series W'as collected m 
a hospital the patients of wdnch are piedominanth Jewish, w'e ha\e 
taken as oui basis the estimated Jewnsh population in New York cit} 

In this gioup theie is a progressive decrease in population above the 
age of 44 

16 Federal Census for New' York Cit}, April 1, 1930 

17 Studies in the New' York Jewish Population, New York, Bureau of Jewish 
Social Research, 1928, pp 14-18 
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It IS seen m chart 6 that the numbei of attacks per unit of population 
rose progressively in each age group until the age of 74 years Above 
this age there was an abrupt fall in the incidence of attacks, this has 
not been shown on the graph because of the small number of cases in 
oui series in this age group It is interesting, however, that in a recent 
survey of deaths from disease of the coronary arteries among insured 
persons there was a similar falling off after the age of 70 years When 
the two sexes were compared it was found that the ratio of attacks in 
men pei unit of male population lose more abruptly with age than did 
the ratio of attacks in women per unit of female population, particularly 
in the younger age groups This again emphasizes the greater incidence 
of coionary occlusion in males than m females 



Chart 6 — Ratio of attacks of coronar}' occlusion to the estimated Jewish pop- 
ulation of New York city 

While these observations suggest that the occurrence of coronary 
occlusion IS associated with increase in age, a study of the influence of 
hypertension and a correlation of hypertension with age indicate that 
such a conclusion is not entirely warranted We have pointed out 
(chart 5) that hypei tension was present in only 28 per cent of men in 
our series below 35 )’’ears of age but that the incidence rose rapidly 
with age, reaching 80 per cent at the age of 70 In women hyper- 
tension was even more common, being present in 90 per cent of those 
over 44 years of age Hypertension would seem, therefore, to be an 
important predisposing factor m coronary occlusion, particularly in the 
older age groups and in women Before this conclusion is accepted, 
however, the incidence of hypertension in our series should be com- 

18 Muhlberg, W , Medical Director, Union Central Insurance Company, Cin- 
cinnati, Ohio Personal commumcation to the authors 
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pared with that in the general population Accuiate figures for the 
latter, unfortunately, are practically impossible to obtain at present 
Although there aie a few reports^® comprising the cases of 42,000 
persons, they give onl} an approximate incidence of hypertension m the 
various age groups In addition, the number of peisons in each group 
IS relatively small These studies show that the incidence of hyper- 
tension is approximately 5 per cent at the age of 25 and rises pro- 
giessively to 26 per cent at the age of 55 and to 45 per cent above the 
age of 65 (chart 5) It is obvious that the incidence of hypei tension 
in the 25 to 54 yeai group of males and females was about four or five 
times as high in our series as m the geneial population , in the 55 to 74 
year group it was two or three times as high This confiims the impor- 
tance of hypertension as a precursor of coronary occlusion, paiticulail} 
in young persons 

Of even gi eater significance m this connection aie the conclusions 
regarding hypertension to be drawn from chait 7 It has been piepaied 
in a similar manner to chart 6 , that is. the male population in each age 
group has been broken down into hypertensive and nonhypertensive 
persons by applying the approximate percentages of hypertension 
derived foi the general population In each age group we calculated 
both the ratio of hypertensive men m our series to those m the general 
population and the ratio for those with normal blood pressure Since 
the calculated percentages of hy^pertensive males in the geneial popula- 

19 Thompson, R J C , and Todd, F R E Old Age and Blood Pressure 
Problems, J Roy Army M Corps 40 192, 1923 Alvere/, W C , Wul^en, R , 
and Mahoney, L J Blood Pressures m Fifteen Thousand University Freshmen, 
Arch Int Med 32 17 (July) 1923 Weitz, W Zur Aetologie der genuinen cder 
vascularen Hypertension, Ztschr f klin Med 96’ 151, 1923 Dunham, G C 
Variation m Blood Pressure as Associated with Variation in Age and Body 
Weight, Internat Clin 3 81, 1925 Diehl, H S , and Sutherland, K H Systolic 
Blood Pressures in Young Men, Including a Special Study of Those with H^pcr- 
tension. Arch Int Med 36 151 (Aug ) 1925 Life Conservation Studies I 
Physical Impairment Among Office Workers, II Physical Impairment A.mong 
Industrial Workers, Cincinnati, The Heart Council of Greater Cincinnati, 1925 
Richter, A Ueber Blutdruck im hoheren Lebensaltcr, zugleich ein Beitrag /ur 
Klinik des Hochdrucks, Deutsches Arch f klin Med 148 111, 1925 Britten, 
R H , and Thompson, L R Occupations A Health Study of Ten Thousand 
Male Industrial Workers, Public Health Bulletin 162, United States Public Ilealth 
Service, June 1926 Gelman, J Hypertoniestudien Alters- und Berufs\erschicb- 
ungen im hamodynamischen System, Ztschr f klin Med 106 310, 1927 
Sailer, K Ueber die Altersveranderungen des Blutdrucks, Ztschr f d ges e\per 
Med 58 683, 1928 Riseman, J E F , and Weiss, S The A.ge and Se\ Incidence 
of Arterial Hypertension, Am Heart J 5 172, 1929 Musscr, J H , and 
Phillips, A W Comparison of Blood Pressure, Blood Urea Nitrogen, Phenol- 
sulphonephthalein, and Urine Tests in the Aged, J Lab Clin Med 15 633, 
1930 Daws, H J Notes on Blood Pressure in Old A.ge, Human Biol 2 
264, 1930 Willius, F A Heart and Old Age Stud\ of Se\en Hundred 
Patients Sevent 3 ’--Fne Years and Older, Am J M Sc 182' 1, 1931 
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tion are only approximations, we applied a ±10 per cent correction to 
each ratio obtained and plotted them as a band instead of a single line 
The ratios foi the age groups fiom 25 to 34 and from 75 to 84 weie 
omitted because of the small number of cases 

It IS seen that the ratio of hypertensive attacks to the hypertensive 
male population rises steeply with inci easing age until 64 years and 
then falls slightly The ratio doubles between the ages of 35 and 55 
Although the incidence of coronary occlusion per unit of population 
is not so great m the nonhypertensive group, it, too, rises with age in 
about the same proportion as in the hj'pertensive group Between the 
ages of 35 and 74 years coronaiy occlusion is from five to eight times 
as frequent m hypertensive as m nonhypertensive peisons, but the 



Chart 7 — Ratio of attacks of coronarv occlusion to the estimated Jew ish 
population of New York city in relation to hjpertcnsion 

incidence in both groups uses with age in about the same degree 
Hypertension, therefore, plays the paramount lole in the increasing 
incidence of coronary occlusion, but age alone also plays a pait Arterio- 
sclerosis IS the fundamental pathologic basis, but hypei tension accelerates 
this process tremendously, paiticularly in the younger age gioups 

These findings emphasize the importance of h}pei tension in coionaiy 
occlusion, but its exact role cannot be evaluated until more accurate 

figures on the incidence of hypei tension m the general population are 

obtained The ai teriosclerotic process m the coronar}'- arteries occurs 
spontaneously in some persons at a relatively eaily age but in the 
majority is preceded by hypertension 

That hypertension is not the only factor m coionarj^ occlusion is 
evident The majority of our patients under 45 were nonhypei tensive 
The blood piessure was also noimal in cases of young persons cited by 
Durant®®^ and Franklin Othei predisposing factors have therefoie 

been sought Some authors have claimed that syphilis is common as 



M ISniR ET AL—MVOC IRDI'iL L\r^lRC7!0\ 

a cause of coronar} occlusion in tlie }Oung This conclusion was not 
borne out in our series, for there were onh 2 patients below 50 in who>e 
cases the Wasseiinann reaction was positne. since both are luiiig at 
the time of this report it is uncertain whether the closure was a lesult 
of syphilitic stenosis of a coronary ostium or of artenoscleiosis of the 
coronary arteries Occlusion of a coronal n arter} has also been 
attiibuted to rheumatic fevei , but iheumatic heait disease was picscnt 
m only 1 of our }Oung patients, and this was coincidental It is also 
noteworthy that diabetes was uncommon m oui }Oung patients, whcthci 
male or female Wairen found that diabetic patients usualh had 
coronary occlusion aftei the age of 50 We are templed, thercfoie as 
seveial authois hefoie us have done,-® to in\oke a familial tendenc} as 
an explanation of the occuirence of coronary sclciosis and occlusion 
m young persons In our series, how'ever, the incidence of heart di‘'Ca‘:(* 
in the immediate families of the >oung patients was found to be no 
gieatei than that in the families of the older ones 

The influence of h}pertension on prognosis is not cntiiel) clcai 
We have seen that for the young, wnth little Inpertension, the piognosis 
WMS good and that for w'omcn, with moie In pei tension, the moitality 
late was slightly highei than m men How^ever, the prognosis m the 
entile senes was similar for the patients with and for those without 
hypei tension, in spite of the higher incidence of cardiac enlargement and 
heart failure m men and w'omen wuth hypertension Conner and Holt,' 
too, found h3pertension of no significance in the prognosis of an attack 
It IS evident that, wdnlc hypertension may piedispose to coionary 
sclerosis and occlusion, the h}pei tensive patient pi ogi esses as well as 
the nonhypei tensive patient after the occlusion has occurred It is 
even possible that the increased blood pressure has a favorable influence 
on the coronary blood flow' after occlusion 

Some mvestigatoi s have held that the fiequency of coionary occlu- 
sion at piesent is greater than former!}', parlicularh in the }Oungcr age 
gioups It seems more hkel}, how'ever, that the inciease is onlj 
appaient and is the result of greater accuracy m diagnosis and of greater 
interest m the disease Know'ledge of the frequency of coronar\ 
occlusion in young as w'ell as in old persons is becoming w'ldespread 
Not onh ph}sicians but la} persons are moie apt now' to recogm/e mild 
or atypical attacks Such a diagnosis as acute indigestion is no longer 
accepted without question Furthermore the increasing use of the 
electrocardiograph brings to light instances in which the condition has 
been unsuspected or diagnosed as angina pectoris 

Nor IS it necessar} to postulate that disease of the coronar} arteries 
and therefore occlusion appears at an earlier age toda} than formerh 

20 Musscr, J H , and Barton, J C The rannhal Tendenev of Coronar % 
Disease Am Heart J 7 45, 1931 Lcmiic Hcrapath and Pcrr\ GIend\, Lcmuc 
and White 
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In a previous paper we have shown that m the young the coronary 
vessels may be involved long before other aiteries become sclerotic In 
9 cases in which arterioscleiosis was present only in the coronary 
arteries 8 of the patients were undei 45 years of age It would seem, 
therefore, that certain persons are susceptible to coronary sclerosis and 
occlusion and that this process often begins at a relatively early age 
and may remain localized to the coionary arteries In the majority of 
young patients the retinal aiteries were normal In this connection our 
data concerning multiple attacks are pertinent It was found that the 
incidence of first, second and third attacks was similar in each age 
group, that is, after an initial attack of coronary occlusion a man or 
woman 45 or 50 years old was as apt to have another attack as a person 
of 60 or 65 Apparently, once the sclerotic process is initiated its 
tempo is the same at all ages 

It IS interesting to compare the course of coronary occlusion in the 
young and m the old The outstanding difference is the much better 
prognosis for the former, even in the first attack the moitnhty rate 
rises with age This relation, however, is not a direct one m all decades 
It has been pointed out that the mortality rate rose giaduallj during 
the period from 45 to 59 years and then increased sharply, beginning 
at the age of 60 It is probable that after the fifties the degree of 
coronary sclerosis and myocardial involvement becomes definitely more 
advanced, so that a difference of even a few years about the age of 60 
may be significant in prognosis At fiist it may seem surprising that 
the prognosis is better for the young than for the old, for anastomoses 
are thought to manifest themselves only as a result of increasing dis- 
ease of the coronary arteries and so appear in later years It is 
apparent, therefoie, that the outcome of the attack depends on other 
factors in addition to vascular anastomoses Postmortem studies have 
indicated that m the young the coronary disease may not be wide- 
spread but often may be localized to only one or two aiteries, conse- 
quently, the heart muscle as a whole is in good condition and can with- 
stand the occlusion of the diseased artery Indeed, we have seen that 
for young persons the incidence of cardiac enlargement and heart failuie 
IS much lower than for the old, pointing to the reserve strength of the 
heart and accounting for the rarity of a fatal issue Actually, death 
in the young is more often the result of a complication of the occlusion 
(particularly embolism) than of cardiac failure Another point in favor 
of the survival of young persons is the lesser degree or total absence of 
arteriosclerosis outside the heart The kidneys, brain and other organs 
often remain unaffected 

21 Master, A M , Dack, S , and Jaffe, H L Coronary Artery Thrombosis 
Mode of Death and Analysis of Fatal Cases, New York State J Med 37 1707, 
1937 

22 Leary Master, Dack and Jaffe 
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We ha^e shown that the sexes exhibit se%cial inteiesting chfleuncc*^ 
m respect to coronar\ occlusion including incidence, age frcqucnc\ of 
h\ pel tension, fiequenc} of diabetes and inortaht} late P'ormerl} it wa‘; 
believed that coronar\ occlusion was rare in women, the ratio of men 
to women being given as 10 1 to 5 1 Recenth it has been pointed 
out that women are moie fiequenth affected m the propoilion of 5 1 
to 3 1 In our series the latio was 3 4 to 1 The explanation of this 
change doubtless lies m the impioved methods of diagnosi'^ of and cearch 
for coronary occlusion, as we ha\e discussed m a pie\ious paiagiaph 
in the case of young persons Unless one is on the alert foi the 
piesence of coionary occlusion in women one ma\ miss the diagno'^is 
entirely It is piobable that m the past coronar\ occlusion m women 
not infrequently has been labeled acute cholecystitis In addition, it is* 
oui impression, based on insufticient data that women aie less apt than 
men to have seveie, peisistent pain and that the attack is moie likeh 
to begin wuth pulmonaiy edema, which may mask the pain In such 
cases the diagnosis may be difficult to make It may be mentioned that 
few' w'omen m oui series smoked, and none immodeiately Tobacco, 
therefoie, is not the cause of the appaient increase m coronal y occIuskjii 
in w'omen 

Many authois have found that coronal y occlusion occuis at a later 
age in w'omeii than in men Oui experience confiims this obsenalion 
The greater susceptibility' of older women to coronaiy occlusion may 
account for the lapid increase m the incidence of diabetes in w'omen 
ovei 50, diabetes did not become more fiequent with age in the males 

Another difleience between the sexes was the higher incidence of 
hy'pertension in w'omen Only 1 of eveiy 10 women with coionaiy 
occlusion failed to show eithei hypei tension or diabetes the latio for 
W'omen of 60 years and ovei w'as only 1 in 12 It is difficult to explain 
this difleience, coronaiy scleiosis often occuis m men without diabetes 
01 hy'pei tension, but the foundation for this disease in women is laid 
by one of these factois It is probable that when coionary occlusion 
occuis in w'omen the scleiosis is moie widespiead and severe than in 
men. and as a lesult of hypertension the incidence of cardiac enlarge- 
ment and heait failute is gieatei This piobably accounts for the highei 
moitaht\ in w'omen than in men (32 per cent as against 28 pei cent) 
We haAe shown that the mortality rate is dnectly dependent on 
caidiac enlaigement and heart failure 

SUMMARV 

The influence of age. sex and hypertension on the incidence clinical 
couise and prognosis of coionary occlusion has been anahred in 500 
consecutue cases 

Approximately two thirds of the attacks occurred between the ages 
of 45 and 65 and almost one third before 50 \ ears The peak oecurred 
in the sixth decade 
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The number of mitial attacks lose progi essivel> until the age of 45, 
then a level was maintained until the age of 64, after \\hich there vas 
a rapid decrease Howevei, when the number of attacks was coi re- 
lated with the census of the general population m each age gioup, there 
was a progiessive rise m the incidence of attacks with advancing age 
to 74 years 

Paiticulai attention i\as paid to a gioup of 39 patients aged 27 to 
39 yeais The susceptibility of these young persons to coronary 
scleiosis and occlusion could not be attributed to iheumatic fe\ei 
syphilis, diabetes, hypei tension oi a familial oi hei editary trait 

The mortalit} late varied with age, inci easing giaduallv until the 
age of 59 and rising shaiply m the oldei age groups Coionar) occlu- 
sion is laieh fatal below the age of 40, since the occlusive process is 
often localized to one artei} and the m}Ocardnim is not diffuseh 
damaged 

The fiequency of multiple attacks was the same m all age gioups 
Young and old peisons aie equalh^ susceptible to subsequent attacks of 
coronaiy occlusion aftei an initial attack 

The commonest cause of death befoie the age of 50 w'as artei lal 
embolism, aftei 50 it was caidiac failiiie 

The latio of men to women was only 3 4 1 The a\erage age of 
the wmmen w'as highei than that of the men, and the incidence in women 
below' the age of 40 was lelatively small 

Diabetes w'as frequent in w'omcn o\ei 50 but uncommon in men 
below 70 In women the incidence lose sharpl} with increasing age 
Caidiac enlaigement and heait failuie increased wnth age, being 
uncommon in the young The} w'erc more common in women than m 
men Pulmonaiy edema wnth little oi no pain not infiequentl} initiated 
an attack, paiticulai Iv in women 

Hypertension occurred m more than half the men and m four fifths 
of the Avomen The incidence lose wnth age from 36 pei cent in the 
fourth decade to 74 pei cent in the seienth decade Theie w'as no 
effect on the mortality late 

Hypertension is an etiologic factoi m coionai} occlusion, foi its 
incidence m our senes was definitely gieatei than that calculated for 
the general population Fuitheimore the latio of attacks per unit of 
the hypertensive male population w'as five to eight times as gieat as that 
for patients with noimal blood pressuie although both ratios increased 
w'lth age in the same propoition Hypertension accelerates the aging 
process 

Mr Herbert Marks, assistant statistician of tlie Metropolitan Life Insurance 
Company, New York, assisted in the compilation of the data presented in this 
paper 
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The pm pose of this lepoit is to re\ie\\ ccitain statistical iindine;s on 
juvenile diabetes inellitus foi coinpanson with othei rcpuits and tn 
cmphasi/e some of the featuics that become apparent fiom the stud} 
The childien studied have not all been contmuoush undei oui peison.il 
ohseivation fiom the onset of diabetes main ha\mg had jnewious treat- 
ment elsewhere and othei s ha\mg mo\cd to other locations and super- 
vision In most eases however, we ha\c been .ihle tn lollow’ tluii 
piogiess 

1 heie weic 341 childicn m this gioup, all the childien with diabetes 
ohseivcd by us between Apiil 1920 and Januai\ 1938 except 2 seen in 
1917 In all of them diabetes de\ eloped he foie the sixteenth hiithd<i\, 
the cailiest onset being at the age of 8 weeks and onl} 4 children being 
undei 1 yeai of age when the disease was disco\ered The childien ha\e 
been caied for m piivale piaclicc. at the Childien's Hospital since 1922 
at the Cedais of Lebanon Hospital since 1930 and at the Los Angeles 
General Hospital since 1932 

The sex incidence m this senes conforms on the whole to that noted 
b} othei s, the patients being almost ecjually dnided with a slight ])re- 
pondeiance of girls (184) o\er bo}S (157) Thnt} -seven childien 
(10 8 pel cent) of the entire gioup were Jewish and of the non-Jew ish 
children 7 weie Alexicans 6 Negroes. 1 Italian, 1 Assvnan and 1 
Poituguese The sex distnbution by age at onset is gnen m table 1 

The incidence of diabetes according to age at onset m this grouj) does 
not coiiespond accurately with other leports The highest peak for the 
entile group occuiied at the 11 to 12 \car period (cliart 1) but there 
was anothci high peak at the age of 7 to 8 }eais The peaks for giiL 
occurred at 3 to 4 and 7 to 8 }eais with a constant higli le\el at 9 to 10 
10 to 11 and 11 to 12 jeais, while for bo_\s 7 to 8 and 11 to 12 wcie the 
outstanding ages The sharp drop in incidence of onset during the 
fifteenth }eai seems to be unnersalh obsened 
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HEREDITY 

A positive family history of diabetes was obtained m 110 cases In 
216 there was no known diabetes, and in 15 it was unknown whether 
diabetes had existed in the antecedents This represents a known 
incidence of 32 2 pei cent Of the Jewish group (37 children) the data 
are known foi 36, 17 (46 pei cent) of whom had a family history of 
diabetes In the non-Jevish group the data aie known m 304 instances, 
111 93 (30 6 per cent) of which theie was a definite family history of 
diabetes Of the children who had had diabetes for ten years or longer 
(m 4 instances the family histoiy iias unknown), 36 9 per cent were 
known to have a famil) history of diabetes 

There was a pair of twins who had diabetes They w^ere Jewish 
girls In 1 of them diabetes developed at the age of 3 years 2 months, 
and 111 the other, at 3 yeai s 1 1 months They are both living at the time 
of wHiting, the duration of the disease being six years seven months and 
five years ten months respectneh Each of the 2 boys had a twin 


Table 1 — Dish ibutt-on by Age at Ousel 


Age at Onset, Yr 

Patients 

Bojs 

Girls 

^on Jewish 

Jen i»h 

0 5 

02 

43 

49 

80 

0 

610 

120 

54 

72 

110 

10 

11 15 

123 

CO 

03 

lOS 

n 

Totals 

341 

l')7 

184 

304 

37 


hi Other, and 1 girl had a twin sistei These nondiabetic tw'iiis are 
kept undei constant obsenation, but at the time of WTiting none have 
shown any signs of diabetes The twins with diabetes had a faniil} 
history of the condition and one of the other twins also had such a 
histoiy 

PREVIOUS ILLNESSES 

Illnesses prior to the onset of diabetes have been stiessed as of 
etiologic importance While acute illnesses, especially infections do 
lower carbohydrate tolerance and make existing diabetes moie severe 
foi only 24 per cent of this eiitiie gioup did we obtain a history of an 
acute illness sufficiently close to the onset of lecognizable symptoms to be 
considered a possible causative factoi or piecipitating event On the 
w'^hole, the records of piecedmg illnesses varied little from those obtained 
m the cases of other childien of similar age 

Table 2 lists the conditions obseived The patients aie classified 
according to age at onset to bung out the difference m fiequency of 
certain conditions and infections at different ages The table also indi- 
cates conditions occuning within one yeai of the onset of svmptoms 
and conditions wdneh seemingly piecipitated the symptoms of diabetes 
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Eight} -two patients (24 per cent) had condition': which were 'ccni- 
mgh precipitating, and of these, infections were the factois in 58. or 
70 7 per cent Severe infections of the respirator} tiact acting as ])re- 
upitating factois accounted for 60 per cent of the 58 infections 

Tonsillectomy precipitated s}mploms in 5 instances Serum and 
\accine reactions seemed to be the precipitating factois in 7 others but 
w'e were piobably told only of the reactions that were followed b} s}mp- 
toms, no mention being made of the man} in which s}mptoms did not 
follow' 



Chart 1 — Incidence according to age at onset 


SYMPTOMS AND DIAGNOSIS 

The s}mptoms of diabetes m this group tended to follow the classic 
pattern Fiom 329 lecords m which tlie original s}mptoms were 
adequatel} desciibed we found that pohuria occurred in 91 4 pei cent 
of the cases, pol}dipsia m 89 per cent, loss of weight and strength 
in 79 pei cent and pohphagia in 73 2 pei cent Table 3 diows the=e 
data and also indicates that there is little difterence when the patients 
are dnidecl as to age of onset 



Table 2 — Illnesses Bcfo] e Onset of Diabetes 




Age 0 5 

\r 

Age 6 10 Ar 

Age 11 15 A r 
























Prccipi 



Precipi 



Precipi 




tatmg 



tatmg 



tatmg 




Symp 



Symp 



Symp 




toms of 



toms of 



toms of 



ithm Dm 


11 ithm Dm 


11 Ithm Dia 

History of Total 1 Ir 

betes 

Total 

lAr 

betes 

lotal 

1 Ar 

betes 

Measles 

14 

3 

0 

77 

4 

2 

SG 

0 

1 

Mumps 

3 

0 

0 

25 

2 

0 

34 

0 

1 

Cliickenpox 

12 

1 

0 

49 

2 

0 

53 

0 

0 

Infeetion of respiratory tract 










(severe) 

41 

0 

10 

4S 

0 

IG 

41 

0 

8 

Pertussis 

21 

3 

1 

02 

0 

1 

51 

0 

0 

Pneumonia 

2 

0 

2 

11 

2 

0 

9 

0 

1 

Smallpox 

0 

0 

0 

2 

0 

0 

4 

0 

0 

ScarJet fever 

1 

1 

0 

10 

3 

0 

15 

0 

1 

Diphtheria 

0 

0 

0 

4 

1 

0 

4 

0 

0 

Tonsillitis 

15 

2 

3 

25 

2 


19 

0 

1 

Tonsiliectomj 

9 

2 

1 

23 

1 

2 

47 

1 

2 

Obesity 

G 

0 

0 

5 

0 

0 

11 

0 

0 

Constipation 

21 

0 

0 

13 

0 

0 

IG 

0 

0 

Appendicitis 

1 

1 

0 

3 

1 

0 

1 

0 

0 

Appendectomy 

1 

1 

0 

1 

0 

0 

0 

0 

0 

Allergy 

J 

0 

0 

C 

0 

0 

4 

0 

0 

Malnutrition 

1 

0 

0 

0 

0 

0 

1 

0 

0 

Rickets 

1 

0 

0 

1 

0 

0 

0 

0 

0 

Automobile accident 

U 

0 

0 

2 

1 

1 

1 

0 

0 

Abdominal pain and convulsions 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Jaundice 

1 

0 

0 

0 

0 

0 

1 

0 

0 

Enteritis and colitis, acute 

1 

1 

0 

3 

1 

0 

> 

0 

0 

Torticollis 

1 

0 

0 

1 

0 

0 

0 

0 

0 

Papular rash (?) 

1 

0 

1 

0 

0 

0 

0 

0 

0 

btj cs 

1 

0 

0 

0 

0 

0 

1 

0 

0 

Practure of arm 

3 

0 

0 

O 

0 

0 

2 

0 

0 

Fracture of leg 

1 

0 

0 

0 

0 

0 

1 

0 

0 

Practure of clat iclc 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Se\ ere burn 

1 

0 

0 

0 

0 

0 

1 

0 

0 

Ichthjosls 

1 

0 

0 

1 

0 

0 

0 

0 

0 

Harelip and cleft palate 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Acidosis and vomiting 

2 

0 

0 

3 

0 

0 

0 

0 

0 

Sn alloii ed acid 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Birthmark remoted by cautery 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Diarrhea 

3 

0 

2 

1 

0 

0 

0 

0 

0 

Hernia, inguinal 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Hernia, umbilical 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Fever (undetermined origin) 

1 

0 

1 

1 

1 

0 

1 

1 

0 

.Sarcoid of Beck 

1 

0 

1 

0 

0 

0 

0 

0 

0 

Constipation vitli feter 

1 

0 

1 

0 

0 

0 

0 

0 

0 

Herniotomy 




3 

0 

0 

0 

0 

0 

Mastoiditis (m 1 case associated lAlth 

sinus thrombosis) 

» 

0 

1 

1 

0 

0 

Mastoidectomy 




o 

0 

1 

1 

0 

0 

Cretinism 




1 

0 

0 

0 

0 

0 

ruruneiiiosis 




4 

0 

0 

0 

1 

0 

Cellulitis Pace 




1 

0 

1 

0 

0 

0 

Wrist 







1 

0 

1 

Foot 







1 

0 

0 

Reaction to pertussis y acclnc 




1 

0 

1 

0 

0 

0 

Reaction to diphtheria antitoxin 




1 

0 

1 

0 

0 

0 

Reaction to smallpox vaccination 




2 

0 

o 

1 

0 

1 

Reaction to tetanus antitoxin 




1 

0 

1 

0 

0 

0 

Serum sickness 




1 

0 

1 

0 

0 

0 

Py elitis 




2 

0 

0 

1 

0 

0 

Damaged heart ifter diphtheria 




1 

0 

0 

0 

0 

0 

Concussion 




1 

1 

0 

0 

0 

0 

Dndescended testis 




1 

0 

0 

0 

0 

0 

Adenitis 




1 

0 

0 

o 

0 

0 

Enlarged abdomen 




1 

0 

1 

0 

0 

0 

Enlarged thymus 




1 

0 

0 

0 

0 

0 

Eezema 




1 

0 

0 

0 

0 

0 

Exophthalmic goiter 




1 

0 

0 

0 

0 

0 

Thy roidcctomy 




1 

0 

1 

0 

0 

0 

Pmv orms 




1 

0 

0 

0 

0 

0 

Chorea 




1 

0 

0 

0 

0 

0 

Tuberculosis of spine 




1 

0 

0 

0 

0 

0 

Tuberculosis, pulmonary 




1 

0 

0 

3 

0 

0 

Traumatic ulcer 







2 

0 

1 

Dengue fever 







1 

1 

0 

Injury to back 







s 

0 


Injury to head 







4 

0 

1 

Bursitis 







1 

0 

0 

Renal colic uith hematuria 







1 

0 

0 

Infection from vaccination 







1 

0 

0 

Operation for congenital hip disease 







1 

0 

0 

Quinsy uith operation 







1 

0 

0 

Rheumatic fever 







1 

0 

0 

Gonorrheal vaginitis 







1 

0 

0 

Epilepsy 







1 

_ 0 

0 

Abscess of car 







1 

0 

1 

Heel tom ofl 







1 

0 

0 

Ty phoid fever 







1 

0 

0 
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We have analyzed the type of onset of symptoms only from die 
standpoint of whether it was acute or giadual The onset was classified 
as acute if the symptoms developed to the point of being hi ought to 
attention on a given day oi within about two weeks If symptoms weie 
noted later the onset was classified as giadual The afoiementioned 
329 records are classified in table 4 as to age of onset 

Two bundled and sixty-five lecords included sufficient data to peimit 
calculation of the numbei of days elapsing between the onset of symp- 


Table 3 — Aqc at Onset oj Symptoms 


Entire 

Sj'mptoni Group 

Polyuria 91 4% 

Polydipsia S9 0% 

Loss of weight 79 0% 

Polyphagia 73 2% 

Onset 

OS^ir 

90 9% 

88 6% 

75 0% 

69 S% 

Onset 
610 Yr 

93 3% 

90 9% 
810% 

75 27o 

Onset 

11 15 Yr 

90 0% 

87 5% 

80 8% 

74 1% 

Table 4 — Type of Onset 

Age at Onset, Years Total Patients Aeute Onset 

Gradual Onset 

05 

89 

88 5%o 

119% 

610 

122 

82 8% 

17 2% 

11 15 

118 

78 8% 

21 2% 

Table S — Age at Onset Com elated zvtth Tune Elapsing Bcfoie Szigai JVas Found 



Average Number of Days 

Age of Onset, Tears 


Before Sugar Was Found 

05 



38 

610 



49 9 

11 15 



741 


toms and the discovery of sugar In spite of the typical natuie of the 
symptoms and the acuteness of the onset, diagnosis was delayed for an 
average of fifty-four and five-tenths days for the entire group The 
younger children group fared better than the older ones (table 5), 
obviously because the bathroom habits and general condition of the 
younger children weie watched more closely This was probably also 
tiue for the medical obseivatioii 

The unhappy significance of this delay m diagnosis is illustrated 
by the fact that among 274 patients on whom we had definite data as to 
the existence of acidosis when the diagnosis of diabetes was made, 
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approximately 4 of every 10 (37 2 per cent) had more or less seveie 
ketosis, and 1 of every 5 (21 1 per cent) was m coma Table 6 gives the 
distribution of ketosis and coma by age groups Consideration of the 
data leaves much to be desired in the promptness with which the diag- 
nosis IS made and tieatment instituted, particulaily m the younger group, 
in which only 31 5 pei cent demonstrated no acidosis at the time the 
diagnosis was made 

MORTALITY 

The present status of 315 of these children is known Fifty-five of 
them died (table 7) The lemaining 26 weie lost sight of The total 
known moitahty of the gioup was 16 1 per cent wuth a possible mortality 
of 23 7 pel cent if all those unaccounted foi are dead 

Insulin w^as first available to our patients m November 1922 Piioi 
to this, diabetes had developed in 25, 16 of whom are knowm to be dead 
Fourteen of the deaths occurred befoie the advent of insulin Of this 
group not receiving insulin, 8 died within one month of the onset ot 


Tahle 6 — Aqc Incidence of Kdosis and Coma 




Total No 

Keto=ls, 

Coma, 

No Acido'I®, 


V{,e at Onset, Years 

of PaticDts 

PcrcentaRC 

Percent a pro 

Percentace 

0 0 


70 

47 4 

21 1 

SI ■ 

C-IO 


OO 

■n 4 

IS 2 

40 4 

n ij 


99 

12 4 

212 

42 4 


symptoms, 1 lived for se^en }eais, 1 foi six }cars. and 4 from two veais 
and one month to twm } ears and eight months One hundred per cent, 
then, of those wdio did not leceive insulin died, and 57 per cent of these 
died wnthm the first month The shoitcst duration of diabetes was five 
days, and the aveiage w'as one year and se\en months Eleven, then, 
lived long enough to leceive insulin Of these, 8 are living, 1 is 
unaccounted foi but w'as living wdien last heard from (one year pievious 
to this study) and 2 aie dead, each having lived five years and se\en 
months aftei the onset of symptoms Chart 2 represents the duration 
of diabetes m those not leceiving insulin 

The number of known deaths of those wdio leceived insulin is 41 
This represents a known mortality of 13 2 pel cent of the total (301) 
that w^e have been able to follow If those wdio have not been follow’^ed 
by us aie all dead the maximum mortality increases to 20 5 per cent 
The duiation of diabetes in this gioup that have died varied fiom twm 
days to fourteen yeais and seven months This is showm giaphically m 
chart 3, and attention is again called to the high mortality in the fiist 
month after diabetes developed 





Table 7 —Analysts of Ftffy-Ftve Deaths 


Age at Duration ol 

Onset Diabetes 

'■ , lear of , * v 


patient 

Se\ 

Tr 

Mo 

Death 

Yr 

3Io 

Cause of Death 

Comment 








Before Insuiin 


1 

LB 

M 

5 


1917 

2 

G 

Unknown 

Aone first seen in coma 

2 

BT 

M 

5 

3 

1921 


— 1 

Coma 

3 

BA 

M 

6 

1 



— 1 

Coma 

Aone, first seen in coma 

4 

AB 

r 

4 

2 

1922 

2 

2 

Ketosis 

Gangrene of nose 


Jil 

M 

1 

6 



— i 

Coma 

Aone first seen m coma 

6 

DS 

M 

2 

11 



— 1 

Coma 

Kone, first seen in coma 

7 

HPB 

M 

9 

4 


2 

1 

Pneumonia 

Aone 

8 

GY 

P 

9 

G 


7 


Influenza 

None 

9 

D& 

M 

7 

1 



—1 

Coma 

Aone, first seen in coma 

10 

LL 

P 

10 



2 

s 

Coma 

None 

11 

HH 

BI 

7 




— 1 

Coma 

Aone. first seen in coma 

12 

LP 

P 

10 




— 1 

Coma 

Aone, first seen in coma 

IJ 

'IG 

31 

7 

9 



—1 

Coma 

Aone first seen in coma 

14 

lie 

M 

12 



G 


Coma* 

Infection of upper respira- 









torj tract 








After Insulin 


Ij 

LB 

M 

3 

1 

1923 

5 

7 

3Ijocardial failure 

Sudden myocardial death 








following diphtheria with 
larvngeal obstruction 



IG 

GV 

P 

8 

11 



—1 

Coma 

Pneumonia 

17 

AG 

M 

7 



5 

7 

Pneumonia* 

Aone 

18 

KE 

P 

3 

1 

1924 


5 

Coma 

Severe enteritis 

19 

LJ 

P 

4 

1 



11 

Unknownt 


20 

AM 

31 

15 


1925 

1 


Comat 

Stopped insulin operation 










done, diabetes not cared for 

21 

JP 

P 

3 


1920 

4 


Unknown! 


22 

BH 

31 

3 

6 


2 

11 

Diphtheria 

None 

23 

WM 

31 

2 

5 



G 

Pneumonia 

Empyema 

24 

ETV 

M 

4 

5 

1927 


—1 

Coma 

Record indicates inadequate 










treatment 

2') 

HH 

P 

2 

G 



—1 

Hi poglj eemia* 

Ov ertreated 

2G 

BC 

P 

11 

G 


2 

2 

Comat 

Appendectomy done no at 










tention to the diabetes 

27 

GJ 

P 

4 

1 

1923 

1 

0 

Coma* 

Acidosis almost cleared when 










patient died suddenly no 
cause found at autopsj 

28 

WA 

M 

10 

G 



8 

Comat 

Parents refused to allow diet 










and insulin 

29 

AMT 

P 

7 

10 



—1 

Coma 

Record indicates inadequate 










treatment 

30 

EJ 

P 

8 

3 



—1 

Coma 

Record indicates inadequate 










treatment 

31 

TO 

31 

11 

1 


1 

2 

Lymphosareoma* 

None 

32 

BA 

31 

9 


1929 

3 

11 

Coma 

Lateral sinus thrombosis 

S3 

JL 

P 

14 



5 

9 

Influenza 

Ketosis 

34 

AP 

31 

4 

G 

1930 

4 

2 

Pertussis* 


35 

El 

31 

4 




—1 

Coma* 

Otitis media 

3G 

PC 

P 

8 

2 


8 


Unknown! 


37 

BP 

P 

11 



5 

G 

Unknown! 


38 

LW 

P 

6 

9 

1931 

7 


Cerebral embolus 

Abscess of lung 

39 

ES 

31 

7 

5 


1 


Coma* 

Record indicates inadequate 










treatment 

40 

EE 

M 

5 

10 

1932 

4 


Coma* 

Stopped insulin coma treat- 










ment delayed moribund on 
admission 

41 

BMcR 

P 

1 

5 



—1 

Coma* 

Pneumonia hyperpyrexia 

42 

PH 

31 

1 

10 



G 

Coma 

Stopped insulin coma treat 


ES 








ment delayed died before 
any treatment was given 

43 

M 

11 

4 


1 

G 

Drowning 


44 

MH 

P 

7 

9 

1933 

5 

8 

Coma* 

Hyperpyrexia 

ITlexner’s dysentery acute 

45 

BB 

M 

1 

G 

1934 

1 

4 

Thrombosis of 









lateral sinus 

nephritis 

4G 

CJ 

31 

G 

10 



—1 

Coma* 

Gangrene of small intestine 










with peritonitis possibly due 
to large doses of castor oil 
before admission 

47 

JL 

P 


2 

1935 


—1 

Acute pancreatitis' 

* Ketosis hyperpyrexia 

48 

BIP 

P 

9 



11 

10 

Coma* 

Treatment delayed 

49 

PD 

P 

9 

G 


2 

7 

Coma* 

Stopped insulin treatment 










delayed pneumonia hernia 
tion of cerebellum edema 
of lunge fatty liver hyper- 
plasia thymus 

50 

RZ 

31 

9 

9 

193G 

1 

6 

Pulmonary tuber 

Tuberculosis of spine 









culosis*t 


ol 

DS 

P 

7 

8 



—1 

Pneumonia* 

Pyelitis renal abscesses acute 


JS 








hepatitis fatty liver 

52 

P 

14 

9 


5 

2 

Comat 

Treatment delayed 

53 

RS 

31 

12 

11 


2 

10 

Head injury* 

Cerebral thrombosis pulmo- 


AJ 








nary embolism acute cys 
titis hepatomegaly 

54 

P 

9 


1937 

14 

1 

Pneumococcic 

Pneumococcic pneumonia 


BJ 







meningitis* 

pneumococcic otitis media 
petrocitis 

55 

P 

3 



1 

6 

Coma* 

Stopped insulin coma treat 


ment delaved moribund on 
admission bronchonneu 
monia fterminaD 


* Autopsy 

t Did not die under our care 
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We have subdivided the fifteen yeais of our expeiience with insulin 
into thiee five yeai periods (table 8) 

The steady improvement in the mortality late and the duiation of 
disease m the patients who have died was modified partly by the constant 
addition of new patients \\ho had been exposed to the hazards of diabetes 



Chart 2 — Duration of diabetes m 14 patients who died These patients recened 
no insulin 



Chart 3 — Duration of diabetes in 41 patients who died These patients were 
treated with insulin 

for a shorter peiiod, but we believe it also indicates earhei diagnosis and 
more adequate tieatment 

Of paiticulai interest aie 86 children in wdiom diabetes developed 
prior to January 1928 and for whom insulin tvas available, that is, those 
wdio had an opportunity to live ten years or more Ttventt^-one, or 
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approximately 25 per cent, have died , only 3 of the deaths have occui led 
since 1930 For those exposed less than ten yeais the mortality has 
been 9 2 pei cent 

CAUSES or DEATH 

Inquiry into the causes of death in this entne group shows that 61 8 
per cent of the deaths must be attiibuted dnectly to diabetes The 
highest moitality was naturall)'- in the gioup tieated befoie insulin ^^as 
available, m uhich 79 pei cent died as a lesult of diabetes but we must 
admit that even in the period dining which insulin was given theie was 
no other adequate cause foi 57 pei cent of deaths These figuies aie 
based on the total known causes of death, but the actual cause of death 
was unknown in 5 instances In table 7 are listed the causes of death 
m both peiiods 

In the peiiod befoie insulin was available, 10 of the deaths fiom 
diabetes weie due to uncomplicated coma and 1 to severe acidosis with 
gaiigiene of the nose and malnutrition In the peiiod during which 

Table 8 — Fifteen Yeais' Expciicncc zvith Inziihn 


Period 

New 

Patients 

Patients 
Held 0%’er 

Total 

Total Knoun 
Deaths 

AveraRe 
Duration of 
Diabetes, 
Tears 

Jnnuary 1923 to January 192S 

07 

11 

78 

12 (15 4%) 

19 

Januarv 1928 to January 1933 

126 

00 

192 

17 (8 8%) 

20 

January 1931 to January 1938 

123 

175 

298 

12 (4 0%) 

38 


insulin was given 21, or approximately 50 pei cent, died m coma Theie 
was 1 death due to hypoglycemia and 1 to acute pancreatitis and ketosis 
In 13 cases of diabetic coma theie w^eie no complications, but m 6 of 
these the insulin treatment w-'as stopped oi lefused, and m 2 treatment 
was delayed until too late, in 1 case by the paients and in the other ownng 
to delayed diagnosis Four charts gave definite indication of inadequate 
treatment, and m 1 instance the treatment seemed adequate but sudden 
death ensued aftei the acidosis had cleaied, the cause of wdnch w'as not 
determined even at autopsy In the othei 8 cases of coma theie w’’as a 
severe complication, such as pneumonia in 3 instances, severe enteiitis 
in 1, thioinbosis of the lateral sinus m 1, otitis media in 1, hypei pyrexia 
m 1 and gangrene of the bow^el with peritonitis m 1 (possibly the result 
of huge doses of castor oil administered by the parents befoie 
admission) 

What we may call nondiabetic deaths during the peiiod of admin- 
istration of insulin include 3 due to pneumonia, 1 to myocardial failure 
after diphtheria, 1 to diphtheiia, 1 to 1} mphosai coma, 1 to influenza, 
1 to pertussis, 1 to ceiebial embolism, 1 to diowming, 1 to thioinbosis 
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of the lateial sinus, 1 to pulmonaiy tuberculosis, 1 to mjuiy to the head 
and 1 to pneumococcic meningitis In all of these instances the diabetes 
was under satisfactory control at the time of death 

DURATION or DIABCTES IN THE LIVING 

In the group of patients living at the time of wiitmg (260) we 
eliminated all those m A\hose cases the disease was of less than six 
months’ duiation The longest duiation was seventeen yeais and seven 
months The duiation h}'’ }ears is presented m chart 4 

Two hundred and twent}-fi\e (86 5 per cent) of these children have 
had diabetes foi tvo yeais or over This was about the average duration 



Chart A — Duration of diabetes in 260 patients Ining at tiie time of tins leport 

of life piior to the use of insulin In table 9 we haAe listed the duration 
m years in i elation to the total number m each year gioup It is inter- 
esting to note that 62 7 pei cent have a duration of Hac years or over, 
25 pel cent of ten yeais oi ovei and 5 4 per cent of fifteen }eais or over 

NONFATAL COMPLICATIONS 

There is perhaps no better ^\ay to evaluate the haidihood of these 
diabetic }oungsters and the efficiency of present day treatment than to 
consider the complications which ha^e been successfully met during the 
course of the diabetes (table 10) Sevent 3 '’-three childien have survived 




Table 9 — Duiatimi of Diabetes 


Duration 


No of Patients 


G months or over 

1 year or over 

2 jears or over 

3 years or over 

4 years or over 

5 years or over 

6 years or over 

7 years or over 

8 jears or over 

9 years or over 

10 years or over 

11 years or over 

12 years or over 

13 years or over 

14 years or over 

15 years or over 

16 years or over 

17 years or over 


2G0 

251 

225 (SC oTc) 

2G2 

183 

1G3 (62 77o) 
141 
109 
91 
79 

65 (25%) 

57 

42 

30 

21 

14 (5 4%) 
3 
1 


Table 10 — Nonjaial Complications 


No of 


Complicating Factors Cases 

Ketosis 131 

Coma 73 

Measles 38 

Mumps 14 

Chickenpov. 25 

Infection of upper respiratory tract 105 
Pertussis 19 

Pneumonia 7 

Smallpox 0 

Scarlet fever 4 

Diphtheria 3 

Tonsillitis 46 

Tonsillectomy 43 

Obesity 4S 

Constipation 4 

Appendicitis 12 

Appendectomy 9 

Allergy 8 

Gangrene of nose 3 

Nutritional edema 1 

Enteritis (1 castor bean) 25 

Tracheotomy 1 

Furunculosis 15 

Cellulitis 5 

Typhoid fever 1 * 

Enlarged liver (no jaundice) 5 

Enlarged liver Oaundiee) 1 

Cirrhosis of liver 1 

Needle removed 1 

Antrotomy 1 

Hypoglycemia (1 with hemiplegia) 5 

Penods of spontaneous hypogly 

cemia 1 

Traumatic rupture of spleen 1 

Operation for squint 1 

Hypothyroidism 3 

Vincent’s angina 1 

Dental caries 9 

Food poisoning 1 

Scabies 2 

Pulmonary tuberculosis 1 


No of 


Complicating Factors Cases 

Tuberculous adenitis 1 

Hilus tuberculosis (roentgen) 1 

Adenitis 3 

Ichthyosis 1 

Parotitis (nonspecific) 1 

Anemia 1 

Concussion 1 

Burns With sLin grafting 2 

Poliomyelitis 1 

Herniotomy 1 

Fracture of leg 2 

Fracture of spine 1 

Pregnancy (IS pregnancies) 12 

Abortions 5 

Cesarean sections (7 operations) 6 

Gonorrheal vaginitis 1 

Conjunctivitis 1 

Paronychia 1 

Mastoiditis 1 

Mastoidectomj’^ 1 

Edema (cause unhnovin) 2 

Jaundice (catarrhal) 2 

Cystitis 2 

Pyelitis 3 

Diphtheria carrier 4 

Pleurisj 1 

Abscessed teeth 2 

Ovarian cv st, w ith remov al 1 

Tapeworm 1 

Eetmitis 2 

Cataracts 1 

Pilonidal cj St 1 

Pelvic inflammation with peritonitis 1 
Impetigo 1 

Renal abscesses 1 

Cholecystitis 1 

Roundworms 1 

Neuritis 1 

Hj'sterectomv 1 

Arteriosclerosis 1 
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coma, 33 on moie than one occasion One child was admitted to the hos- 
pital twenty-one times, m each instance the diagnosis of diabetic coma 
was made (This patient is nou maiiied and has a daughtei 3 years of 
age ) One bundled and thirt}-one patients had ketosis of sufficient 
seventy to require eneigetic tieatment, 40 on more than one occasion 
Retinitis was obsened in onl} 2 patients, both females In 1 it 
developed during pregnane} Cataract vas obsened only once Theie 
was only 1 instance m vhich clinical evidence of aiterioscleiosis was 
piesent The incidence of tuheiculosis vas remarkabh low 

Of all the complications the most interesting and probabl} the most 
significant w^as piegnanc} Piior to the period during which insulin was 
given gills having diabetes befoie the si\teenth }ear did not h\e long 
enough, as a rule tomair} Seviial development was dela}ed and total 
amenorrhea was the lule lathei than the exception 


Table 11 — Picseut Diets by load 1 alms 
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A new generation has been added to medical histor} 1 hese giils are 
beginning to many and have children In this grouji there weic eighteen 
pregnancies in 12 women Seven cesaiean sections were peifoimed on 
6 women There w^ere fi\e aboitions one of which was induced because 

of inti actable ketosis and ^omItlng befoie the patient came undei our 

* 

care In another case lysteiectonn was done at the time of the abortion 
The other abortions were spontaneous One child died at hiith There 
w^as no mateinal moitaht} 

Dins 

In planning diets we have not been paiticularh concerned about any 
definite ratios betw'een carboh}drate and fat or between the total availa- 
ble dextiose and fatty acids Oui attention has been given priniaiil} 
to adequate nutrition and giowth for each patient This obviously 
implies adequate protein vitamins and minerals as well as adequate 
calories 

We believe that the impiovement noted among children with diabetes 
during the past decade can be attiibuted almost entiiely to more nearly 
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noimal nutrition rathei than to any particular dietar} scheme As the 
amount of carbohydrate allowed tends to exceed appi oximately 100 Gm 
a day the content of accessoiy factois automatically tends tow^ard optimal 
values Also, as carbohydrate is inci eased fat is automatically decreased 
if the caloric value of the diet is maintained at the same level 

Table 11 gives the food values of the diets with the averages foi each 
111 the various groups based on piesent age grouped by thiee year 
peiiods 

INTELLIGENCE TESTS 

Intelligence latmgs have been made of 62 unselected childien m this 
group At the time of the fii st test the average intelligence quotient w as 
105 4, standard deviation 11 7 T; 0 89 The intelligence quotients of the 
children in this group weie well in advance of the normal distribution 
for unselected childien as indicated b)’- intelligence quotients above 110 
(42 1 per cent), from 90 to 110 inclusive (47 4 per cent) and below'’ 
90 (10 5 per cent) Terman’s normals for unselected children are as 
follows above 110, 20 6 per cent, 91 to 110, 60 per cent, and below 
90, 19 4 per cent 

SUMMARY 

The statistical data m 341 cases of juvenile diabetes aie presented 
No new theories oi pimciples have been developed in the course of the 
study The purpose has been to add to the accumulating data on the 
various phases of juvenile diabetes 



HYPERTHERMIA, GENUINE AND SPURIOUS 
WARD J MacNEAL, MD 

NEW \ORK 

Richet,^ in his monograph on animal heat, tabulated 109 examples 
of hypeitheimia in man with temperatuies ranging from 42 to 44 6 C 
(107 6 to 112 2 F ) Theie weie 13 sur\ivals in this group He rejected 
as unreliable seveial lepoited observations of temperatures fiom 441 
to 50 C with recoveiy and expressed unwillingness to accept as valid 
any observation of temperature abo\e 46 C (1148 F ) This decision 
w'^as based not merel} on clinical studies but on extensne physiologic 
experimentation and observations on various mammals liombourger - 
defined fever as a morbid state resulting fiom exaggeration of proteo- 
lysis and disturbance of the hcat-iegulating mechanism, and he 
designated as hypeithermia a high ele\ation of temperature, whatever 
the cause A fe\ei wuth a tempeiature abo\e 41 C (1058 F) he 
designated as “In perthermic fever’' This author expressed agreement 
wnth Richet He mentioned the famous cases of Jacobi and of Heber 
Jones, as w'ell as the patient of Du Castel " who b} tapping the upper 
end of the theimometer succeeded in legisteimg a temperature above 
160 C (320 F ) He added the caustic lemark that in France one 
exeicises reserve in repoiting cases of this sort contrar} to the custom 
111 ceitain countiies Pie tabulated 33 cases of hyperthermia leported 
111 the liteiature since Richet and added 1 new' case of his own, in which 
the maximum tenipei ature w'as 442 C (1116F), wuth recoi er} 

The clinical icports of In pertherniia may be giouped into different 
classes (1) instances of piovcd trickei} in which the thermometer 
has been caused to legistei a high temperature In artificial means not 
related to body heat, (2) instances of suspected tricker} not clearly 
pioved, (3) hysterical fevei, (4) h}perthermia originating in dis- 
turbance of the cential neivous system, (5) hypeitheimia of heat stroke, 
(6) therapeutic hyperthermia, (7) fever of disoidered metabolism and 
intoxications, (8) fevei of infectious disease and (9) hypertheimia of 
complex causation 

From the Department of Pathology and Bacteriology, New' York Post- 
Graduate Medical School and Hospital 

1 Richet, C La chaleur animalc. Pans, Felix Alcan, 1889 

2 Hombourger, P Les fievres hyperthermiques. Thesis, Pans, no 126, 1919 

3 Du Castel Simulation thermique chez une hysterique. Bull et mem 
Soc med d hop de Pans 1 174 (April 25) 1884 
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Hypcjfhejiiua of Tnckeiy — Some of the classic examples of 
fraudulent hypeithermia are worthy of brief mention Early in 1880, 
Little^ obseived a woman aged 23 years m the Adelaide Hospital, 
Dublin, Ireland, who had fallen on the back of her head some days 
before On April 19 her axillary temperature registered 115 F, and 
the same reading was obtained at 5 a m on Apiil 20 A few hours later 
the Fahrenheit thermometer registered 99 4 On Monday, April 26, 
a temperatuie of 125 5 F was lecorded, and later the tempeiature was 
127 F on two occasions Subsequently it leached 130 8 F Late in 
May the patient appealed to be convalescent Mackenzie,® in a letter 
to the medical publication m which the case had been reported, suggested 
to Little that he take the tempeiatuie always with two oi more 
thei mometers simultaneously Mackenzie ® himself was at that time 
observing a woman at the London Hospital, whose case was later 
reported to the Cluneal Society This patient was admitted Feb 25, 
1879, with a painful stump aftei amputation at the thigh in 1878 The 
temperatuie registered 108 and 111 F on different occasions Aftei 
surgical levision of the stump she was discharged in August She was 
leadmitted on October 21, and another piece of bone was removed from 
the amputation stump In Januaiy 1880 theie were numerous recordings 
of tempeiatures between 108 and 114 F and recoids of a tempeiature 
of 114 2 F on Januaiy 16, 120 8 F on January 22, 116 6 F on Januaiy 
23 and 116 8 F on January 26 The patient was readmitted on August 
16, and the theimometer again registered high temperatuies Simul- 
taneous records with two or more thermometers were inconsistent , two 
instiuments in the same axilla legistered 105 5 and 101 F respectively, 
and simultaneously with an oral and rectal temperature of 98 6 F the 
axillary temperature was 104 6 F Later the patient confessed that she 
had applied poultices and hot water bottles to the thei mometers 
Mahomed," in the discussion of this case, reported a similar one, in which 
the patient was able to produce all sorts of variations in the readings, 
from noimal to 120 F At one time simultaneous recoids with three 
instruments gave readings of 107 F in the mouth, 102 F in one axilla 
and 114 F m the other axilla Once a leading of 128 F was recorded 
The patient’s technical method was never discovered Newnham ® who 

4 Little, J Case of Hyperpyrexia in Adelaide Hospital, Dublin, M Times 
& Gaz 1 457 (April 24) , 482 (May 1) , 510 (May 8) , 585 (May 29) 1880 

5 Mackenzie, S Abnormally High Temperatures, M Times & Gaz 1 620 
(June 5) 1880 

6 Mackenzie, S A Case of Excessively High Temperatures, Lancet 2 
796 (Nov 5) 1881 

7 Mahomed, FA A Case of Excessively High Temperatures, Lancet 2 
796 (Nov 5) 1881 

8 Newnham, W H C Hyperpyrexia, Lancet 2 894 (Nov 19) 1881 
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served as medical ward cleik and observed the patient closely from 
Dec 1, 1879 to Feb 28, 1880, was at fiist skeptical but w^as eventually 
convinced that the high temperatures of this patient w^ere genuine With 
his fingers m the axilla and without the slightest friction against the 
thermometer he observed temperatuies of 109 and 111 F The skin 
felt burning hot It seems, therefore, that this patient may have had 
genuine as well as fiaudulent hypertheimia 

Galbraith,^ m 1891, leported the “Omaha case” The patient w^as 
a married woman aged 26 She w’-as thought to have an abdominal 
pregnancy Many fragments of bone (over 1.000) weie remo\ed from 
hei vagina and rectum fiom time to time, wdiich later w^ere found to 
be bones of buds and mammals (chicken, mutton or beef bones) 
Temperatures of 112, 96, 107, 125, 145, 117, 145 and 98 F w^eie 
recorded At one time a temiieiatuie of 112 F w^as recorded 
simultaneous!}'’ by tw'o thermometeis, one beneath the tongue and one 
m the axilla, but it seems that 112 F w'as the uppermost limit of the 
columns With special thermometeis simultaneous readings at one time 
w'ere 145 F in the axilla and 125 F beneath the tongue Half an hour 
later the tempeiature was 98 F With eveiy precaution to detect fraud, 
wuth the patient nude and sitting in a chair, simultaneous obser^atlons 
of the temperature m the axilla and under the tongue were 137 and 
131 F lespectively On anothei occasion the axillar} temperature was 
recorded as 131 F wdiile the temperature simultaneously registered m 
the popliteal space was below normal The highest temperature 
observed by the ph}sician w'as 151 F ljut the hospital nurse made one 
record of 171 F The fiaudulent chaiactei of this patient was latei 
exposed by Summers and Poe but they w ere not able to elucidate 
the technic by w'hich the remarkable thermometric recoids had been 
produced Apparently hot w'ater w^as sometimes employed but this 
could hardly explain the obsenations of Galbraith 

Jones, m 1891, leported the case of a girl aged 14 whose tem- 
perature on various occasions had been recorded as 108, 109, 114, 97, 
114 115, 115, 135, 150, 156 and 99 5 F When this patient w'as seen 
by Holdei, she was able to produce apparent axillaiy temperatures of 
98, 103, 114 4 and 97 F w^ithin a few minutes The giil w'as an athlete 
and a contortionist, but her technic foi causing high thermometiic 

9 Galbraith, W J A Remarkable Case, J A M A 16 407 (March 21) 

1891 

10 Summers, J E Omaha’s “Remarkable Case” of High Temperature An 
Undoubted Hysterical Fake, Omaha Clin 4 115 (Sept ) 1891 

11 Poe, C T A Chronic Malingerer, Omaha Clin 4 269 (Feb ) 1892 

12 Jones, H A Case of Wonderful Temperature, Memphis M Month 11 
252 (June) 1891, High Temperature, 150” F, ibid 11 445 (Oct) 1891 
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leadings has not been explained Jones considered hei to be fiee from 
guile and trustworthy in eveiy respect 

Jacobi/^ in 1895, presented before a distinguished audience his 
lepoit of a man aged 29 observed at the German Hospital, New Yoik, 
m January 1893 The tempeiatures of this patient had been lecoided 
as 111, 112, 113 4, 117, 118, 123, 135, 131, 136, 133, 124, 148, 136, 137, 
148, 135, 132, 135, 142, 148, 115 8, 113, 109 8, 143 8. 142, 125 and 132 F 
A few days later (Maich 13) he stole away fiom the hospital In the dis- 
cussion of this case, William H Welch expressed himself as completely 
skeptical of the tiustwoithiness of the observations, George Dock asked 
about the tempeiature of the fleshly voided urine (which had not been 
tested ) , Wilham Oslei asked about the beat of the abdominal skin 
Jacobi, howevei, insisted that his obseivations repiesented facts 

With all due lespect for the skill and integrity of the obseivers, 
one must shaie the total skepticism of Welch m regaid to the validit} 
of these recoided obseivations of the temperature of the human body 
One must theiefoie consign these examples to the first two of the afoie- 
mentioned classes of h} peithermia, namely, instances of proved trickery 
01 of suspected trickery not clearl} pioved, in which the high thermo- 
metric 1 eadings ai e evidently not related to body heat 

The technical methods by which false high thermometric readings 
(fever of the thermometei) may be pioduced have not been fully 
elucidated When the patient has access to a hot w’^atei bottle, a steam 
pipe near the bed or some other souice of external heat, this would 
seem to ofifei the simplest means of forcing up the column in the 
theimometei No especial skill is required to accomplish this result 
Anothei tuck depends on fiiction If one holds the theimometer shaft 
parallel to the index fingei with the bulb firmly pressed into the ball 
of the finger and then rubs this bulb and the adjacent finger tissue 
vigorously with firm pressure on a taut piece of cloth, one will quickly 
sense the inci eased tempeiatuie m the finger, and the column m the 
theimometer may be caused to record a high temperature This can 
be accomplished with one hand Another technic, requiring slightly 
more skill and practice, consists m holding the theimometer with the 
bulb tightly pressed between the thumb and the forefinger while the 
forefinger is vigoiously lubbed up and down on the thumb and on the 
compressed theimometei bulb Another procedure depends not on 
heating the theimometer but on displacement of the column of mercury 
by mechanical jarring By vigorously snapping the upper end of the 
thermometer with the fingei oi thumb so as to drive the glass toward 
the bulb, one may displace the column of meicury tow^ard the top of 

13 Jacobi, A Hypertherm> in a Man up to 148° F (64 4° C ), Tr A Am 
Physicians 10 158 (Ma\) 1895 
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the instrument The mercury column may become separated (broken 
column) so that there are vacant spaces m it along the shaft, but when 
one has deA’^eloped sufficient skill it is possible to get the mercuiy up 
to a high le\el without a break in the column Such tapping may be 
accomplished with one hand if the bulb of the instrument is held in 
the mouth, the axilla the rectum or the a agina The procedure requires 
some technical skill, and a noise is produced by the tapping which may 
be heard b}"- a patient in the neighboring bed The height of the 
reading attainable by this method is limited only by the length of the 
capillar}'^ of the instrument One ma}' also displace the mercur}’^ upnard 
b}' swinging the theimometer in a narrow aic with the bulb neaier the 
centei of rotation a manipulation just the re\erse of that used to throw 
down the meicur} column before use This trick nearly always produces 
a broken column of mercur\ With experimentation and practice I 
ha^e become reasonabl} adept in these technical procedures 

Other fraudulent tricks are suggested m the literature on h\per- 
thermia jMahomed stated that one ma\ produce a high reading b} 
flapping the thermometer bulb in silk, inserting it in the mouth, 
inhaling thiough the nose and then exhaling through the mouth I 
ha\e not been able to confirm this It has been suggested also that 
muscular movement may produce heat of friction in the axilla so as 
to cause a fraudulent high leading and that one ma} rub the thermometer 
bulb V ith the tongue or produce friction b} rapidh repeated contraction 
of the sphincter muscles so as to give rise to fraudulent high leadings 
for oral or rectal tempeiaturcs I ha^e entire!} failed to confirm these 
suggestions even after the expenditure of considerable effort Of 
course a special technical skill ma} be m^ol\ed ■which I have failed 
to master 

In ordei to avoid deception h\ these oi other tricks the ph}sician 
ma} have lecouise to multiple simultaneous obser\ations of the tem- 
perature One or more thermometers ma} be placed in each axilla, 
another beneath the tongue and another in the rectum the stem of each 
instrument being held steadih b} the hand of an obser\er and never 
entiusted to the patient Reasonable agreement of the readings \\ould 
indicate rehabilit}, while a marked -variation shown b} one or more 
of the thermometers wmuld point to error or fraud The tempeiature 
of the freshly \oided urine and feces should also be obseived 

Hysfeucal Fcvei — The recognition of Iwstencal fe^er and hyper- 
thermia originating m distuibance of the central nervous s}stem is 
justified in part b} animal experimentation Richet b} passing a needle 
into the brain of the labbit w^as able to cause a use in temperature 
from 39 2 C (102 6 F ) to 42 5 C (1085 F) wuthout othei lecog- 
nizable alterations in beha^ lor of the animal He w^as unable to 
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recognize a localized “heat center,” however, and even today there is 
no certain agreement in regard to the exact portions of the brain 
concerned with this phenomenon Examples which may be tentatnel} 
assigned to these categories are not wanting m the literature 

Crouzet accepted hysterical fever as a definite entity, distinct from 
the hypertheimia of trickery, or fever of the thermometer He revie\\ed 
m considerable detail numeious examples of this condition desciibed 
m the literature previous to 1895 Nearly all of the patients ^^ere 
women with other manifestations of hysteria The temperature cuives 
weie extremely variable, and as a rule the physical well-being of the 
l^atient was remaikably good considering the temperatuies recoided 
Ciouzet attempted to classify the conditions under such headings as 
(1) hysterical fever proper and (2) hysterical fe\ei with visceral 
pseudodisease, that is, pseudotyphoid, pseudonienmgitis, pseudo disease 
of the lung, pseudoperitonitis or pseudomalai la However, he con- 
sidered such a classification piemature 

The manifestations of hysteiia present difficulties m differential 
diagnosis, and it seems probable that cases of the hyperthermia of 
trickery and hyperthermia associated with genuine gross organic disease 
of the central neivous system have been repoited fiom time to time as 
examples of hysterical fever The lines dividing the thiee classes of 
hypeitheimia may theiefoie be considered as not sharply defined 

Soulier^® has recorded an example of hypeitheimia apparently best 
designated as hysterical fevei The patient, a delicate woman, after a 
serious disappointment on Sunday morning fell into a narcoleptic 
state She was absolutely insensible The following night her tem- 
perature (axillary and vaginal) reached 44 C (1112F) On Monday 
and on Tuesday the temperature leached the same level The patient 
recovered on the fifth day without memory of the events preceding 
the tiance The profound slumbei resembled chloioform narcosis 
Deception seems to have been lehably excluded m this case 

A moie recent example of hysteria or of tiickery has been recorded 
by Lhermitte and Aman-Jean,^“ and it illustrates the difficulty of 
distinguishing the two The patient, a woman aged 44, received several 
applications of radium to a carcinomatous uterine ceivix On May 23 
(1936) she had severe chills and violent hallucinations, and the tem- 
perature of 43 C (109 4 F) was recorded by three thermometers 
For seven days the rectal tempeiature was between 40 and 43 C (104 

14 Crouzet, M La fievre hystenque. Thesis, Pans, no 10, Pans, G Stem- 
heil, 1895 

15 Soulier, H Hyperthermie apyretique correlative avec etat narcoleptique, 
Lyon med 93 5 (Jan 7) 1900 

16 Lhermitte, J, and Aman-Jean, F Hyperthermie et pithiatisme La fie\re 
du thermometre, Rev neurol 67 206 (Feb ) 1937 
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and 109 4 F ) At 7 a in on May 30 she was given a capsule of inethyl- 
thionine chloride (methylene blue) and A\as told that if her urine became 
blue she Avould experience a severe chill and would then recover At 10 
p m there was a violent chill , the urine was blue, and the temperature 
at 6 a m on Ma}^ 31 was normal There was no more fever, and the 
patient was discharged June 6 Great care was exercised to prevent 
fraud While the thermometer was in the rectum there was no move- 
ment of the thighs , nevertheless, the authors concluded that the 
temperatures were fraudulent and recognized that some persons possess 
exti aordinary talents (out of all proportion to their mediocre or inferior 
intelligence) for trickery which even the most scrupulous observers may 
not detect The hyperthermia in this case might be considered by some 
as hysterical fe\er 

Hypcithctuua Ref o able to the Cental Nenous System — H}per- 
thermia in association with severe trauma or infectious lesions of the 
brain or of the upper part of the cervical portion of the spinal cord 
has been lepeatedly obserACcl In many instances there can be no 
ground foi suspicion of fraud because of the desperate condition of 
the patient who may e\eu be in coma Biodie,^' in 1837 seems to 
have reported the first example the case of a man with a fatal fracture 
of the ceivical portion of the spine, Mith a temperature of 43 9 C 
(111 F) iMaegregor obser\ed a man aged 76 m terminal coma 
apparently due to cerebial hemorrhage with an axillary temperature of 
109 F three houis before death Masse\ and Carter recorded terminal 
hyperthermia in a man aged 27, in whom an abscess of the brain 
dcA eloped two days after mastoidectoin) \\ith an axillaiy temperature 
of 1086 F shoith before death Maceweii'" reported the case of a 
}Outh aged 19 with a ceiebellar abscess uho shoued a temperature range 
fiom 104 to 108 F on the day of his death Many similar examples 
have been leported 

Hypei thennia of Heat St>okc — H}peithermia of heat stroke or 
sunstroke not uncommonly reaches a temperatuie of 110 F or above 
Oslei stated on the authoiity of F A Packard that 31 patients with 
sunstioke were admitted to the Penns^hania Hospital in the summer 
of 1887 and the tempeiature of the majoiit} was between 110 and 

17 Brodie, B , cited b-\ Hambourger^ 

18 Maegregor, D A Case of Hjpcrp 3 TeMa with Coma, Bnt J 1 1199 
(May 16) 1896 

19 Massej", A, and Carter, H S Terminal Hj perpj rexia, Bnt M J 2 
922 (Nov 11) 1922 

20 Macew’en, W Pj'Ogenic Infective Diseases of the Brain and Spinal Cord, 
Meningitis, Abscess of Brain, Infective Sinus Thrombosis, Glasgow', James Macle- 
hose & Sons, 1893 
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111 F Muscular activity without adequate dispersion of heat from the 
body would seem to be important m this condition 

Therapeutic Hypei thenina — Theiapeutic hyperthermia represents a 
relativel}^ recent development It ma)'- be induced by infection (malaria), 
by intoxication (typhoid vaccine), by bactericidal or bacteriostatic 
chemicals, by bacteriophage, by application of external heat or by use 
of other forms of ladiant energy Because of the practical application 
of these measuies in the treatment of disease conditions, a rather 
voluminous literatuie relating to them has already accumulated, and 
active investigations are in progress A review of these artificially 
induced fevers would lead beyond the scope of the piesent paper 

Fevei of Dtsoidered Metabolism and Intoxications — Of the 
metabolic fe\ers, peihaps the best known is that associated with 
exophthalmic goitei, in which disease there is a delinitel)^ demonstrable 
overproduction of body heat as the lesult of excessne oxidation 
However, the temperature in this disease does not ordinarily approach 
the level of hyperthermia Drug intoxications may be associated with 
elevated temperature In strychnine poisoning the muscular spasms 
lead to increased heat pioduction Other poisons, such as aconitine, 
colchicine, digitalme and especially reiatrine, have been found to induce 
high tempeiatuies (45 6 C, or 114 F ) in dogs Ricliet and (later) 
Hombouiger have reported expeiimental observations m this category 

Fevei of Infectious Disease — ^Elevation of body temperature asso- 
ciated with active infection is so common that the casual observer often 
considers one the necessary companion of the other, and some would 
maintain that elevation of temperatuie in infection constitutes the only 
genuine fever, all other examples of increased temperature being placed 
by them in other categoiies Very high temperatures have been 
observed, especially m cases of scarlet fever, rheumatic fevei, 
pneumonia, malaria, tetanus, t}phoid fever, abscess of the liver, 
meningitis, pueiperal sepsis and other bacteremias When, however, 
the temperature reaches the level of hyperthermia (41 "C or 105 8 F ) 
one is inclined to consider the infectious fever as dangerous to life 
itself Probably physicians have been accustomed m the past to ascribe 
too gieat importance to high temperature when, in fact, the danger is 
due to other disturbances of which the temperature is merely one 
manifestation 

Hypeitheimia of Complex Causation — ^Under this caption should 
be mentioned examples of infectious fever in which fuither increase 
of tempeiature is induced by therapeutic measures, such as the use of 
typhoid vaccine for chorea, external heat for rheumatic fever and 
injection of mercurochrome and therapeutic serum or bacteriophage for 
septic conditions (Hugh Young leaction) One also includes examples 
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in which the patient, having had a fever due to infection, finds it con- 
venient and piofitable to peipetuate the kindly care by production of 
fraudulent high temperatuie leadings One easily visualizes the suc- 
cessive stages of this condition, which mav eventuall} be terminated by 
detection of fraud 

SUMMAR\ 

1 Temperatuies above 46 C (1148 F ) in man should generally 
be consideied the result of fiaud oi tiickei} and aie not to be accepted 
without moie coiiMncing pi oof than has, so fai, been piesenled m any 
instance 

2 Tempeiature leadings between 41 C (105 8 F ) and 46 C (114 8 
F ) propel 1} designated as hypeitheimia, should he accepted as valid 
onl} aftei the most careful scrutiny of the cMdence in each case 

3 Some of the technical tucks foi pioducmg false temperatuie 
leadings have been exposed and safeguaids against deception indicated 

4 Appaienth theie is a genuine Inpeithermia of hysteiical oiigin, 
and ceitamh theie is hypeithermia due to lesions of the cential neivous 
S}Stem, to heat stioke, to intentional application of excessive external 
heat and othei therapeutic thermic proceduies to intoxications and to 
infectious diseases 
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Examples of temperatures of 45 C (113 F ) m man aie sufficiently 
uncommon to deserve careful study and report, and examples of tem- 
peiatures above 40 C (104 F ) persisting for several weeks at this 
level are also unusual At times, patients with such temperatures have 
been made the subjects of undesirable publicity They piesent piob- 
lems which aie not yet completely elucidated Osier,’- m 1909, said 

It IS a suggestive fact that the cases of paradoxical temperatures reported of 
late years, in which the thermometer has registered 112° to 120° or more, have 
been in women Fraud has been practised in some of these, but others have to 
be accepted, though their explanation is impossible under our known law^s 

This statement still holds tiue m 1939 For these reasons the fol- 
lowing case repoit is presented m considei able detail 

REPORT OF CASE 

S V, a white woman, was born in the United States on Dec 24, 1911 Her 
father was killed in the World War Her mother, tw^o brothers and one sistei 
were living and well She had had measles and chickenpox Otherwise she had 
been well until 1934, when, during her training as a student nurse, she had an 
attack of cholecystitis treated by cholecystectomy Later, while employed as a 
graduate nurse in a hospital in Philadelphia, she had an infection in her left index 
finger, apparently due to a hemolytic streptococcus She was treated at the 
Infirmary of the Philadelphia Hospital for Contagious Diseases on March 8, 1936 
and subsequently The finger was incised several times, and the distal phalanx 
was amputated For a long time afterward the patient continued to have a tem- 
perature between 100 and 102 F for Avhich there was no evident cause Later 
there developed abdominal pain, and she was sent to the Philadelphia General 
Hospital for study There the finger was curetted, but it failed to heal, and on 

From the Department of Pathology and Bacteriology and the Department of 
Surgery, New York Post-Graduate Medical School and Hospital 

1 Osier, W , and McCrae, T The Principles and Practice of Medicine, ed 
7, New York, D Appleton & Co , 1909 
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August 6 a further amputation of the left index finger was performed The patient 
did not make a satisfactory lecovery, the fever continued, with pain in the right 
lower quadrant of the abdomen and vomiting At this time, October 1936, there 
was no evidence of osteomyelitis of the stump Roentgen study of the gastro- 
intestinal series and of the colon after a barium sulfate enema gave negative results 
A retrograde pyelograin of the right kidney at tins time was normal The lungs 
and heart were normal Pelvic examination showed retroversion of the uterus 
but nothing to account for the fever Repeated blood cultures gave negative results 
The e 3 '-egrounds were normal The basal metabolic rate was — 17 per cent 
The patient was considered definitelj’- h 3 'sterical and at times was suspected of 
having a psychosis Psychiatric examination failed to confirm this The tempera- 
ture remained between 98 6 and 101 F The red blood cell count remained near 
4,000,000 and the hemoglobin at 80 per cent The white blood cell count varied 
from 6 000 to 9,000, and the percentage of pol 3 'morphonuclear leukoc 3 tes vas ne\er 
above 56 On October 10 a partl 3 obliterated appendix was remo\ed, and the 
operation appeared to be without influence on the condition of the patient After 
her return to duty tlie amputation stump of the left index finger remained tender, 
and from time to time there was a discharge of pus from sinuses which would close 
in the intervals The first plialanx of the finger remained 

On June 9, 1937, the patient w'as again admitted to tlic Infirmar 3 ' of the Phila- 
delphia Hospital for Contagious Diseases, because of edema of the ankles and 
unexplained fever The w'hite blood cell count was 4,400, with 39 per cent pol 3 '- 
morphonuclears The temperature subsided, and the patient was discliargcd on 
June 18, still presenting an unsohed problem 

Late in 1937 she moved to New York c!t\ and w'as emplo 3 ed as a nurse at 
the Willard Parker Hospital and later (until J^Iarch 1938) at the Hudson Count 3 
Hospital in New' Jersey After April 1 she was emplo 3 cd in the women’s surgical 
service at the New' York Post-Graduate Medical School and Hospital Because 
of the tenderness and intermittent opening of sinuses in the stump of the finger, 
she W'as admitted as a patient on June 21 for surgical revision of this stump, ha\- 
ing remained on duty on June 20 At the operation at 5 49 p m, June 21, with 
the patient under nitrogen monoxide and 0 x 3 gen anesthesia, the old scar was 
excised The distal half of the proximal phalanx of the left index finger was 
found softened and was removed with a rongeui down to the beginning of the 
articular flare The wound was sutured, one rubber band being inserted for 
drainage The operation was finished in six minutes No record was made of 
microscopic or cultural examination of material removed at this operation 

The outstanding features of the subsequent record arc shown in figure 1 On 
return from the operating room the patient was restless, threshing about in the 
bed and talking irrationally through the night Side boards were placed on the 
bed at midnight One-sixth grain (0 01 Gm ) of morphine was giv'en at 9 p m , 
and this dose w'as repeated at 1 30 a m The pain in the hand seemed be 3 'ond 
control In addition, there w'as severe general itching, apparcntl 3 ' unexplained 
Her complaints were so out of proportion to the v'lsible evidence of disease that 
she was considered hysterical Sedativ'es w'ere employed frequentl 3 evcr 3 da 3 She 


was up in a chair on June 23, but on June 24 her pulse rate reached 130 and her 
temperature 100 F On this date the following progress note was made “The 
patient appears criticall 3 ' ill — deh 3 'drated ” On the next dav the dressings weie 
removed from the finger, and daily soaks of the hand m hot saline solution were 
instituted On June 28 she walked to the bathroom, and on her return she became 
dizzy and fell to the floor, without ev'ident injury After removal of the dram, 
on June 29, she seemed more comfortable On July 1 she tried to walk again 
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but was unsteady on her feet, and that eveiung she was depressed and had a pro- 
longed weeping spell, eventuall}' becoming quiet at 2 45 a m Itching of the 
skin returned on July 2 She was allowed to be out of bed on July 3 and 4, and 
her temperature had begun to rise On July 5 a medical consultant discovered 
an icteric tint of the scleras and many petechiae, varying from pinpoint size to 
2 mm in diameter, ovei the anterior and lateral thoracic regions and slight tender- 
ness in the right upper quadrant of the abdomen According to the patient, the 
spots on the skin first appeared on July 2 and had appeared in ciops since then 
A blood culture was requested On July 6 the icterus index of the blood w'as 18 8, 
the values for nonprotein nitrogen and dextrose were normal Roentgen examina- 
tion of the thorax gave negative results Blood for culture w'as taken at 8 20 p m , 
when the temperature had reached 104 4 F The culture remained sterile A 
blood count showed 3,210,000 red blood cells and 3,650 white blood cells per cubic 
millimeter, with 69 per cent polymorphonuclears During the next few days there 
was persistent severe headache, for which an ice cap was used continuously The 
patient was seen by v>'arious consultants, and the medical consultants agreed on a 
diagnosis of septicemia The pain in the right upper quadrant of the abdomen 
continued and became moie severe A culture of blood taken on July 8 yielded 
on July 12 3 colonies of Staphylococcus aureus per cubic centimeter of blood 
Meanwhile, on July 7, intravenous infusion of 5 per cent dextrose, 2 liters per 
day, was instituted, and a transfusion of 360 cc was given on July 9 Exudate 
from the wound on the finger was taken for bacteriologic study on July 10, and 
Staphylococcus aureus was found in pure culture 

On July 11 blood was taken for culture at 1 45 p m The culture showed 44 
colonies of Staphylococcus aureus per cubic centimeter of blood after twenty hours’ 
incubation and 46 colonies pei cubic centimeter of blood after incubation for ninety- 
six hours At 1 47 p m on July 11 an intravenous dose of 2 cc of stock aspara- 
gine staphylococcus bacteriophage was given and 8 cc of the same phage was 
needled to the soft tissues of the suppurating finger stump The patient’s tempera- 
ture rose to 106 F at 8 p m , and at 9 p m blood was taken for another culture, 
which remained sterile In fact, all subsequent blood cultures, of blood taken on 
July 13, 15, 18 and 28, August 11 and 19, September 7 and 26 and October 4 and 7 
remained sterile When, how^ever, the culture of blood taken at 1 45 p m on 
July 11 showed 44 colonies per cubic centimeter of blood on the following morning, 
it was decided to administer bacteriophage in a series of doses to induce a shock 
reaction Intravenous injections weie given as follows 8 47 a m , 2 cc , 9 25 
a m , 3 cc , 10 03 a m , 5 cc , 10 48 a m , 7 cc , 11 25 a m , 10 cc , 12 04 
p m , 13 cc , 12 40 p m , 15 cc , 1 24 p m , 20 cc , 2 03 p m , 25 cc , 2 47 
p m , 30 cc , 3 32 p m , 30 cc , and 4 16 p m , 40 cc This made a total of 
200 cc of the stock asparagine staphylococcus bacteriophage given intravenously 
in seven hours and twenty-nine minutes The temperatuie was found to be 107 F 
just after the last injection was given At 5 p m it registered 108 F, and at 
6 p m It was 110 2 F, with a respiratory rate of 42 and a pulse rate of 100 
After an alcohol sponge the temperature was 108 F (about 6 30 p m ) The 
patient then had a chill lasting three minutes At 7 p m the temperature was 
down to 104 2 F, and at 8 p m it reached its peak at 113 F Several rectal 
thermometers were broken before it was possible to get one with a sufficiently 
long column The skin was burning hot The temperature observations were 
taken under the eye of a physician and are valid without question A tepid sponge 
with 50 per cent alcohol w^as follow'^ed by temperatures of 108 4 F at 9 p m , 109 4 
F at 10 30 p m and 109 4 F at 11 p m Rectal irrigation with ice water was 
proposed and was discarded as too dangerous An intravenous infusion of 5 per 
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Fig 1 — Abbreviated clinical record of S V TJie maMnnim temperature of 
113 F was reached on July 12, after intravenous injection of 200 cc of staplijlo- 
coccus bacteriophage in divided doses There were anuria from July 19 to Julv 22 
and hematuria from July 27 to August 3 Bacteriophage was administered intra- 
venously and locally once or tw'ice on almost every day, and dextrose solution m 
physiologic solution of sodium chloride was given intravenously, usuallj'’ 2,000 cc 
per day The left index finger was disarticulated at the base of the first pha'anx 
on September 17 After this there w'as aggrav'ation of the urologic symptoms 
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cent dextrose in saline solution at room temperature was started at 10 45 p m , 
and at 11 30 this was chilled by application of ice bags to the infusion tube A 
total amount of 2,000 cc was given fiom 10 45 p m to 2 00 a m At midnight 
the temperature had come down to 99 4 F , and the infusion w as allowed to pro- 
ceed at room temperature At 1 00 a m the patient’s temperature was 996 F , 
at 3 00 a m , 102 , at 4 00 a m , 100, and at 6 30 a m , 103 Catamenia began 
at 10 45 p m , July 12, and there were complaints of pelvic cramps in the early 
morning of July 13, but the patient slept for a while after 11 p m, and on the 
morning of July 13 she seemed none the worse for her extreme febrile reaction 
Her blood pressure was 108 systolic and 75 diastolic Transfusion of 520 cc of 
citrated blood in divided doses (fractional transfusion) was given during the da} 
and 155 cc on July 14 The patient seemed distinctly better, but the temperature 
would not stay down Bacteriophage by intravenous injection morning and e\e- 
ning was continued in 10 cc doses, stock phage on July 13 and specific phage in 

10 cc doses on July 14, then reduced to 5 cc doses on July 15 and 16 and to 2 
cc doses on July 17 The temperature rose to 112 at 8 p m July 17, suggesting 
that these smaller doses were inadequate 

On Monday morning (July 18) a progress note was made “The patient 
appears bright She seems tired but not exhausted The heart sounds are rather 
w^eak and the pulse relatively slow"^ The blood pressure is 108 systolic and 78 
diastolic The relatively slow pulse wnth such high temperatures suggests a pos- 
sible purulent lesion wnthin the cranium It seems certain that there are pyemic 
abscesses Tenderness in the right side, over the upper pole of the right kidney, 
suggests that this may be one site of abscess The liver seems not to be enlarged 
The neck is not rigid ’’ A senes of doses of phage to a total of 100 cc was given 
intravenously on this day 

Because of the persistent fevei, intravenous injections of neoarsphenamine were 
given, 0 3 Gm on July 16 and 0 6 Gm on July 19 From 10 p m on July 19 to 

11 30 a m on July 22, a period of about sixty hours, no mine was passed and 
percussion of the low'er part of the abdomen did not reveal any dilatation of the 
bladder until neai the end of the period The urine passed naturally at 11 30 
a m July 22 was red with blood Ophthalmologic consultation on July 22, w'lth 
careful examination of the fundi, revealed no evidence of abnormality On July 
23, how'ever, the neck w'as slightly rigid, and a medical consultant recommended 
spinal tap, wdiich w'as not done Dextrose solution, 10 per cent in saline solution, 
w'as given daily, 2 liters every tw'enty-four hours, and the urine became free from 
blood on July 25 Another intravenous injection of neoarsphenamine (0 2 Gm ) 
w'as given on July 25 That night there was a chill lasting tw^enty-five minutes 
and a rise in temperature to 109 F and from July 27 to August 3 there w^as ahvays 
blood in the urine It w^as decided to discontinue the arsphenamine 

A progress note on July 30, 1938, at 9 45 a m included the following data 
“The patient appears bright and chatty, wdiich is remarkable m consideration of 
her temperature Her circulation is good The urine passed at 5 a m contains 
red blood cells, about 20 per high powder field in the fresh specimen The 
absence of pus is remarkable and suggests that the blood may be due to something 
else than a renal infarct, possibly to a concretion or to diffuse toxic nephritis 
One IS therefore persuaded that the tenderness below^ the ribs in the back may 
be of hepatic rather than renal origin Staphylococcus aureus w'as abundantly 
present in the specimen of blood taken for culture on July 11, 1938, but cultures 
of four specimens taken since bacteriophage therapy w^as begun have remained 
sterile The continued high temperature wuth hyperpyrexia at night w'ould seem 
to be related to lesions in the brain, probably several small abscesses or a single 
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larger one in a region influencing heat regulation There seems to be reason to 
hope that this lesion maj-^ be gradually walled oliF and organized by continuation 
of the present program The urinary bleeding seems to have some relation to the 
administration of neoarsphenamine, and the use of this drug is being discontinued 
for the present ” 

On August 8 it was decided to discontinue the bacteriophage treatment, and on 
August 10 the patient was ob\iously much worse At midnight her temperature 
reached 110 F and blood again appeared in the urine On the next morning there 
was rather severe renal colic Bacteriophage treatment was renewed at 10 a m 
and continued dail}"^ Blood \\as given intrav enouslv , 300 cc on August 11, 270 
cc on August 12 and 40 cc on August 13 

The dail)" routine at this time included irrigation of the finger stump with 10 
cc of phage, the intravenous injection of phage morning and afternoon and the 
intravenous administration of 2 liters of 10 per cent dextrose in saline solution, 
later changed to 5 per cent dextrose m saline solution (September 10) The patient 
'mmited part of every feeding, but her nutrition was remarkablj well maintained 
There was no emaciation She was delirious and sometimes violent at night but 
nearly alwaj's rational during the daj Severe headache was persistent, and an 
ice cap was used continuously On August 13 menstruation was evident, and on 
August 14 there were numerous swollen red v\ heals on the face On August 15 
and thereafter the patient was taken out on the roof for about a half-hour almost 
daily, and from September 21 to October 7 sbe was given dailv treatment with 
ultraviolet rays 

Roentgen examination of the abdomen on August 20 gave negative results, and 
similar examination of the finger stump on August 27 revealed continuing osteo- 
myelitis Tiic ocular fundi were examined b\ two consultant ophthalmologists 
on July 22, September 6, September 12 and September 22, without anj positive 
findings Roentgen examination of the head on September 14 revealed a slight 
accentuation of the lateral or sigmoid sinus on the left side, beginning back of 
the mastoid and extending almost to the median line Some of us, who were 
familiar with the clinical behavior of the patient, were inclined to think that the 
obscure outline of the torcular Herophili, of the posterior portion of the supei lor 
longitudinal sinus, of tlic occipital sinus and of the mesial portion of the right 
lateral sinus might point to swelling of the brain substance and possible abscess 
of the brain located near the torcular Herophili and somewliat to the right of the 
median line The evidence was not, however, accepted as convincing 

After fractional tiansfusions on September 14, 15 and 16 the patient seemed 
to be improved, and on September 17, with the use of cvclopropane anesthesia, 
the proximal phalanx of the left index finger was disarticulated at the base This 
operation had been postponed for sev^eral weeks because of the critical state of the 
patient, and when it w'as finaUy done the reaction w’as unfortunate The complaints 
of pain seemed in part hysterical Frequent doses of codeine and of morphine were 
given on September 17, 18 and 19 On September 19 the merphine w'as discon- 
tinued Most alarming was the dev'clopmcnt of sev'ere pain ov'er tlie left kidney 
associated with spasm of the left abdominal wall, even while the patient was 
receiving the sedativ^es Atropine w'as giv'cn for several days On September 24 
there were a chill and a rise in temperature to 109 F The perirenal pain extended 
to the right side A culture of urine taken on September 26 yielded abundant 
colonies of the colon bacillus (approximately 2,000,000,000 organisms per cubic 
centimeter) but none of staphylococci This colon bacillus was not fullj" susceptible 
to the stock colon bacillus phage which was in use, a specific bacteriophage, there- 
fore, was prepared, and its injection was begun on Oct 3, 1938 
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Administration of calcium mandelate in doses of 3 5 Gm four times a daj was 
started on September 28, but the patient refused to take this on September 29, and 
It was discontinued Her condition became less satisfactory, and there were se^ere 
chills at frequent intervals from September 30 to October 5, with marked abdominal 
distention on October 1 and 2 On October 3 the specific colon bacillus phage w as 
given intravenousl} in place of the stock phage previously used, and on October 4 
potassium citrate w'as given to render the urine neutral As soon as this w'as 
accomplished the patient felt better Unfortunately the citrate was discontinued 
for tw'o days, and the severe renal pain returned at 4 30 a m on October 8 The 



F’g 2 — Roentgenogram of the back of the head, taken on September 14 The 
interpretation w'as problematic, and the roentgenogram was considered no''mal 

patient went into alarming collapse at 10 30 a m and was resuscitated bj artificial 
respiration She died early the following morning, October 9 

The jaundice wdiich had been present m June, wnth an icterus index of 18 8 on 
June 6, had entirel> disappeared, so that the icterus index on October 7 was 4 7 
(normal) 

Blood counts during the course of the illness had showm a remarkable lack 
ot leukocytosis, but there w^as some leukocytic response to the acute infection of 
the urinary tract at the end of September The severity of this infection w'as also 
evidenced by the rapidly developing anemia, as was shown by examination of the 
blood on October 4 
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The remarkable feature was the long’-ccntmued high temperature The pos- 
sibilitj' of fraud was given some consideration We were inclined to exclude this, 
because the highest temperatures were observed by several persons piesent at the 
time and were associated with deliiium Trickery by the patient would be difficult 
to explain, because her left hand was covered with surgical dressings and an infusion 
of dextrose was running into a vein of the right forearm on man> occasions while 
the rectal temperature was being taken Friction by contraction of the anal 
sphincter -was checked by simultaneous observation of rectal and oral temperatures, 
which checked reasonabl}' well (on one occasion the rectal temperature was 104 F 
and the oral temperature 103 4 F , on another occasion the former was 105 2 F 
and the latter 104 6 F) Unfortunatel}% the tempeiature of the freshly \oided 
urine was not tested an oversight which we regret Hjsteria ma> present 
difficult puzzles Howe\er, the neurologic consultants found no evidence of 
genuine hysteria, and such manifestations as prolonged anuria and hematuria and 
eventual death are not easilj ascribed to hysteria, particularly in a patient confined 
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to bed and deprned of the use of her hands It should be mentioned that the 
lntra^enous dextrose solution was given slowh because the patient ^omlted when 
it was gnen at the usual rate Ordinal ih the infusion was started about 2 p m 
and completed at midnight or shortlj thereafter, and during this time any extensne 
movement w'as precluded The patient cooperated well in this mattei Reinsertion 
of the infusion needle w'as not a simple and easy technical procedure in this case 
Xecrops}^ was unfortunatelj delajed for twent 3 -six hours because death 
occurred earl} on Sunda-v and there was dclaj' in obtaining permission from a 
relative far aw'av’' The well developed bodv slicwed no evidence of loss of weight 
The finger tips were C}'anotic, and there was a healing wound at the site of ampu- 
tation of the left index finger Edema of the extremities was absent 

There w'ere marked cerebral edema and small areas of pial hemorrhage in 
the left frontal and parietal areas On section there was marked congestion, 
particularly in the right basal ganglions and m the pons In the left cerebe'lai 
medulla an irregularl} outlined cav'itj occupied the major portion of the site of 
the dentate nucleus, the outer margin of wdnch w'as distinctlj' recognized The 
cav it}'^ extended to the right to involve the medial portion of the right dentate 
nucleus Microscopically, disintegrating brain substance without evidence of 
reaction lined the cavuty Bacterial rods vv'cre seen in manv sections, especiallj in 
these of the cerebellum 
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Fig 3 — Section of the normal human brain, showing the nucleus dentatus, 
nucleus embohformis and nucleus globosus and their relations (Spalteholz, W 
Hand-Atlas of Human Anatomy, ed 2, translated by L F Barker, Philadelphia, 
J B Lippincott Company, 1906, vol 3, p 666, fig 744) 



Fig 4 — Section through the cerebellum of S V , showing an irregular cavity 
involving the posterior part of the light dentate nucleus, the mesial portion of the 
left dentate nucleus and the posterior portion of the inter\ening \ermis 
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Pulmonary edema was present Myocardial degeneration, fibrosis and hyper- 
trophy were seen in moderate degree, as well as coronary arteriosclerosis and 
aortic atherosclerosis In the pancreas there were diffuse fibrosis and prominent 
hyahmzation of the islets of Langerhans In the kidneys there was acute pyelo- 
nephritis, most marked in the renal substance The pelvic area presented evidence 
of an older process, with scarring, thickening and focal collections of lymphocytes 
and fewer plasma cells There was also chronic cystitis 

The irregular cavity in the cerebellum excited great interest, but its nature 
was not established The possibility that there may have been a relatively benign 
glioma of the type of astrocytoma fibrillare, with cystic degeneration, was con- 
sidered Such a tumor may exist for years and may sometimes be associated with 
vague nervous manifestations and complaints leading to abdominal and pelvic 
operations Special studies of the cerebellar tissue about this cavity failed to 
reveal any convincing evidence of such a neoplasm 

COMMENT 

Hyperthermia is sufficiently rare to constitute a challenge to careful 
and precise observation This patient was studied with unusual care, 
and no effort was spaied to bung about hei recovery Howevei, 
those caring for her had other duties, and there was not much spare 
time for nonessentials 

In study of the record, one may conclude that the high temperatui es 
lecorded were fabrications due to trickery of the patient or to careless- 
ness of the observers, that the patient was a chronic malingerer, that 
the irregular cavity in the cerebellum was entirely due to postmoitem 
disintegration and that the edema of the cei ebral cortex and the hemor- 
rhages in the basil ganglions weie entirely agonal Such a conclusion 
would lead one to discard the case altogether As one physician put it 
“Such temperatures would occui only m a nurse ” 

Most physicians, however, are inclined to accept bedside recoids as 
leasonably reliable Perhaps we may be too gullible, but we do not 
think so Those who were in personal contact with this patient during 
life found no reason to suspect trickery There was some consistency 
in the observations One may assume that the amputation on June 21 
had dislodged some staphylococci and permitted their transportation to 
the cerebellum, where a destructive lesion slowly developed Her fall 
on June 28 while walking and her unsteadiness on July 1 were sug- 
gestive of a cerebellar lesion The itching was evidently associated 
with icterus, and this in turn was related to the sepsis The invasion 
of the blood stream by Staphylococcus aureus was convincingly proved 
by cultures of blood taken by two different persons on July 8 and 11 
and seeded in each instance into two flasks of broth and three agar plates 
The remarkable rise in temperature on July 12 resembled closely the 
1 espouse to bacteriophage therapy m sepsis, but in this instance it was 
excessive At this time the body was hot and the patient was irrational 
The subsequent tempeiature record was highly atypical considering 
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that blood cultuie was negative after bacteriophage sterilization of the 
blood stream, and it suggested a localization in the brain Roentgen 
studies on September 14 levealed irregularities m the duial sinuses 
suggesting, but not proving, alteration of pressuie lelations in the 
ceiebellum At neciopsy the biain levealed evidence of disturbed 
pressure relations, with edema of the cerebial coitex, congestion and 
extiavasations of blood in the basal ganglions and an inegulai lagged 
cavity 111 the ceiebellum Postmoitem changes obsciued the pictuic, 
and the nature of this cavity remains unceitam It is, howevei, possible 
that It may have marked the site of a stapylococcic abscess which had 
become sterilized and quiescent, only to be again invaded by the colon 
bacilli in the terminal days of the illness The teiminal phenomena, 
particularly the respiratory collapse on October 8, might veil have 
resulted fiom compression of the medulla, forcing it downward into the 
foramen magnum 

If this view of the lecoid is accepted, this case would seem to shed 
some light on the problem of hypertheimia It is a mattei of sinceie 
regret that the clinical obseivations have not been ciitically exact and 
that the neciopsy study leaves something to be desiied Neveitheless, 
cases of hyperthermia aie so raie and the subject is so impoitant and 
still so obscure that a detailed recoid seems justified 

SUMMARY AND CONCLUSIONS 

Hypertheimia lemains a controvei sial problem 
Tempeiatuies in man above 46 C (1148 F ) should not be accepted 
as genuine without most ciitical examination of the evidence Theie 
are sound theoretic and expeiimental leasons foi this attitude 

Temperatures m man between 42 C ( 107 6 F ) and 46 C (1148F) 
should be subjected to skeptical and critical scrutiny Such obseivations 
should be supported by testing with multiple theimometeis held by 
reliable observers simultaneously m the axilla, the mouth and the i ectum 
and by observations of the tempeiature of the freshly voided urine and 
feces While many reported observations m this range are undoubtedly 
genuine, there are also some reports m this category vhich are highly 
questionable 

Recoids aie piesented of a patient who had prolonged hj^perthermia 
She eventually died and necropsy was performed Unfortunately the 
obseivations were not adequately checked according to the methods just 
desciibed, but they are believed to be valid 

At necropsy there was found an irregular cavity of problematic 
natuie in the cerebellum near the left dentate nucleus 
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The occurrence of typical and at 3 pical amyloidosis associated with 
multiple myeloma is now well recognized ^ Atkinson - m a review of 
643 recorded cases of multiple myeloma found amyloid reported in 40, or 
an incidence of about 7 per cent Unusual amyloid tumor formation and 
localization are cited by Kelly, ^ Randall,'* Glaus “ and Askanazy The 
cases of multiple m)'^eloma in -which amjdoidosis is at 3 ’^pical m its distribu- 
tion or type are considered in this papei In them, besides the underly- 
ing myeloma, there are am 3 doid masses m varying number and size 
distributed throughout the body In certain cases the amyloid is found 
paiticularly in the voluntary musculature and in the joints, so that the 
clinical picture closely resembles that of rheumatoid arthritis A survey 
of the hteratuie reveals that there have been only 11 recorded cases of this 
type It will be noted from the table that those first reported in the Amer- 
ican literature were described by Michelson and Lynch in 1934 and 

From the Departments of Aledicme and Pathology of the New York Hospital 
and Cornell University Aledical College 

1 Alagnus-Levy, A (a) Bence-Jones Eiweiss und Amyloid, Ztschr f klin 
Aled 116 510, 1931, (b) Alultiple Alyelome VII Euglobuhnamie , Zur Klinik 
und Pathologie, Amyloidosis, ibid 126 62, 1933 

2 Atkinson, F R B Alultiple Al 3 ’^elomata, AI Press 195 312 and 327, 1937 

3 Helly, K , m Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1927, vol 1, 
pt 2, p 1063 

4 Randall, O S Alultiple Alyeloma Complicated by Intestinal Obstruction, 
Am J Cancer 19 838, 1933 

5 Glaus, A Ueber multiples Alyelozytom mit eigenartigen zum Teil 
Kristallahnhchen Zelleinlagerungen, kombiniert mit Elastolyse und ausgedehnter 
Amyloidose und Verkalkung, Anrchows Arch f path Anat 223 301, 1916-1917 

6 Askanazy, AI Ueber knotchenformige lokale Amyloidbildung in der 
Darmmuskulatur, Verhandl d deutsch path Gesellsch 7 32, 1904 

7 Alichelson, H E , and Lynch, F W Systematized Amyloidosis of Skin 
and Aluscles, Arch Dermat &. Sjph 29 805 (June) 1934 
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Rosenblum and Kirshbaum ® m 1936 In neither of the cases i\as an 
autopsy perfoimed We heie\\ith report a case r\]th complete cluneal 
and postmortem study 

Tumoi-hke masses of amyloid in association ^Mth multiple m\c- 
loma ha\e been described by Huetei and others, as shown in the 
accompammg table In cases in which an autopsy w'as petfoimed the 
anatomic obseivations w'ere Aery similai to ouis Huetei " aptly 
described the am}loid mateiial m the tumoi masses as resembling bsh 
flesh The amyloid m the joints lesembled closeh that seen in our 
case, both grossly and microscopically It is notew'oith\ that m the 
cases collected fiom the hteiatuie, as well as in ours, theie was scant 
deposition of annloid m the livei, spleen and kidne\s This lack of 
imohement of the usual sites is characteristic of most at\pical am}- 
loidosis It IS paiticularly charactei istic of the condition designated 
as piimar} am}loidosis,^° accompanying which theie is no lecogmzed 
disease 

REPORT or A CASE 

A white w’onian 45 jears old was first seen in the medical clinic of the New 
York Hospital on J^Iarch 4, 1935 She complained of ha\ing had (1) an ache 
in the lower part of the back for jears, (2) pain in the back of the neck and 
shoulders during the past jears and (3) spells of weakness and fcACi during the 
past tw'o W'eeks 

Her past medical historj revealed tjphoid fever at the age of 20, diphtheria 
at 24 and attacks of influenza at 24 and 28 

Her familj' historj^ w^as irrele\ant 

Examxnatwn — Her temperature was 986 F, and her pulse rate, SO per minute 
and regular Her blood pressure was 130 sjstolic and SO diastolic Careful 
phjsical examination bj different obser\ers disclosed nothing significant 

Laboratorj' iiia estigation rcAcaled a negatne Wassermann reaction of the blood, 
a red blood cell count of 4,000,000, with 72 per cent hemoglobin (Dare method) 
and 12,000 white blood cells, with a normal differential count The urine on the 
first examination ga^e a 4 plus reaction for albumin but showed no sugar Micro- 
scopicallj-, clumps of w'hite blood cells were obser\ed On two other occasions 
the routine laboratorj' examinations showed a 1 or 2 plus reaction for albumin, 
with a Aarjing number of poijmorphonuclear leukoc\tes The basal metabolic 
rate was — 12 per cent 

In Aiew of the findings a tentative diagnosis of pjelitis was made On ejsto- 
scopic examination intraAenoush administered dje appeared wnthin two to three 

8 Rosenblum, A. H , and Kirshbaum, J D Multiple M\elomas with Tumor- 
Like Aim loidosis Clinical and Pathologic Stud\ , J A A 106 988 (March 21) 
1936 

9 Hueter, C Ungew ohnliche Lokalisation der \m\ loidsubstanz in einem 
Falle A on multiplem Mjelom (Amjloid des Darms, der Thoraxmuskulatur, des 
Schultergelenks), Beitr z path Anat u z allg Path 49 100 1910 

10 Lubarsch 0 Zur Kenntnis ungew ohnlicher Amjloidablagerungen A'lr- 
chows Arch f path Anat 271 867 1929 
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minutes from each ureteral orifice Retrograde pyelograms showed normal renal 
pelves Cathetenzed urine contained onlj’- a few isolated white blood cells It 
was not tested for albumin 

At this time fluctuation of the amount of albumin in the urine (reactions 
ranging from 1 plus to 4 plus), apparently unrelated to the number of white blood 
cells present, suggested the possibility of Bence Jones pioteinuria The urine 
was tested with this in mind on May 10 and found to yield a cloudy precipitate at 
5S C This increased in intensity as the heating continued and then diminished 
slightly on boiling Filtering the boiling urine yielded a clear solution which 
showed a cloudy precipitate on cooling to about 60 C Dilute acetic acid intensified 
the reaction Subsequent specimens of urine all behaved in the same fashion 

Roentgen examination of the skull, spine, long bones and chest revealed no 
significant changes A blood film on June 3, reviewed by the hematology depart- 
ment, showed 7 per cent young polymorphonuclears, 34 i>ei cent adult polymorpho- 
nuclears, 52 per cent lymphocytes, 4 per cent large mononuclears, 2 pei cent 
eosinophils and 1 per cent basophils The red blood cells showed slight anisocytosis 
with moderate central pallor The white blood cells were not obviously increased 
m number The percentage of lymphocytes was somewhat increased, with a rare 
immature lymphocyte No abnormal white blood cells were seen 

Chemical studies made of the blood on June 4 revealed the following values per 
hundred cubic centimeters serum calcium 9 5 mg , total proteins 7 0 Gin , scrum 
albumin 3 3 Gm , serum globulin 2 5 Gm and urea nitiogen 14 0 mg 

Cow sc — Because of all these inconclusne findings, a bone marrow puncture 
and an intravenous Congo red test for amyloidosis were contemplated, but the 
patient refused to cooperate in any fuither tests and failed to return to the clinic 
after June 1935 However, we later learned that there was a steady progression 
of her symptoms The pam m the back spread, so that it involved the hips and 
inner surfaces of the thighs She also had progressive stiffness of the shoulders, 
elbows and knees with pain on motion in all these joints The condition was 
regarded as arthritis by most of the physicians who treated hei in the two and 
a half years prior to her second admission to the hospital In June 1937 she 
was forced to give up her clerical work For the two months prior to the second 
admission theie were edema of the ankles and pnffiness of the face 

On admission to the New York Hospital on Jan 9, 1938, she was thin, emaciated 
and acutely ill, with obvious distress on even slight mo\ements Numerous small 
shotty nodes weie present m the axillas and in the posterioi cetvical region The 
anterior cervical nodes were larger and less firm No inguinal nodes were palpable 
In addition, firm masses of vaiiable size and not tendei were seen and felt in 
different parts of the body (fig 1) Their symmetric distribution is worthy of 
note There was a mass about 3 by 3 cm just in front of each ear and orerhing 
the mandibular joint Theie w'ere smaller, less firm nodules in each antecubital 
fossa In each axilla anterior to the lateial border of the scapula w'erc similar, 
but larger, firm round masses apparently attached to the scapulas The skin was 
freely movable over these masses 

The shoulder and elbow' joints W'ere stiff but permitted slight motion The right 
index finger w'as semiflexed and stiff There was limited motion of the hips 
The knee joints were enlarged but not fluctuant The right ulna was rough, and 
over the middle of this bone w'as a small firm subcutaneous nodule Little gross 
deformity of any joint and only slight tenderness on pressure weie noted Three 
plus pitting edema extended from the feet to the upper third of the cahes The 
head w'as normal in size and shape w'lth no tenderness or defect of the caharium 
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The eyes and the fundi weie not remarkable The heart was found not 
enlarged on percussion and palpation, and its rate was regular The blood pressure 
was 124 systolic and 64 diastolic The lungs were clear The abdomen was flat, 
with the edge of the liver firm and palpable 3 fingerbreadths below the costal 
border in the nndclavicular line There was tenderness on deep palpation in the 
left flank The results of pelvic and rectal examinations were not remarkable 
Reflexes were normal 

The disease ran a febrile course The irregular tempeiature went to 103 F 
and the pulse rate to 140 Despite two blood transfusions the patient’s progress 
was steadily downgrade, with death four weeks after admission to the hospital 



Fig 1 — The distribution and relative size of the amjloid tumors, shown m 
solid black 

Laboiafoty Studies — A small nodule near the left scapula and one over the 
right ulna were removed under local anesthesia The mass near the scapula was 
tound between the muscles It was yellowish, was of homogeneous structure 
and when cut showed the consistency of firm gelatin The nodule over the ulna 
did not shell out easily and seemed fixed to the underlying structures Micro- 
scopicalljf the pieces appeared similar and rvere seen to consist of plugs of 
light-staining hyaline relatively acellular tissue, with a tendency to form whorls 
A few small blood vessels were scattered throughout 

Large amounts of Bence Jones protein were piesent constantly in the urine, 
and in addition there was a 1 plus reaction for albumin There were always 
20 to 30 white blood cells per high power field, with a few granular casts The 
specific gravity ranged from 1 007 to 1 027 A typical blood study showed 2,100,000 
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red blood cells, \Mth 45 pei cent hemoglobin, and 6,000 white blood cells, with 
28 pel cent adult poly morphonucl ears, 30 per cent lymphoc}tes, 4 pci cent mono- 
cytes and 4 per cent basophils Tw'O nucleated red blood cells per hundred white 
blood cells and occasional plasma cells weie seen in the smear (Dr C E Foikner) 
The erythrocytes show'ed poikilocj’^tosis, anisocytosis, microcytosis, poh chromato- 
phiha, stippling and Cabot rings The blood coagulation time was ten minutes 
and the bleeding time tw'o minutes The clot letraction was excellent and fragiht} 
normal Chemical studies of the blood gave the following results 



Jan 10 

Jan 19 

Jan 24 

Feb : 

Urea nitrogen, mg per 100 cc 

10 


26 


Serum phosphorus, mg per 100 cc 

36 




Serum phosphatase, units 

5 




Serum calcium, mg per 100 cc 

9 




Serum albumin, Gm per 100 cc 

31 

26 


25 

Serum globulin, Gm pei 100 cc 

06 

1 1 


04 

Plasma chloride, mg per 100 cc 
Carbon dioxide, volumes per cent 
Icteric index 

560 


46 

5 


There W'as no evidence of Bence Jones protein in the sei um bltered at the boiling 
point and then cooled A congo red test show'cd that 72 per cent of the d>e was 
removed from the blood stream in one hour The normal rate is about 30 per cent in 
one hour Renal function tests with phenolsulfonphthalein show'ed 51 per cent excic- 
tion in one hour short!}' after admission and 23 per cent one week before death 
Roentgenologic examination on January 10 of the skull, chest and long bones 
revealed a mottled, somewhat discrete, minute, rounded osteolytic process through- 
out the proximal ends of the humeri and the feinors, w'lth a suggestion of a similar 
process in the left frontal region of the skull Changes in the iibs weie not 
definite There W'as evidence of localized demineialization in both femuis, wrists 
and hands 

Diagnosis — Multiple myeloma had been suspected when the patient was first 
seen in 1935 The nature of the tumor masses w'as uncertain, but it was thouglil 
that they w'ere part of the underlying disease In view' of the long-standing 
Bence Jones proteinuria it w'as believed that there w'as a definite renal lesion The 
peiipheial edema w'as attributed to the se\'ere hypoproteinenna 

Posfiiioi ieiii Examination — An autopsy was performed tw'cnty'-four hours after 
death General inspection revealed changes essentially the same as those described 
clinically' Approximately' 450 cc of clear y'ellow' fluid was in each pleural caMty 
The heart weighed 280 Gm There w'cre small deposits of fat beneath the 
endocardium of the left ventiicle 

The lungs w'eighed 1,500 Gm They' w'ere deep red, and the lower paits were 
much less crepitant than usual 

The spleen w'eighed 310 Gm and was not remarkable 
The stomach, intestines and pancreas w'cre w'lthout notew'orthy change 
The liver w'eighed 1,680 Gm On the cut surface the lobular architecture was 
distinct, W'lth mottled, pale, translucent gray'ish and light yellow' areas 
The adrenals were not remarkable 

The kidney's w'eighed 135 and 130 Gm and were firm and pale reddish pink The 
capsules stripped readily', despite the presence of numerous, diffusely distributed 
small depressed areas in the coitex fiom 03 to 0 7 cm across On the cut surface 
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the usual cortical architecture was not distinct, and the medulla and the cortex 
were poorlj^ differentiated In some places the cortex measured only 0 3 cm in 
thickness The pyramids were somewhat more translucent and paler than usual 
Aside from a few small scattered hemorrhages in the bladder mucosa there were 
no changes in the pelvic organs 

The pharynx, larjmx, esophagus and th 3 'roid were not remarkable Two para- 
thyroid glands were found on each side, the right lowei one being somewhat larger 
than the others, and all were uniform in consistency and shape After fixation m 
formaldehyde they weighed together 139 mg 

The cut surface of the vertebrae was mottled gravish white and light red In 
a few places the soft, lighter tissue formed somewhat indistinctly demarcated 
nodules, the largest not over 0 6 cm acioss The marrow of the sternum and 



2 — A and B, ribs with attached amyloid masses A, Sev^eral rounded 
nodules of myeloma m the longitudinally split rib B, the laminated structure 
of an am>]oid tumor C, the right knee joint, opened, with the patella reflected 
upward Villous deposits of amyloid attached to the synovial membrane are most 
conspicuous at the margins of the patella and near the upper edge of the articular 
surface of the tibia Much more similar material was loose in the knee joint 


ribs was of similar appearance (fig 2 A) The mairow trabeculae of all these 
bones were softer than usual, obviously owing to partial decalcification The 
bones of the skull were hard, and no nodules of tumor or areas of rarefaction 
were found 

Both knee joints and the right acromioclavicular joint were opened In the 
cavity of each knee joint vv^as an increased amount of sticky, reddish fluid Some- 
what gelatinous, translucent pink material formed villous projections from the 
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synovial membrane and was found free in the joint cavities (fig 2 C) The 
articular surfaces were not eroded, nor were there deposits on the cartilage 
The acromioclavicular joint was similar in appearance 

Attached to the periosteum of the lateral aspiect of the right fifth and sixth 
ribs was a firm mass that measured approximately 11 by 6 by 2 5 cm On section 
it was found to consist of layers of generally homogeneous, yellowish pink 
translucent material suggesting cartilage Some of this substance was easily dis- 
lodged in small solid sheets (fig 2 B) A few centimeters postenorlj^, attached to 
the fifth rib, was a smaller mass of similar material, about 2 5 cm across Adherent 
to the left fifth rib was a mass which measured 10 by 5 by 2 cm It was somewhat 
firmer than those on the right It contained scattered small yellow foci All of 
these masses were loosely attached to the ribs so that the.y could be moved and 
were not continuous with the bone itself Thej'’ appeared to push aside the adjacent 
muscles rather than to invade them Firm, translucent hj'-aline tissue was inti- 
mately attached to the left clavicle near its medial and lateral ends, forming 
nodular elevations of the surface About the head of the right humerus was a 
large mass of hyaline material that fused with the periarticular tissue 

The Ij'^mph nodes near the head of the pancreas w'ere enlarged, firm and some- 
what flattened The para-aortic nodes were slightly enlarged and reddish 

The pituitary body w'as not unusual The biain and meninges, aside from 
slight thickening of the arachnoid in the interpeduncular space, w^ere not remarkable 

Mxa oscopic Examimiion — In one medium-sized arterj' of the lieait the media 
W'as extensively replaced by pink-staimng homogeneous material resembling amyloid 
In the media of a few small blood vessels there was a scant amount of hyaline 
material In the lumens of the alveoli were many red blood cells and numerous 
large mononuclear phagocytes containing brown pigment granules Slight broncho- 
pneumonia was evident In one of the larger vessels W'as a mass of leukocjtes, 
among w'hich were a number of cells resembling plasmacytes 

In the spleen the connective tissue w'as slightly increased In the congested 
pulp were seen many large mononuclear cells, of which some W'ere apparentlj 
myelocytes, while others resembled plasma cells 

There was some increase in interacinar and interlobular connective tissue in 
the pancreas 

Fatt}' vacuolization of the liver cells without zonal distribution w'as present In 
the connective tissue of the portal spaces w'ere scattered lymphocjtes and larger 
mononuclear cells, wnth a few plasma cells 

There w'eie focal scars on the cortex of the kidnej', increased connectne tissue, 
atrophy of some tubules and dilatation of others In the cjtoplasm of some of tlic 
convoluted tubules w'ere small hyaline droplets of varjing size Sudan lA^ stain 
show'ed a few fatty droplets The tufts of most of the glomeruli in the scars 
w'eie partially or completely replaced b}' blight eosinophilic material ilany 
glomeruli in other areas contained smaller amounts In the lumens of the con- 
voluted tubules there w'as a granular pink albuminous precipitate, while in main 
of the straight collecting tubules there were masses of more intenseh bright 
eosinophilic granules, or homogeneous casts, formed apparently by fusion of the 
granules (fig ZD') The lining epithelium of many tubules was flattened and in 
places was difficult to recognize Adjacent to the casts were frequentlj seen 
large mononuclear cells and large multinucleatcd cells of the foreign body tjpe 
In places these giant cells partiallj' surrounded the In aline material or were in 
intimate contact wath it A pink-staining homogeneous substance resembling 
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Fig 3 — A, cells resembling plasma cells in the marrow of the sternum 
(hematoxvlm and eosin, X 771) B, nodules of amyloid in one of the masses 
attached to the ribs, showing delicate trabeculae of connective tissue (Van Gieson s 
stain, X 95) C, distribution of amyloid deposit on s}movial membrane of the 
knee joint, showing lack of involvement of the underlying connective tissue 
(X 25) D, hj aline, partly lamellated casts in the tubules of the kidnev Multi- 
nucleated giant cells are seen in the edges of the material There is an infiltration 
of hmphocj'tes m the adjacent tissue fx 95) 
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amyloid was in the media of a few moderate-sized arteries The capillaries of 
the medulla contained large mononuclear cells closely resembling plasmacytes 

Practically the whole Ij^mph node of the pancreas was replaced b} diffusely 
distributed large mononucleai cells resembling plasmacvtes Radial ariangemcnt 
of the chromatin and perinuclear clear zones in the cytoplasm weie raiely seen 

In the parathyroids clear cells were not numerous Several small vessels \\itli 
thickening of their walls contained deposits of pink hyaline material in their media 
The marrow of the vertebrae and sternum was almost entirely replaced by 
closely packed cells resembling those found in the pancieatic lymph node (fig 3 A) 
In the femur and ribs were foci of hematopoietic tissue containing cells of the 
myeloid and erythrocytic series 

The masses attached to the bones were composed of homogeneous or fibrillar 
material which varied in its staining with eosin from deep to light pink In it 
were scattered connective tissue cells The substance was subdivided into nodules 
or lobules of varying size by strands of deepei pink (fig 3 B) Thin-walled 
blood vessels were numeious and usually surrounded by delicate strands of con- 
nective tissue in which were a few plasma cells and lymphocytes In a section 
removed from a nodule attached to the left clavicle were several multinucleated 
giant cells embedded in the homogeneous material In the periarticular mass of 
the right shoulder, pink homogeneous material blended with the cartilage The 
pmk-staining material described previously was \ery suggestive of amjloid 

In the knee joints and in the right acromioclavicular joints, masses of pmk- 
staining granular, fibrillar oi homogeneous material were attached to, and intimately 
fused with, the synovial membrane (fig 3 C) Into this substance extended deli- 
cate strands of connective tissue with a few cells and thin-walled blood vessels 
The surface was irregular, and mesothelial cells of the synovial membrane were 
lecognized in only a few aieas 

Frozen sections of the kidney and of the masses attached to the ribs, li\ed 
in 4 per cent formaldehyde, weie stained with iodine and sulfuric acid, cresjlechl 
violet, gentian violet and acetic acid, and iodine green 

With iodine and sulfuric acid, light brown deposits were seen in many glon eiuli 
of the kidney The dense casts m the straight and collecting tubules were also brown, 
the outer layers being usually darker and occasionally greenish blue The homo- 
geneous material in an extracostal mass was stained greenish blue m contrast to 
the yellow of the connective tissue, and here similar greenish material was in the 
walls of several small arteries These staining reactions suggest amyloid 

With cresylecht violet and with gentian violet and acetic acid, typical melachro- 
matic staining for amyloid was obtained in the kidney In the costal mass the 
pink staining of the homogeneous nodules was in sharp contrast with the incon 
spicuous staining of the connective tissue Preparations with iodine green failed 
to give metachromatic staining Differential stains for connectne tissue, after 
fixation m Zenker solution (prepared with formaldehyde) and embedding in 
paraffin, were also employed With Mallory’s aniline blue stain the hj aline 
deposit, wherever found, i e in the glomeruli of the kidneys, the walls of the 
arteries, knee or shoulder joints or masses attached to the bones, took a some- 
what lighter blue stain than the collagenous connective tissue The more granular 
casts in the renal tubules were bright c'^imson, and this color w-as found m the 
centers of hj^ahne casts whose outer la 5 ’^ers were homogeneous deep blue 

Van Gieson’s stain was combined with the Verhoeff stain for elastic tissue 
The hyaline material in the connectne tissue masses, in the joints and in the renal 
glomeruli was orange-yellow, in distinct contrast to the bright canary yellow' 
of the epithelial cells and the muscle and the bright red of the collagenous tissue 
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The casts m the tubules stained varying shades of yellow and yellowish brown 
The droplets in the tubular epithelium were light brownish yellow, in contrast to the 
brighter yellow of the remaining cytoplasm 


COMMENT 

From the clinical point of view this patient’s course presented sev- 
eral unusual features There is little doubt that the bone mariow was 
involved by the neoplasm when the patient was first examined, yet 
complete roentgenologic studies failed to leveal it Even teiminally 
the roentgenogram was not at all conclusive or characteristic of multiple 
myeloma Similar roentgenologic findings are mentioned in seveial of 
the cases m the literature, notably those of Michelson and Lynch and 
of Stewart^® The condition is easily mistaken for osteopoiosis associ- 
ated with inactivity or inanition 

Studies of the blood in the early stages were disappointing because 
they gave little information There was no hyperprotememia or 
hypercalcemia Toward the end of the patient’s illness severe hypo- 
protememia, with a serum globulin content of 0 4 per cent and a serum 
albumin content of 2 5 per cent was noted Hypopi oteinemia m the 
course of multiple myeloma has been described by Chester and is 
attributed to the degree of undernuti ition The occunence of an occa- 
sional plasma cell m the blood smear was the only significant observa- 
tion in stained smears of the blood Plasma cell leukemia has been 
reported by several authors, including Beck and McCleaiy,^® Mullei 
and McNaughton and Piney and Riach 

The only constant finding in favor of the diagnosis of myeloma was 
the Bence Jones proteinuria In 10 of the 12 cases of multiple myeloma 
with amyloid tumors recoided in the literature, Bence Jones protein 
was found in the urine It was not mentioned m the othei two reports 
The absence of this substance m the urine m the reported cases of 
atypical amyloidosis without myeloma is noteworthy 

16 Stewart, A Myelomatosis, Quart J Med 7 211, 1938 

17 Perlzweig, W A , Delrue, G , and Geschickter, C Hyperprotememia 
Associated with Multiple Myelomas Report of an Unusual Case, JAMA 
90 755 (March 10) 1928 Bing, J Some Cases of Hyperprotemaemia, Acta med 
Scandmav 88 478, 1936 

18 Chester, W Multiples Myelom und Hypoproteinamie, Ztschr f klin 
Med 124 466, 1933 

19 Beck, H G , and McCleary, S Multiple Myeloma with Bone Marrow 
Plasma Cells in the Blood, J A M A 72 480 (Feb 15) 1919 

20 Muller, G L , and McNaughton, E Multiple Myeloma (Plasmacytomata) 
with Blood Picture of Plasma Cell Leukemia Report of Two Cases, Folia haemat 
47 17, 1932 

21 Piney, A , and Riach, J S Multiple Mj’^eloma, Aleukemic and Leukemic, 
Folia haemat 47 37, 1932 
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The gradual development of “arthntis” m the couise of multiple 
myeloma should arouse suspicion as to its origin Clinically the lesem- 
blance to iheumatoid arthritis may be very close (Excellent photo- 
graphs illustiatmg the deformities of the joints are found in Stewart’s 
article) The pain and the disability in the joints are caused b} the 
deposition of amyloid m the joint spaces and penaiticular tissue 
With the large joints it is at times difficult to decide whether these 
masses are in the surrounding muscles or aie part of the joint The 
occuirence of such masses m the voluntary muscles and along the bones 
offers a clue to the true nature of the pathologic condition in the joints 
In our case, the time of the first appearance of the masses was not 
known, but, judging from their size, it is safe to assume that they 
were piesent for from several months to a year A similar time 
interval is noted in the cases reported in the hteiature The clinical 
identification of these masses as amyloid is at times difficult The congo 
red test may be inconclusive or may even give negative lesults In oui 
case the lesults suggested the piesence of amyloid 

From the pathologic standpoint several obseivations aie of interest 
The myeloid tumor of the bones was widespread, and, while in a few 
areas it was composed of somewhat ciicumsciibed small nodules, in 
general it consisted of a diffuse replacement of the mariow This is 
in contiast to the usual formation of distinct nodulai masses of tumoi 
in multiple myeloma The absence of involvement of the skull was 
unusual Micioscopically the neoplasm was seen to be composed of 
cells which lesembled plasma cells in seveial respects but weie not 
typical, because m general the cytoplasm was not as homogeneous as 
that of typical plasma cells and did not contain a conspicuous peri- 
nuclear deal zone However, these cells were similai to those usually 
found in what is commonly called a plasma cell myeloma The presence 
of a few cells resembling plasma cells in capillaries of the kidney and in a 
blood vessel m the lung confiimed the clinical observation on the blood 
smeai 

The deposition of hj^aline fiequently laminated mateiial, presumabh 
Bence Jones protein, in the tubules of the kidney and the scarring of 
that oigan consequent on tubular obstiuction have been well desciibed 
by several authors, including Bell,-- who has made an extensive leMew 
of the hteiature Foibus and his associates haAe also recorded a case 
MacMahon and Magnus-Levy have i ecently described tlie expei i- 

22 Bell, E T Renal Lesions Associated with Multiple Mjeloina, Am J 
Path 9 393, 1933 

23 Forbus, W D , Perlzweig, W A , Parfentjev, I A , and Burwell, J C 
Bence Jones Protein Excretion and Its Effect upon the Kidney, Bull Johns 
Hopkins Hosp 57 47, 1935 

24 MacMahon, H E, and Magnus-Levy, A Renal Lesions in Experimental 
Bence Jones Proteinuria, Am J Path 12 763, 1936 
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mental production of renal lesions m rats by injection of Bence Jones 
protein They found deposits in the tubules which took a golden orange 
u ith Mallory’s aniline blue stain They found similarly staining granules 
m the cytoplasm of the cells lining the tubules and assumed that they 
weie related to the material in the lining of the tubules Although it 
was not specific, they thought this stain of impoitance m identifying 
the substance This belief was not confirmed, however, by Forbus 
It is noteworthy that in our case part of the tubular deposits took a 
deep crimson with Mallory’s stain, a reaction not obtained with any of 
the othei hyaline deposits m the case The staining blue of the outei 
layers of many of the casts, a leaction shown by amyloid, is of inteiest 
in view of the relation of Bence Jones protein to amyloid, as suggested 
by Magnus-Levy He expressed the belief that m multiple myeloma 
the protein acts as the mother substance to the amyloid He has demon- 
stiated in stained specimens what appeals to him a giadual transition 
of one to the other Experimental evidence to confiim this suggestion 
was not found by MacMahon With the Van Gieson stain \\e found 
no consistent differential staining of the casts With iodine and sul- 
furic acid and the metachi omatic stains the casts which weie not dis- 
tinguishable fiom amyloid m then leactions, though the) vaiied in 
intensity of staining The occurrence of multinucleated giant cells in 
close relation to the tubular casts indicates the insoluble natuie of the 
material and suggests that it was piesent for some time m the %ibules 
It conforms with the belief that the coitical scars aie diiectly the result 
of obstiuction and stasis The piesence m the renal glomeiuli of 
homogeneous mateiial which gave typical leactions to seveial of the tests 
for amyloid complicates the lenal pictuie Accompanjing this is hyaline 
dioplet degeneration of the cells of many of the convoluted tubules, a 
change often found with lenal amyloidosis None of the droplets 
stained a golden orange with Mallory’s aniline blue, as desciibed by 
IMacMahon in his animals, but with Van Gieson’s stain they took a color 
distinctly diffeient from that of the remamdei of the cytoplasm, and 
with aniline blue many weie bluish 

Chemical studies of amyloid tumors have revealed no constant 
composition of the material It is probable that diffeiences exist between 
the amyloid found m the liver, spleen and kidney in the usual widely 
distributed disease and that in the atypical localized deposits These 
differences may explain the variations in staining reactions so often 
observed 


25 Forbus, W D , in discussion on MacMahon and Magnus-Levy -■* 

26 MacMahon, H E , in discussion on Robertson, H E , and Brunsting, 
L A Amyloidosis with Unusual Distribution and Bence Jones Protein, Am 
I Path 12 767, 1936 

27 ion Bonsdorff, B Zur Kenntnis der atypischen Amyloidose, Arb a d 
path Inst d Univ Helsingfors 7 369, 1933 
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SUMMARY 

Eleven cases of multiple m)^eloma with accompanying tumor-like 
deposits of amyloid m the stiiated muscles, and with amyloid m and 
about the joints, are recoided in the hteratuie The twelfth case is 
reported here 

In these cases amyloid was not abundant m the usual sites and fie- 
quently had atypical staining reactions 

Bence Jones protein was found in the urine m all the cases m yIucIi 
its presence or absence was recorded 

Clinically the involvement of the joints and muscles by the amyloid 
masses may simulate rheumatoid aithiitis 

Note — Since the case report presented in this article was submitted 
for publication, theie was admitted to the Yards of New Yoik Hospital 
a 38 yeai old Negro with a history of arthritis mvohing the joints of 
both upper and lower extremities, of five years’ duiation The defor- 
mity of the joints was striking Theie weie masses of firm to semi- 
fluctuant nodes varying from 1 to 10 cm m diametei and, ni addition, 
many firm subcutaneous nodules in the foieaims The tongue ^v^s laigei 
than normal and showed ulceiation along its maigins A biopsy of 
mateiial from the sternum pioved the existence of plasma cell m}eloma 
in the bone maiiow Biops}^ of the nodes m the foieaim and tongue 
showed atypical amyloid deposits, Yuth a staining reaction similar to that 
in the case reported Theie Yas serious impairment of renal function, 
Yuth marked albuminuria for the past year Bence Jones proteinuria Y^as 
observed inconstantly The roentgenogiams of all the bones closely 
resembled those in the case lepoited except that there Y^as evidence of a 
destructive process m one vertebra The results of examination of the 
blood were of interest The Congo lecl tests shoY^ed 60 per cent leten- 
tion 111 the blood stream at the end of one hour, the amount of total 
proteins Y^as elevated to 9 5 Gm per hundied cubic centimeteis, Yoth 
the ratio of albumin to globulin 2 2 to 7 3, there Y^as 12 4 to 13 7 mg 
of calcium per hundred cubic centimeters, with 3 5 mg to 4 5 mg of 
phosphoius pei hundred cubic centimeteis, the uric acid amounted 
to 10 mg per hundied cubic centimeters There was severe secondai} 
anemia 

The history of the past five yeai s re^ ealed that the patient had been 
treated at two other hospitals for an infectious arthritis of unknoYu 
origin Loy^ giade fever had been present almost constantly 

This case again illustiates the atypical nature of myeloma. Yith 
emphasis on arthritis as the clinical pictuie The fi\e year duration is 
noteYorthy of the slow tempo of the disease process 
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BOSTON 

Scrutiny of this year’s liteiatuie on the activity and disturbances of 
the alimentary tract reveals, as usual, material of purely physiologic 
interest, observations based on clinical investigation and actual studies 
of disease in relation to diagnosis or therapeusis No attempt will be 
made to review the entire literature on gastroenterologic subjects, as it is 
too voluminous and many of the contributions are merely repetitive 
Articles have been chosen with a view chiefly to their clinical applica- 
tion Many important articles dealing with nutritional problems that 
bear on the function of the digestive tract have been considered outside 
the scope of this review 

ESOPHAGUS 

Little new has been added to knowledge of the physiology or of the 
diseases of the esophagus It is important, however, to note the con- 
tinued interest in the surgical treatment of carcinoma of the esophagus, 
inasmuch as palliative treatment by irradiation or bougienage is for the 
most part extremely unsatisfactory Since Torek’s successful resection 
of the thoracic portion of the esophagus for cancer in 1913, 31 additional 
cases have been reported, and, of these, 18 during the past three years 
Adams and his co-workers ^ attacked the problem experimentally and 
attempted to develop a surgical method consistent with a reasonable 
prospect of success Resection of as much as 4 inches ( 10 cm ) of the 
thoracic portion of the esophagus with gastroesophagostomy was suc- 
cessfully performed in more than half of 13 experimental animals This 
degree of success encouraged the authors to attempt a similar piocedure 
in a patient with carcinoma of the thoracic portion of the esophagus 
The operation was successfully perfoimed, and the patient’s convales- 
cence was entirely uneventful Such results aie important in that they 
may eventually lead to a relatively safe standardized piocedure that 
may be applied to what is usually consideied an inoperable condition 

1 Adams, W E Escudero Bueno, L , Aronsohn, H G , and Shaw, M M 
Resection of Thoracic Esophagus Clinical and Experimental Study, J Thoracic 
Surg 7 60S, 1938 
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A rather unusual esophageal obstiuction leported by Waltz - was due 
to ingestion of a hygroscopic gum laxative (“saiaka”) One diachm 
(3 8 cc ) of the preparation was swallowed by the patient, and imme- 
diately afterward a second diachm was taken with only a small amount 
of water Following the swallowing of the hygioscopic laxative, symp- 
toms of esophageal distention and obstruction developed rapidly and 
were not relieved until the mateiial was aspiiated thiough an 
esophagoscope 

Seven cases of peptic ulcer of the esophagus are repoited by 
Chamberlin ^ in an article in which the literature on the subject is 
summarized m a satisfactory fashion and the cause of the condition 
considered f i om a new angle, namely, the presence of a short esophagus 
or of a diaphragmatic hernia or of both Previous authois dealing Avith 
the subject have laid paiticular stress on the presence of an aberrant 
gastric mucosa in the lower third of the esophagus, but none has men- 
tioned the aforenamed conditions as contributing to the formation of an 
esophageal peptic ulcer Chamberlin reports the lesults of both loent- 
genologic and esophagoscopic examinations, and in 6 of the 7 repoited 
cases one or both of these abnoimahties — a diaphragmatic hernia or a 
short esophagus — weie present It is of interest that Jackson, who has 
repoited more cases of peptic ulcer of the esophagus than an) other 
obseiwer, made no report of the roentgen findings m his cases While 
the subject is not new, the article is woithy of careful reading 

STOMACH 

The entire subject of the physiologic control of gastiic acidity has 
been approached by numerous investigators, and a little fuither knowl- 
edege has been added This phase of gastiic physiology is influenced 
by numerous factors, and studies regarding it are obviously of impoi- 
tance Several of the immediate variables in the complicated ph} siology 
of the gastric juice have been enumerated by Hollander and b\ 
Wilhelmj and Finegan ® Hollander mentions six factors of impoitance 
admixture of saliva, regurgitation of intestinal contents, peptic secretion, 
secietion of a specific dilution factoi, mucus secretion and leabsorption 

2 Waltz, M R Esophageal Obstruction Resulting from an Injudicious 
Method of Ingesting a Hygroscopic Gum Laxative (Saraka) Esophagoscopic 
Removal, J A M A 112 229 (Jan 21) 1939 

3 Chamberlin, D T Peptic Ulcer of the Oesophagus, Am J Digest Dis 
5 725, 1939 

4 Hollander, F Factors Which Reduce Gastric Aciditj, Am J Digest Dis 
5 364, 1938 

5 Wilhelmj, C M, and Finegan, R W The Gastric Secretory Cur\e 
Before and After the Mann-Williamson Operation, and Its Bearing on the 
Normal Regulation of Gastric Aciditj Am J Digest Dis 5 373 1938 
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of hydrochloric acid All of these must be consideied in any attempt to 
evaluate the gastric secretory mechanism 

Facto? s Affecting Gastiic Secietio ?? — Ceitain factors, many of 
which impoitantly affect gastric secretion, have been studied carefully 
Schiff and associates ° observed the effect of intramuscular injections of 
theehn (an estiogenic substance) and conclude m their leport that even 
over long periods of tune this substance has little or no effect on gastric 
acidity Felson and Schiff studied the effect on gastric secietion of 
the subcutaneous administration of the gonadotropic substance from the 
urine of pregnant women (antuitrin-S) m 7 persons Daily doses of 
1 cc of the substance weie given for a total of fiom 32 to 150 injections 
No constant effects on the volume oi the acidity of the gastiic juice 
were noted 

The effect of acetylbetamethylchohne hydrochloride (mecholyl) was 
studied by Flexner and Wiight® because of previous divergent repoits 
follo^Mng the use of this cholinergic diug Rabbits and cats showed 
little or no change in the gastric acidity following the subcutaneous 
injection of mecholyl Most human beings when proper caie was taken 
to pi event swallowing of saliva sho\\ed a slight to marked use m free 
and m total acidity following such an injection Theie \\as an asso- 
ciated maiked increase in the flow of saliva, ^^hlch became mucinous 
and more alkaline 

The effect of continuous removal of gastric contents with resulting 
hypochloi emia and alkalosis was studied by Lyall and Nicol ” Observa- 
tions made on the gastric secietion undei contiol conditions and dining 
the conditions of the experiment revealed no significant changes m the 
composition of the gastric juice, even in the piesence of maiked changes 
m the chemical composition of the blood There was some diminution 
m the total volume of gastiic juice secreted 

A secretory depressant in the gastric juice itself has been reported 
by Brunschwig, Piohaska, Claike and Kandel Then conclusions weie 
reached dining observations on the effect of intravenous injections of 
neiitiahzed gastric juice m dogs The intravenous injection of then oiin 

6 Schiff, L , Felson, H , Graff, J , and Meyer, B Effect of Estrogenic 
Hormone on Gastric Aciditv, Am J Digest Dis 5 292, 1938 

7 Felson, H , and Schiff, L The Effect of Anterior Pituitary-hke Hormone 
on Gastric Aciditv m Man, Am J Digest Dis 5 777, 1939 

8 Flexner, J, and Wright, I S Effect of Acetjl-B-Methyl-Chohne (Mech- 
olyl) on the Gastric Secretion m Animals and m Man, Am J Digest Dis 5 736, 
1939 

9 Lvall, A , and Nicol, B M The Gastric Secretions in Experimental 
Hvpochloraemia, J Phvsiol 96 21, 1939 

10 Brunschwig, A , Prohaska, J V , Clarke, T H , and Kandel, E A Secre- 
tory Depressant m Gastric Juice, read before the Central Society for Clinical 
Pesearch, Nov 4, 1938 
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gastiic juice oi of that obtained fiom othei animals pioduced no eftect 
on gastiic secretion On the othei hand, gastiic juice obtained fiom 
patients with pernicious anemia and similarly treated pioduced m 9 
animals out of 12 peiiods of achIoih}dria Similar mateiial obtained 
fiom patients with cancel of the stomach lesulted m tempoiary achloi- 
hydria in 3 animals out of 6, wheieas only 3 specimens obtained fiom 
patients with neither pernicious anemia nor cancel had any such eftect 
Boiling the “positive” juices foi ten minutes destioyed the secietory 
depiessant factor 

Day and Komaiov studied the effects of dextrose on the secretion 
of gastric juice m dogs As found b}'- previous investigatoi s, the admm- 
istiation of hypertonic dextiose solutions (20 to 40 per cent) by the 
intiavenous oi intraduodenal loute readily inhibited the gastric secietion 
piovoked by sham feeding Only a veiy concentiated solution (40 pei 
cent) produced any appreciable inhibition of the secretion of the gastiic 
jtuce evoked by rhythmic electiical stimulation of the vagi Similaily, 
only moderate effects weie noted on the secietion induced by the sub- 
cutaneous or intiaduodenal admmisti ation of histamine, either with or 
without anesthetics The authors advance the theory that the inhibitoi y 
effect of concentiated dextiose may be paitly of cential and paith of 
peripheial oiigin, in the lattei case it is laigel), if not entirely, due to 
changes m the osmotic condition of the body fluids 

Studies of gastiic acidity in diabetic patients weie earned out b} 
Fenz 111 a senes of 116 patients Anacidity (with a caffeine test meal) 
was found m piactically half the patients and low acid content m about 
one sixth Anacidity was moie frequently found m untieated patients 
than m those lecenmg insulin and theiefoie could not be attiibuted to 
insulimzation The seveiit) of the diabetes did not appeal to deteimmc 
the piesence of anacidity, but it was noted that those patients vho 
lesponded most leadily to the admmisti ation of insulin weie moie apt 
to show anacidity Of some interest is the flnding that 44 of the 116 
diabetic patients piesented diaiihea, and of this gioup 70 pei cent 
showed no fiee acid in the gastiic contents Of those vilh the most 
seveie diaiihea, 80 pei cent showed anacidity The authois aie inclined 
to believe that the diaiihea fiequently noted m diabetic persons is most 
fiequently gastiogemc in oiigm, although such a conclusion is open to 
some question 

An important and inteiestmg stud} on gastric secietion was earned 
out by Seymoui, Spies and Pa}ne^“ m 40 persons with chronic 

11 Day, J J, and Komaro^, S A Glucose and Gastric Secretion, Ain T 
Digest Dis 6 169, 1939 

12 Fenz, E Ueber die Anaziaitat der Diabetiker, Wien Arch f inn kicd 
32 283, 1938 

13 Seymour, W B , Spies, T D, and Pa%ne, W Gastric Secretion in 
Chronic Alcoholic Addiction, J Clin Iinestigation 18 15, 1939 
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alcoholism The volume of the gastric contents duiing fasting was 20 cc 
or less m over 70 per cent of the subjects, and the consistency was noted 
as being very thick and ropy Twenty minutes aftei the injection of 
histamine half of the subjects showed more than 20 cc of limpid, clear 
gastric juice Only 2 out of the entire group had free acid during fast- 
ing, but this A^aried after repeated injections of histamine, some of the 
subjects tending to show free acid after seveial injections had been 
given Only 3 patients showed absence of pepsin from the gastric juice, 
and only 7 showed no rennin The findings are definitely suggestive of 
the effect of prolonged use of alcohol on gastric secretion, inasmuch 
as the achlorhydria persisted even after discontinuance of the use of 
alcohol for an appieciable period of time in 13 patients It should be 
noted that the duration of addiction was fiom seven to foity years In 
this paiticular group it is striking that the subjects were singularly free 
fiom gastrointestinal complaints and presented no evidence of a defi- 
ciency disease In addition to the foregoing observations, the authors 
show that the incidence of achlorhj^dria is even higher m persons with 
alcoholism who suffei from polyneuritis than m those with uncomplicated 
alcoholism 

Necheles and his group undeitook studies on gastric secretion in 
the presence of extragastric malignant tumor Sixteen rabbits with 
Brown-Pearce tumors were studied in an attempt to substantiate the 
clinical observation that human beings uith extragastiic malignant 
tumors have diminished gastiic acidity No alteiation in gastric acidity 
or pepsin was obseived even in animals with extensive carcinoma These 
findings, together with the obseivation that diminished gastiic acidit}'^ 
may be present long before the appearance of the malignant tumor, and 
the fact that a highei incidence of achloihydria and diminished gastric 
acidity occurs normally with advancing yeai s lead the authoi s to believe 
that a 1 eduction in acid secretion in the stomach m cases of extiagastiic 
malignant tumor has not been satisfactoiily established 

The relationship between achloihydna and the level of ascoibic acid 
in the blood has been studied by Alt, Chinn and Farmei Determina- 
tions of ascorbic acid weie made in 44 cases of achlorhydria associated 
with pernicious anemia or iron deficiency With diets adequate m 
vitamin C, the plasma levels remained significantly beloiv normal m 
patients with pernicious anemia but not m the iron deficiency group 
With diets inadequate in vitamin C, the plasma values deci eased m both 
groups to well below the normal control levels The cause of this 

14 Necheles, H , Appel, M , Wald, D , and Olson, W Gastric Secretion 

in Extragastric Malignancy, Am J Digest Dis 6 261, 1939 

15 Alt, H L , Chinn, H , and Farmer, C J Blood Plasma Ascorbic Acid 
m Patients with Achlorhydria (Pernicious Anemia and Iron Deficiency Anemia), 
Am J M Sc 197 229, 1939 
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apparent variation in behavior between patients with pernicious anemia 
and those wuth iron deficiency anemia is not immediately obMOUs, but 
the mucosal changes chai actei istic of pernicious anemia with the asso- 
ciated changes in intestinal absorption may account for the difteiences 
observed 

The lelationship of gastiic motility to anorexia was studied by 
Gulliksen and collaborators^® Of 200 children studied, 13 had a veiy 
lo\v intake of food with moderately oi definitely pool appetites Recoids 
of the hunger conti actions in this group of undeinouiished, anoietic 
children show^ed that they had a greatei number of coiiti actions and 
a shortei interval between peiiods of activity and that the hunger con- 
tractions were less vigorous m height and duiation than those observed 
111 childien with heaity appetites The authois suggest that the small 
appetites m such children may be due to lack of noimal sensations of 
hunger 

Beyer and Meek,^‘ m expeiiments on human beings, confiim the 
previous observations that benzedrine sulfate decreases the initial 
emptying time of the stomach but increases the period of final emptying 
The expeiiments indicate that the decrease in initial emptying time is 
due to a primary increase m tonus and activity of the stomach, raising 
inti agastric pressuie and forcing the contents thiough a pylorus the 
tonus of which, if alteied by the drug, may be onl}^ slightly inci eased 
The delay in the final emptying is due to secondaiy inhibition of the 
gastiic musculatuie with an increase in pyloiic tonus The results 
suggest that wdiatever value benzediine sulfate has in ovei coming func- 
tional pylorospasni of a moderate degiee is due to the initial stimulation 
of the gastric musculatuie, which ovei comes the pyloiic lesistance, 
lathei than to any direct inhibiting effect on the tonus of the pylorus 

Effects of Smoking — Several ai tides on the effect of tobacco 
smoking on the physiology of the ahmentaiy tiact are of interest An 
aiticle by Schnedoif and Ivyd® although containing no new matciial, 
offers a good summary of pieviously descrilied experiments and an 
excellent commentaiy Schnedoif and Ivy noted the effects of smoking 
on sahvaiy secietion m 15 chionic smokeis and 5 nonsmokeis They 
observed the effects on the emptying time and the acidit) of the gasti ic 
contents m 7 smokeis without oiganic disease and m 22 smokeis suffer- 

16 Gulliksen, D P , Fogelberg, A , and Kardos, L Anorexia and Gastric 
Motility, Am J Digest Dis 5 814, 1939 

17 Bej'er, K H , and Meek, W J Effect of Benzedrine Sulfate on Gastric 
Emptjing and Intestinal Activit}, Arch Int iled 63 752 (April) 1939 

18 Schnedorf, J G, and I\y, A C The Effect of Tobacco Smoking on the 
Alimentary Tract Experimental Study of !Man and A.mmals, JAMA 112 * 
898 (March 11) 1939 
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mg fiom peptic ulcer Smoking leflexl)’’ stimulated salivary secietion 
m most of these subjects and inhibited hunger conti actions of the stom- 
ach It was found that when it has anj’- effect on the stomach it tends 
to depress gastiic secretion and letaid evacuation Only m occasional 
persons does it tend to cause significant changes m the gastric contents 
01 an mciease m gastric acidity Incidentally, it tends to augment the 
motility of the colon but affects biliary and panel eatic secretion only 
vhen theie are marked vaiiations m the blood pressure The authois 
conclude that only as a person approaches the limit of his tobacco 
tolerance do undesirable changes take place m the activity of the 
ahmentar)'- tiact All patients with peptic ulcei or with clonic distui- 
bances who smoke should be cautioned regai dmg the undesirable effects 
of straining their tolerance to tobacco Schnedorf and Ivy aie unwilling 
to interpret an}'' of their data as diiectly indicating that smoking has 
any beneficial effect on the digestive tract Although they are quite 
pioperly cautious m the mterpietation of their findings, a careful reading 
of then article is justified inasmuch as they contribute a lather timely 
and sound approach to the question of smoking m relation to digestive 
disturbances 

Two aiticles by Shoit and co-uorkers^” are also of interest The 
first aiticle lepresents an analysis of observations on 2,031 peisons, of 
whom 1,292 were habitual smokeis, m i elation to sjmptoms lefeiable 
to the respiratory, ciiculatoiy, gasti ointestmal and nervous systems In 
all of these systems the symptoms were inci eased among the smokers 
The fiequency of “heartburn” was inci eased by 100 pei cent o^el that 
obseived m the nonsmokers, and othei digestive distuibances were noted 
to be increased m similar peicentages The statement that “the i elation 
of tobacco smoking to gastric distuibances, especially h} peiacidity, is 
a frequent clinical obseivation” is of interest m i elation to then second 
aiticle, which gnes a direct compaiison of the leaction of the human 
sjstem to tobacco smoking and to epinephrine Then obseivations 
confirm the view that the chaiacteristic effects of tobacco smoking on 
the pulse, blood pressuie, peripheial cutaneous tempeiatuie and blood 
sugar can be explained b} an increased output of epmephime, which 
IS due most probably to the stimulative effect of nicotine on the sympa- 
thetic nerve-epmephrme system The authois might have added that 
“heaitburn” and so-called hypei acidity could also be explained propeily 
by OAei stimulation of the sjmpathetic nerve fibers controlling the lovei 
end of the esophagus 

19 Short, J J , Johnson, H J , and Ley, H A Effects of Tobacco Smoking 
on Health Study of 2,031 Medical Records, J Lab &. Chn Med 24 586, 1939 
Short, J J , and Johnson, H J Direct Comparison of Reactions of Human 
S\stem to Tobacco Smoke and Adrenalin, ibid 24 59, 1939 
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Pepiic Ulcei — The etiologic natme of this chionic disease is still 
undetermined, although studies regarding the eftect of lesions of the 
brain, alterations m hoiinonal activit} and abnormal functioning of the 
autonomic ner\ous system continue to be of interest Further eMdence 
that discrete mti acranial lesions may be the cause of ulcei ation of the 
upper pait of the digestive tract is found in obseivations made b) Opper 
and Zimmeiman,^*^ who obviously have been stimulated b} the previous 
studies of Cushing These authois showed eiosions m the esophagus, 
stomach or duodenum in 21 cases of lesions of the brain The changes 
m the brain were of \aiious etiologic character and vaiiously localized 
in the midbram, mterbiam and cortex They feel that gastiointestinal 
lesions in cases of cortical and mesencephalic involvement aie most 
probably mediated through the hypothalamic nuclei 

Gauss also piesents an interesting analysis of 20 cases of gastio- 
intestinal symptoms m association with intraciamal disease In his 
senes no ulcerations of the digestne tract weie demonstrated, but his 
comments as to the genesis of digestive symptoms in relation to mtei- 
cranial disease aie stimulating He attempts to subdivide the symptoms 

111 these cases into thiee groups The first group, including the com- 
monest symptoms, classified as dyspeptic, includes nausea, vomiting, 
abdominal distress and changes m appetite m association with tumoi 
of the biain A second group of symptoms, classified as parox}smal, 
IS associated with the sensoiy and motor distui bailees common to epi- 
lepsy, niigiame and syphilis A third and small gioup is that of the 
title peptic ulcei syiidiome, which may occin at times m association 
with a tumor oi other expanding inti acranial lesion Fie emphasizes 
the obvious wisdom of consideiing the possibility of a lesion of the biain 
when theie aie otheiwise unexplained peisistent disturbances of appetite 
and abdominal distiess (with or without nausea and vomiting) not 
1 elated to the noimal gastiic c}cle He also makes the impoitant point 
that digestive symptoms of cential oiigin aie mediated by way of the 
louer levels of the cential nervous system and hence have no localizing 
value 

In view of the publicit} in the lay pi ess attached to the treatment 
of ulcei with an extiact of the posteiioi lobe of the pituitai}, leported 
by Metz and Lackey,-- it is important to comment on then woik 
Following a pieliminaiy leport in 1937, these authors piesent obseria- 
tions on 28 peisons suffering fiom peptic ulcei They leport complete 

20 Opper, L, and Zimmerman, H M Ulcers of Digestne Tract in Asso- 
ciation with Cerebral Lesions, Yale J Biol &. Z^Ied 11 49, 1938 

21 Gauss, H Gastrointestinal Symptoms in Disease of the Brain, JAMA 

112 701 (Feb 25) 1939 

22 Metz, M H, and Lackey, R W Peptic Ulcer Treated b\ Posterior 

Pituitary Extract Two Years’ Experience, Texas State J Med 34 214, 1938 
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symptomatic relief m 24 of the patients within three weeks after the 
start of treatment with a fresh preparation of the posterior lobe of the 
pituitary, administered hypodermically, orally or mtranasally The last 
route was preferred The authors refer to previous studies on the 
influence of hypophysial extract on gastric secretion and adheie to the 
hypothesis that many patients with peptic ulcer exhibit pituitary defi- 
ciency This assumption is largel}^ based on the fact that 15 of their 
patients had definite polyuria and nocturia and responded moie or less 
satisfactorily to the treatment That the administration of posterior 
pituitary extract produced only a temporary healing effect on the ulcei 
IS obvious from their statement “Recuirences of ulcer healed undei 
pituitary administration are to be expected, since this therapeutic agent 
probably relieves temporarily a deficiency ” It is still too early to 
evaluate the results of such medication, and one is foiced to recall the 
fact that almost any striking method for the treatment of peptic ulcer 
has always been of tiansient benefit At the present time it will be wise 
to regard this latest addition to the therapy of ulcer as an interesting 
attempt to con elate certain known clinical facts with the manifestations 
of a chronic disease 

In this connection anothei important study has come from Sandweiss 
and collaborators^® on the i elation of gonadotiopic hormones to peptic 
ulcer These authors find, as have others, that piegnancy appeals to 
have a beneficial efifect on the symptoms of ulcer, and an examination 
of the records of 70,130 pregnant women consecutively admitted to 
hospital showed that only 1 had peptic ulcer A high incidence of 
endociinopathies, they thought, was found in 30 women with ulcers 
Obseivations seemed to show that the symptoms of peptic ulcer are 
aggiavated during the menopause In addition to these clinical observa- 
tions, studies were made on animals, a continuation of work reported last 
yeai Of 34 Mann- Williamson dogs which had received daily injec- 
tions of varying doses of the gonadotropic substance found in the urine 
of piegnant women (antuitrin S) and which had died, 50 per cent had 
no ulcers and 20 per cent had ulcei s in the piocess of healing Seventy 
per cent of the animals weie theiefore benefited duimg these injections 
Ninety-eight per cent of the control Mann- Williamson dogs died of 
jejunal ulcers The average time of suivival of the control Mann- 
Wilhamson dogs was fifty-eight days, and the average of those tieated 
with the gonadotropic factor was over one hundred days In an attempt 
to produce similar results in human beings, 18 patients with active 
symptoms of peptic ulcers pioved to be present were treated Avith daily 
injections of from 2 to 5 cc of the same gonadotiopic substance foi a 

23 Sandweiss, D J , Saltzstem, H C, and Farbman, A A Relation of 
Sex Hormones to Peptic Ulcer, Am J Digest Dis 6 6, 1939 
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period of fourteen consecutive da)^s Fourteen of the patients were 
benefited, but with commendable caution Sandu eiss limits his enthusiasm 
to the suggestion that “in the dosage used, Antuitrin-S produces no more 
beneficial effects than other parenteral products ” Ko effect on the free 
or total acid secretion was noted following daily subcutaneous injections 
of from 2 to 5 cc of the substance A note at the end of the article 
IS probably important, stating that “preliminar} observations on 20 
Mann- Williamson dogs indicate that (o) urine from normal individuals 
contains a ‘protective factor’ against Mann-Mblliamson ulcers , and 
(&) this ‘protective factor’ is definitely absent from the urine of patients 
with peptic ulcer ” The significance of these findings is still not clear, 
but there is little doubt that further careful investigations on the effect 
of endocrine secretions on normal and pathologic gastric function 
will be of interest 

As 111 previous yeais, numeious isolated experiences are noted 
regarding the cure or relief of peptic ulcer following unusual piocedures 
One such article is that reported by Bagdasarov and co-workeis The\ 
repeatedly transfused whole blood from goats to 82 patients with ulcei s 
The transfusions were performed at inteiwals of two to foui dais at 
first and subsequently at five to seven day mten als, 3 to 12 cc of blood 
being eniplo 3 ^ed Severe leactions Mere present in 8 per cent, and mild 
reactions ivere noted in nearly all patients so tieated Reactions tjpical 
of immediate and delayed allergic responses vere not infiequentl) 
alarming In spite of these reactions to tiansfusions of heteiogenous 
blood, no fatalities M^ere noted, and cures are claimed in about half of 
the cases followed Although the findings are not vithout mteiest, 
one can hardly feel any enthusiasm about the method, especialh as the 
authors point out seven absolute contiaindications and thiee lelatne 
contraindications to its use 

Another new method for the treatment of ulcer is that described 
by Okada and Doi These ivoikeis obtained extracts from the mucosa 
of the stomach and duodenum that are said to contain all tlie essential 
parts of each mucosa and to ha\e a regenerating effect specific foi the 
mucosa of each of the poitions, lespectnel), of the digestne tiact 
Pieparations of these extiacts ueie administeied Intra^ enoiish in 60 
cases, a full course of treatment consisting of thirty iniections The 
vast majority of both patients Muth ulcei and patients with other gastric 
troubles treated MUth eithei gastric oi duodenal extiacts weie “cured 
or shoived improvement, and the authois claim that the late results Mere 

24 Bagdasarov, A A , German, K A , Gutson, G I, and Zubc!e\ich, M M 
Heterotransfusion du sang dans le traitement de Tulcere gastro-duodenal, Acta- 
med U R S S 1 497, 1938 

25 Okada, S , and Doi, T Sur une nomelle methode de traitement de 1 ulcere 
de I’estomac et du duodenum, Arch d mal de I’app digestif 28.935 1938 
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favorable The lesults suggest those obtained by the use of histamine 
and should be subject to the same objections Because of the fiequency 
of favoiable results fiom any parenteial tieatment, one is inclined to 
be skeptical of the specific value of the aforementioned tieatment and 
to recall the fact that in most instances an uncomplicated ulcer heals 
leadily with any foim of tieatment within thirty days 

The majority of articles dealing with the tieatment of patients with 
peptic ulcer are concerned with various modifications of already well 
established medical or surgical procedures Of modifications in medical 
therapy, the majority, as usual, aie conceined with measuies directed 
toward reducing gastiic acidity By fai the greatest attention has been 
paid to the use of colloidal aluminum hydroxide Emery and Ruther- 
foid,-® for example, like most wiiters, have found that symptoms of 
ulcer appear to be readily lelieved by the administration of this sub- 
stance, without any interfeience with the acid-base balance They 
think that there may be some slight absoiption from the gasti ointestmal 
tiact but feel that this pieparation avoids all dangei of producing 
alkalosis They at fiist employed the continuous drip method of Wold- 
man, but subsequently found that in most instances the oial adminis- 
tiation of the diug was efficacious, an impoitant point inasmuch as it 
simplifies the entire pioceduie for the average patient It is quite 
probable that the diip method of treating ulcer is applicable only to those 
patients who fail to lespond to other measuies, and these authors’ expe- 
riences aie similai to those of almost all obseiveis 

The beneficial effect of aluminum hydi oxide gel appeals to depend 
almost entirely on its action on gastric acid Quigley, Einsel and 
Meschan administered massive doses of the preparation to dogs foi 
seventy-nine days without any significant effect on the time of gasti ic 
evacuation or on the histologic stiucture of gasti ic tissue, and the 
gastric secretory response to histamine was only transiently i educed 
Ordinary amounts failed to produce any significant change in the 
motility or tone of the stomach or pyloric antrum The authois believe 
that m human beings the reaction is similai but that in the presence of 
ulcer or other pathologic changes in the stomach the prepaiation might 
have additional effects on gastric evacuation and secretory activity 
Fauley, Ivy and collaboratois were unable to demonstrate on the 
basis of animal expei imentation any piophylactic value of aluminum 

26 Etnerj'-, E S , Jr , and Rutherford, R B Studies on the Use of Aluminum 
Hydroxide Gel in the Treatment of Peptic Ulcer, Am J Digest Dis 5 486, 1938 

27 Quiglej^ J P , Einsel, I H and Meschan, I Some Effects Produced in 
the Normal Stomach by the Ingestion of Moderate and Massive Quantities of 
Aluminum Hydroxide Gel, J Lab & Clin Med 24 485, 1939 

28 Fauley, G B , Ivy, A C , Terry, L, and Bradley, W B An Attempt to 
Pre^ent Postoperative Jejunal Ulcer by Aluminum Hydroxide Therapy An 
Experimental Study m !Mann-Wilhamson Dogs, Am J Digest Dis 5 792, 1939 
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hydioxide in the pieventioii of jejunal ulceis in jMann- Williamson dogs 
In spite of the fact that laige doses and a laige senes of animals weie 
used, theie was no evidence that the admmistiation of aluminum 
hydioxide pi evented the occuiience of jejunal ulceis As a niattei of 
fact, the authors expiessed the belief that the medication caused a 
decrease in appetite with a lesultant diminution in food intake and a 
moie lapid loss of weight They suggest that its use be avoided m 
patients suffering from peptic ulcei complicated by a lelative pancieatic 
and biliaiy insufficiency oi a gastioentei ostomy 

Repoits on the contiol of gastiic acidity by magnesium tiisilicate 
continue to appear, typical lepoits being those of Reid and Tidmaish 
and Baxter The lattei authors found that the addition of ati opine 
and phenobarbital to magnesium trisilicate was of theiapeutic value in 
that it brought about moie lestful nights, less apprehension and noimal 
intestinal function 

The entile question of antacid tlieiapy as i elated to peptic ulcei 
has been leviewed m an excellent article by Adams His leview of the 
subject discloses nothing new but brings the entiie mattei up to date 
and presents it ciitically There is a consideration of twenty-four 
substances that are administered oially to combat gastric acidity m the 
tieatment of ulcei, in addition to comments on the use of inucm and 
hydiogen peroxide The advantages and disadvantages of using these 
various substances are discussed with due regaid to the chemical or 
physical activity of each and any unpleasant symptoms that may follow 
Its use The details of the phaiinacologic action of each aie piesented 
From the entiie list Adams chooses colloidal aluminum hydioxide as 
the most appropiiate medicament available at the piesent time foi the 
contiol of gastric acidity 

An article by Eisele on changes in the acid-base balance dm mg 
alkali tieatment foi peptic ulcer also presents nothing new but is moie 
or less claiifymg as fai as a complete summary of the various occui- 
lences associated with alkaline theiapy is concerned He points out 
succinctly the facts pertinent to the use of alkali, namely, that an occa- 
sional patient may sustain injuiy to the kidneys fiom alkali therapy 

29 Reid, C G The Contiol of Gastric Hvperacidit} by Magnesium Trisili- 
cate. Am J Digest Dis 6 267 , 1939 

30 Tidmarsh, C J , and Baxter, R G Magnesium Trisilicate in Treatment 
of Peptic Ulcer, Canad M A J 39 358, 1938 

31 Adams, W L A Crictical Evaluation of Gastric Antacids, Arch Int !Med 
63 1030 (June) 1939 

32 Eisele, C W Changes m the Acid-Base Balance During Alkali Treatment 
for Peptic Ulcer Clinical Analysis of Alkalosis m TwenU -Eight Patients, Arch 
Int Med 63 1048 (June) 1939 
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and that almost certainly a preexisting renal disease will be aggravated 
by this form of treatment He shows that during the treatment with 
alkalis the work of the kidneys is greatly increased In effect, he pre- 
sents a good argument foi the use of other forms of antacid 

A very timely and pertinent short article is that of Hollandei on 
effective neutralization of gastric contents In a few lines Hollander 
piesents moie clearly than is usually done the important considerations 
m regard to antacid theiapy He points out that the important con- 
sideration IS the influence of the pn of gastric juice on peptic activity 
For the neutiahzation of free acidity a terminal pn of about 3 oi 3 5 
IS generally accepted, although complete neutiahzation of gastric acidity 
requires elevation of the p^ to at least 7 Hollandei calls attention 
to the fact that the “acid-pepsm” factor is the major one m the genesis 
of peptic ulcer and that an effective reduction m gastric acidity mini- 
mizes the influence of this factor For this pin pose, howevei, the 
attention must be focused on acidity in relation to pepsin activity rathei 
than solely on the figures for acid dilution Peptic activity piactically 
ceases at a /)h of 4 5 to 5 Complete neutiahzation of all organic acids 
IS not necessary, nor does it offer any additional benefits, and Hollander 
suggests that, in contradistinction to the free acidity end point and the 
total acidity end point as a critical value in antacid theiapy, there be 
introduced the proteolytic neutiahzation point, i e, the pn at which 
digestion of protein in the stomach is reduced to a minimum 

A statistical study of a large number of analyses of gastric content 
(2,877) IS of some interest in this connection The greatei part of the 
article is given to a discussion of the significance of gastric acidity 
after stimulation by histamine with comments on the wide variation 
in values One of the conclusions of the authois (Ruffin and Dick®*) 
IS probably an important one m regaid to the diagnostic value of gastric 
analysis They state that if free hydrochloric acid is present after 
stimulation with histamine, the actual level of acidity is of little, if any, 
diagnostic significance In other words, the authors by inference sug- 
gest that much of the diagnostic value of gastric analysis has been over- 
emphasized They also point out that the range of gastric acidity after 
histamine stimulation in normal persons is so great that it is impossible 
to determine what values are to be taken as evidence of normal acidity, 
hyperacidity or hypoacidity In this series the incidence of achlorhydria 

33 Hollander, F What Constitutes Effective Neutralization of Gastric Con- 
tents? Am J Digest Dis 6 127, 1939 

34 Ruffin, J M , and Dick, M The Significance of Gastric Acidity After 
Histamine Stimulation A Statistical Study of 2,877 Gastric Analyses, Ann Int 
Aled 12 1940, 1939 
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m normal controls compares closel}^ with the findings of others A 
particularly interesting finding is that 24 patients (5 4 pei cent of the 
series) with active duodenal ulcers, as sho^\n by x-ray pictures, had no 
free acid aftei stimulation with histamine 

A series of leports have appealed i elating to the le\el of ascoibic 
acid in the blood of patients with peptic ulcer No new facts ha\e 
been piesented, howevei, following the oiigmal finding that, along 
with othei conditions that are associated \\ith a limitation of diet 
the plasma values for vitamin C are low Some interest attaches to 
the report by Warren, Pijoan and Ernery,^® which summaiizes studies 
of vitamin C saturation in a small group of patients with active duo- 
denal ulcei It was found that these patients utilized 20 per cent more 
ascorbic acid than do noimal persons There was no evidence that 
they weie unable to absorb the drug when it was gi\en by mouth 
These authois point out an important fact that the usual Sippy diet 
contains much less than the noimal requiiement of vitamin C, but 
they do not feel that evidence exists at piesent that vitamin C theiapy 
has any direct healing influence on ulcei 

The use of pectin as piophylactic and curative of expeiimental ulcers 
m animals was studied by Winters, Peteis and Ciook“® A control 
group of dogs were tieated with cinchophen, and typical ulcers were 
produced in each instance Of 9 dogs similarly tieated except for the 
addition of pectin to their diet, 8 did not acquire ulcei s Two animals 
which weie proved by operation to have cinchophen ulcei s were subse- 
quently tieated with both cinchophen and pectin These animals weie 
put to death on the twfent 3 ^-first and tw^enty-fifth days, respectively, 
aftei operation, and postmortem examinations show^ed well healed ulcers 
Further repoits as to the value of pectin in the therapy of ulcei, espe- 
cially m human beings, are needed in determining wdiether this prepa- 
lation constitutes an addition to the present armamentarium for the 
tieatment of ulcer 

The appearance of a large numbei of articles on the treatment of 
bleeding ulcer is evidence of a renew^ed inteiest in the optimum treat- 
ment for the patient sufiteiing from a massive hemorrhage Theie is a 
wude diveigence of opinion as to the details of therapeutic measures, 
but there can be little doubt that the experience of most observers war- 
rants the assumption that such patients should be treated by medical 
measures except on raie occasions There is geneial agreement as to 

35 Warren, H A , Pijoan, M , and Emerj, E S , Jr Ascorbic Acid Require- 
ments in Patients wnth Peptic Ulcer, New England J Med 220 1061, 1939 

36 Winters, M , Peters, G A , and Crook, G W Pectin as a Prophj lactic 
and Curative Agent for Peptic Ulcers Produced Experimentalh with Cinchophen, 
Am J Digest Dis 6 12, 1939 
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the fact that massue hemoiihage fiom an ulcer involves lelatively 
slight iisk when the patient is under the age of 45 )’^eaiSj and the vast 
majority of obseivations lead one to the conclusion that the policy of 
withholding food fiom a patient with a bleeding ulcei is definitely 
unwise Various modifications of Meulengiacht’s liberal dietary legi- 
men are lepoited, but the fundamental principles of small frequent 
feedings of simple food instituted without delay aftei a massive hemoi- 
rhage seems to be agieed on with few exceptions It is probable that 
the details of the dietaiy legimen in such an emeigency aie of i datively 
minor importance Iheie is rarely a patient in the younger group and 
a slightly laigei percentage of the patients ovei the age of 45 years for 
whom surgical measures must be consideied The danger of a gastric 
surgical operation in the presence of massive hemorrhage is so gieat, 
however, that the decision to operate should be i cached onl}’^ after a 
careful consideration of the patient’s case by both the physician and the 
surgeon When surgical measures are indicated, they should not be 
delayed beyond forty-eight hours after the oiiginal hemorrhage An 
excellent discussion of the surgical aspects of the problem is presented 
by Pfeiffei,®^ and a cleai exposition of the difficulties in deciding on 
such an emergency operation is added by Miller and Elsom from the 
point of view of the internist 

Statistics on the actual moitahty fiom bleeding ulcer still leave 
much to be desired Hesser lepoits an inteiestmg series which 
includes 122 cases of ulcer with 2 or moie hemonhages In this gioup 
of cases of ulcer with recurrent hemoirhages there weie only 4 deaths, 
3 of which occurred m patients over the age of 60 Herhhy presents 
a report of twelve months’ experience with Witts’ modification of 
Meulengracht’s routine No patients were operated on, and there was 
a mortality of 4 per cent He stresses the important point'of not hand- 
ing the surgeon a “f oi loi n hope ” 

An important article is that of LaDue,*’^ as it refeis back to the 
original work of Lenhartz, m 1906, who gave an egg albumin and 
milk diet immediately aftei hemoirhage in 146 cases, with a mortality 
of 2 14 per cent LaDue’s work properly gives ciedit to Andresen, 

37 Pfeiffer, D B Gastric Hemorrhage, JAMA 111 2198 (Dec 10) 
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38 Miller, T G , and Elsom, K A The Management of Massive Hemor- 
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whose report in 1927 of the treatment of bleeding ulcei b} chetar} 
measures should have received much moie attention than it has Andre- 
sen’s methods have been carried out by LaDue, who states that in 
principle they correspond to those subsequently introduced b} iSIeulen- 
giacht Transfusion by the giavity drip method is accepted by most 
authors as a valuable and important adjunct to the tieatment of patients 
with bleeding ulcer’ It is rather suipiising to note, houevei, that in 
LaDue’s report, based on Andiesen’s teaching, tiansfusion and the 
intravenous administration of fluids aie consideied to be contiamdicated 
This is not 111 accordance with the experience of most wiiteis, who 
are convinced that drip tiansfusion does not cause any appreciable use 
m blood piessure and is beneficial rather than otheiwise 

Browne and McHaid) lepoit on 131 patients with bleeding ulccts, 
showing a mortality in those treated medically of 3 4 pei cent The\ 
do not advocate the immediate institution of feeding aftei hemoiihage 
They recommend the continuous aluminum In dioxide drip method sug- 
gested by Woldman as the tieatment of choice during the first few 
days after hemoirhage Ciohn and Leinei agiee as to the value of 
conseivative medical tieatment foi such patients but state that their 
expel lence wuth Meulengiacht’s diet has not been encouraging The) 
still piefei staivation dining the eaily peiiod of tieatment 

Fuithei experiences in the tieatment of this fieqnent complication 
of ulcei aie lequiied befoie a complete evaluation of the details of 
medical management can be obtained, but the piesent indications aie 
that some modification of the piinciple of fiequent small feedings of 
simple food given immediately after hemoiihage has ceased will be 
found advisable Whether the geneious dietaiy permitted by Meulen- 
giacht IS piefeiable to the more limited one advocated by Andiesen, 
consisting essentially of gelatin and cereals, remains to be seen At 
piesent many authois piefei the admimsti ation of vitamin C as an 
adjunct to the medical treatment of the patient noth bleeding Ulcer, 
but It IS geneially admitted that theie is no satisfactoi) exidence as 
yet that this foim of theiapy is lational 

Attempts are still being made to study the retention of nitiogen 
and the high blood urea follownng massive gasti ointestmal hemonhage 
Little new'' has been added to Chiistiansen’s work, but a leport bv 
Boist IS of some mteiest This author gnes a detailed study of 3 

42 Browne, D C, and McHard\, G Management of Peptic Ulcei Hemor- 
rhage, Am J Digest Dis 6 87, 1939 

43 Crohn, B B , and Lerner, H H Gross Hemorrhage as a Complication of 
Peptic Ulcer, Am J Digest Dis 6 15, 1939 

44 Borst, J G G Hyperchloremia and Hj pei azotemia in Patients with 
Recurrent Massive Hemorrhage from Peptic Ulcer, Acta med Scandina\ 97 C8, 
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patients with gross hemorrhage showing retention of nitrogen and 
chlorides in the blood and a low level of chlorides in the urine The 
retention of nitrogen is attributed to an increased formation of urea 
from the blood in the intestinal tract The concentration of urea in 
the urine remains high until the blood volume is restored During 
posthemorrhagic dilution of the blood the kidneys excrete neither sodium 
nor chloride, with the result that if sodium chloride is given, the plasma 
chlorides rise markedly above normal, with excessive amounts of 
potassium being excreted m the urine He advocates drip transfusions 
for the purpose of restoring red blood cells and plasma protein and 
the administration of fluids at the same time until the concentration 
of urea in the urine drops below maximum and the chloride content 
rises He also advocates the determination of urea clearance as the 
best method of measuring the severity of the shock Although the find- 
ings corroborate the results of previous studies and are of interest, it 
seems possible that too much therapeutic and prognostic importance 
has been assigned to this interesting phenomenon of nitrogen retention 
following gross hemorrhage Clinical experience seems to suggest that 
simple determinations of red blood cells, hemoglobin and fluid balance 
plus close observation of the pulse and blood pressure are preferable 
and more reliable criteria for determining treatment and prognosis 
than these moie complicated measures 

Black corroborates the evidence for a lowering of urea clearance 
in this condition and states that in the 12 cases which he studied the urea 
clearance rose to normal within a week after the hemorrhage He 
believes that there is some correlation between red cell volume and urea 
clearance and that his estimations indicate some degree of impairment 
of renal function, although present evidence is insufficient to establish 
definitely the mechanism of the renal impairment 

Dill and Isenhorn^® present observations as to the incidence and 
cause of fever in patients with bleeding peptic ulcer Two hundred male 
patients who were proved to be suffering from peptic ulcer were studied, 
and 53 per cent were found to have a slight elevation of temperature 
(over 99 F ) Of the group with bleeding ulcers, 80 per cent were 
febrile, whereas only 46 per cent of the patients with nonbleeding ulcers 
had an elevated temperature In a group of patients without demonstra- 
ble organic disease, 37 per cent of the patients showed evidence of some 
elevation of temperature (i e , 99 F or above for more than two days, 
99 2 F or above for two days, or any single rise above 100 F ) A com- 
parison of these with the patients who had ulcer showed that the latter 

45 Black, DAK Urea Clearance in Hematemesis, Lancet 1 323, 1939 
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presented an elevation of lempeiatuie more fiequently tlian patients 
without demonsti able organic disease, a tendency inci eased b\ hemot- 
ihage Anemia, with oi without evidences of gioss hemoriliage, seems 
to mciease the tendency towaid a slight elevation of tempeiatuie The 
conclusion reached by the authors that the absoiption of blood degiada- 
tion products plays little pait m the pioduction of fevei seems lathei 
unwaii anted, however, m view of then own obseivations and iho^e of 
otheis Their suggestion that patients with gastric neuroses aie rela- 
tively pi one to slight elevations of temperatuie is of inteicst and is 
piobably coirect 

In view of the foregoing findings the lepoit of Demole and Pei ret *" 
legal ding the speed of sedimentation of led cells m cases of gastro- 
duodenal ulcer IS of some inteiest Using Westeigien’s technic, they 
studied 102 cases Theie was a noimal sedimentation late m SO per cent 
of the cases of simple uncomplicated gastioduodenal ulcer, the rate was 
acceleiated in 63 pei cent of the cases of ulcer complicated by stenosis, 
penetiation oi bleeding A point of mteiest is that gioss hemoiihage 
apparently does not cause immediate acceleiation of the sedimentation 
rate The authois obviously suggest that an elevated sedimentation rate 
should make one suspicious that complications have arisen in an otliei- 
wise simple ulceit 

The surgical tieatment of peptic ulcei is still somewdiat unsettled, tiie 
diveigent points of view langing from those of Finsterei and Berg to 
those of moie conseivative surgeons It wnll be w^orth while to suggest 
the soundness of the point of view^ expressed by Cutler,*® wdio comments 
on the type of opeiation to be employed m cases in wdiich suigical intei- 
vention is indicated In a review'- of the surgically treated patients at 
the Roosevelt Hospital betw'een the yeais 1934 and 1937, the following 
guiding principles m the choice of operation have been evolved (1) 
The opeiation must be of such a natuie that the particulai patient can 
tolerate and sunnve it, (2) not only should it aim at the allcMation of 
symptoms, but it should give freedom fiom the likelihood of complica- 
tions, both eail)'- and late, (3) the ideal procedure having been detei- 
mined, it should be abandoned at operation if tlie condition w'anants 
It One might add as a fouith desideratum that a final decision for or 
against suigical inteivention should lest on a balancing of risks, namely, 
the risk of operation as opposed to the risk of a continuation of non- 

47 Demole, M, and Ferret, P E Notions statistiques sur la \itcsse de 
sedimentation dans I’ulcere gastro-duodenal. Arch d mal dc I’app digestif 29 194, 
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surgical measures The type of surgical procedure to use in the 
treatment of peptic ulcei must always remain an individual decision m 
a given case 

Most authors who are experienced m the treatment of peptic ulcer 
will be m general agreement with the conclusions expressed by Allen 
and Welch, who point out the maiked change m such therapy during 
the past twenty years Prompt surgical mteivention is indicated for the 
patient m whom acute peifoiation develops and is occasionally required 
m an episode of massive bleeding Thorough medical care is indicated 
for all others Patients in whom cicatricial obstruction of the pylorus 
develops do well with gastroenterosiom}' , those m whom ulcers develop 
which are intractable to medical cai e or \\ Inch have been associated with 
massive hemonhage should receive subtotal gastrectomy That a gastro- 
enterostomy IS still the opeiation of choice in a few of the older “poor 
risk” patients is the opinion of most conservative physicians and sur- 
geons, and m patients thus treated, even in the absence of obstruction, 
favorable results are usually obtained 

As a commentary on the futility of ill advised surgical treatment, the 
report of Finsterer is important He reviews his own surgical results 
in 331 patients (of 2,753) on whom previous operations had been per- 
formed for the relief of symptoms of ulcei Exclusive of operations 
for acute peiforation, acute hemorrhage oi gastrocolic fistula his 
mortality figure was 8 6 per cent The operation most frequently per- 
formed prior to that done by the author was gastroenterostomy (m 190 
patients), with a subsequent failure of the original ulcer to heal or the 
formation of a jejunal ulcer Six and eight tenths per cent of those 
patients who previously had undergone gasti oenterostomy died as a 
result of further surgical operation, whereas the mortality from an 
operation after a previous resection was 23 5 per cent Finsterer states 
that the occurrence of a jejunal ulcer aftei a ladical resection of the 
stomach is always due to technical faults, an indication for extreme 
caution m advising this radical procedure 

The necessity for special care of the “poor risk” patient is being 
more clearly recognized by physicians and surgeons alike When sur- 
gical treatment is indicated, the preoperative and postopei ative nutrition 
may be of pai amount importance m the reduction of mortality and the 
avoidance of postoperative complications, such as nutritional edema at 
the site of operation For this reason the closest collaboration between 
the ph} sician and the surgeon is necessary' for the production of optimum 

49 Allen, A W , and Welch, C E Peptic Ulcer Considered from a Surgical 
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results, a fact that is universally lecognized b} the most experienced 
suigeons Attention has lecently been diiected to^^ard tins phase of 
the surgical management of ulcer by such men as Ravdm m this 
country 

In a discussion of recuirent peptic ulceiation aftei gastric opeiation 
Kelly specifically emphasizes the impoitance of the avoidance of all 
kinds of rigid starvation befoie and after any operative procedure, and 
several methods of postoperative feeding aie introduced Of these, a 
jejunostomy accompanying or following the original opeiation oi the 
introduction of a double lumen tube thiough the stoma into the jejunum 
at the time of opeiation, as advocated by Abbott and Rawson,'’' deseives 
senous consideiation 

The parenteial administration of vitamins as an adjunct in these 
difficult cases has been stressed by vaiious authors, and paiticular stiess 
has been laid on the need for vitamin B complex and for vitamin C A 
specific indication foi the use of the latter pi eopei atn ely and postopera- 
tively was originally suggested by the woik of Lanman and Ingalls and 
has been further emphasized by the recent work of Bartlett, Jones and 
Ryan,°^ who show that apparentl}^ theie is a stiikmg need for ascorbic 
acid during the early peiicd of wound healing immediately aftei 
operation 

The necessity for adequate amounts of piotein m these patients is 
generally recognized, but so fai the problem of suppljing it has been 
only partially solved by the use of frequent blood transfusions In this 
connection the work of Elman and Weiner'^® is of extieme interest and 
leads to the hope that eventually some preparation will be evolved which 
contains adequate amounts of nitrogencus mateiial and ^\hlch can be 
admmisteied intiavenously These authois aie the fiist to leport the 
intiavenous administration of a mixture of ammo acids to human beings 
as a means of parenteial protein alimentation The mixtuie vas obtained 
by the addition of 2 per cent tryptophan and cystine to the product of 
acid hydiolysis of casein No evidence of toxicity was observed if the 
injections weie given slo^^l} The injected ammo acids were rapidl} 

51 Ravdm, I S , Stengel, A , Jr , anJ Re.gel, C The Control of H 3 popro- 
teinemia in Surgical Patients, J A kl A , to be published 
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utilized, as was indicated experimentally and clinically by the nitrogen 
balance, the legeneiation of serum protein and the reduction of nutri- 
tional edema This mixture was administered to about 20 patients, but 
only 8 received large amounts for more than one or two da}S The 
method is still too expensive for piactical purposes, largely on account 
of the necessity for the addition of tiyptophan, which is essential for the 
support of normal nitrogen metabolism, but the idea is sound, and the 
necessity for such a procedure will undoubtedly lead to inoie practical 
results 

Accurate knowledge of the postopei ative appearance and function 
of the stomach after subtotal resection is still lacking, although roent- 
genologic and gastroscopic studies are gradually accumulating The 
importance of these studies is obvious inasmuch as they undoubtedly 
help to explain the persistence of many troublesome symptoms after 
radical opeiations One such study is that reported by Shekhter,'*® who 
made roentgen observations in 60 cases of subtotal resection foi ulcer 
Eleven cases iveie studied during the three months after gastric opera- 
tion, and 10 cases w^ere studied for periods of two, three and five years 
after operation Careful observations w'ere made on the inflammatory 
mucosal edema, wnth narrowing of the stoma and delay m gastric 
evacuation, which appeared shortly after resection This edema dis- 
appeared in uncomplicated cases m the course of three months, leading 
to the type of evacuation characteristic for many given types of resection 
The need for correlation of such observations with dnect gastroscopic 
observations is obvious 

Cancel — Cancer of the stomach of necessity attracts a good deal of 
attention, but the means of making an early diagnosis of this condition 
still leave much to be desired Hurst has contributed an article on 
cancer of the alimentary tract that is rather inteiestmg, particularly in 
Its analysis of cancer statistics Various social stiata in England are 
studied and a comparison made with similar strata in Holland Hurst 
brings his account of cancer of the stomach up to date and discusses its 
genesis in a general but interesting fashion He quotes Cramer to the 
effect that the total incidence of cancer is approximately the same in all 
countries, all classes and both sexes but expresses the view that the 
incidence of cancel of the stomach shows a remarkable difference in 
different nations and classes Thus cancer of the stomach accounts for 
only 22 per cent of deaths from cancer in males in England, compared 
with 45 per cent in Sweden and 55 per cent in Holland It is twice as 
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frequent in the lower social classes in England as among the well-to-do, 
whereas the incidence of caicmoma of the colon and lectum is the same 
m both classes A comparison between the figures obtained fiom Gin s 
Hospital and othei English geneial hospitals i epresenting the English 
poor and those obtained fiom New Lodge Clinic, lepiesentmg the 
well-to-do and fiom Univeisity Clinic of Amsteidam and Utiecht shows 
that 111 Holland the stomach is involved m 37 per cent of cases of cancel 
of the ahmentaiy tract as compaied wnth 63 pei cent m England In 
agieement with other authors he sti esses the appaient impoitance of the 
excessive use of alcoholic beveiages and tobacco m association with 
cancel of the esophagus One impoitant point m legaid to cancel of 
the colon is Huist’s impiession that it is not found with any greatei 
fiequency in patients suffering fiom diveiticuhtis than m the geneial 
lull of patients 

Anothei excellent presentation of this subject is that of Joidan 
wdio leports on 251 cases, m 187 of which the caicmoma w'as considered 
Opel able The age incidence, the localization of the cancel and the i ela- 
tion to achloihydiia aie all discussed She emphasizes the importance of 
pel iodic check-ups for patients wdio have achlorhydiia, especially when 
it IS kiiowni to be in association wnlh healed gastric ulcei Instead of 
accepting the usual defeatist attitude that is held by so many memlieis 
of the medical piofession, she makes a plea foi “rugged individualism ’ 
in the tieatment of cancel of the stomach, wnth disiegaid foi the aieiage 
discoui aging prognosis of the disease This attitude is waiian'ed b) 
the fact that in a senes of appioximately 100 cases m wduch the patient 
was follow’’ed aftei lesection of a tumoi the patient lived foui leais oi 
moie aftei opeiation m almost one seventh of the instances 

A point of some clinical mteiest is that raised b) Riveis and Dn 
in a discussion of pam m relation to cancel of the stomach In a geneial 
w^ay it can be said that patients wnth cancel of the stomach w^hose gasti ic 
secretion is noimal oi above are much more likely to expeiience pain 
than those wdio have achloihydiia oi only a tiivial amount of hidro- 
chloiic acid Such a point is not unexpected but is woith) of mention 
An unusual case report of Phillips and Rivei s should be mentioned 

111 wduch 2 caicmonias involved the stomach in the same patient, with an 
eleven yeai inteival betw^een them The fiist tunioi appeared when the 
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patient was 22 years of age, was extremely malignant but was success- 
fully removed, and the patient sur\ived for eleven years, at which time 
he was operated on a second time, again for cancer of the stomach If 
the second tumor represented a recurience, the interval of freedom from 
symptoms is of interest However, the fact that the histologic appear- 
ance of the second growth appeared definitely diffeient from that 
removed at the first operation makes it probable that the second cancer 
arose independently of the first one 

A note by Dobbs on the treatment of pyloric stenosis with atropine 
methylmtrate (eum}drine) may be mentioned A senes of 20 infants 
with pyloric stenosis were treated with this diug, and 16 were appaiently 
cured Three were operated on successfully after atropine methylmtrate 
had failed to relieve vomiting One infant died dm mg treatment with 
the drug The diagnosis of pylonc stenosis was based on a typical 
history, visible peiistalsis and a palpable pylonc tumoi Dobbs points 
out that dehydration and alkalosis weie relieved by the subcutaneous 
administration of physiologic solution of scdium chloiide before the 
administration of the diug H) pcdeimcclyses vere used as long as the 
intake of fluids by mouth was insufficient 

Another article referable to pylorospasm is that of Wolfe,®- who 
leports 5 cases in which the condition simulated luptured or perforated 
peptic ulcer Pi ompted by the similarity between spasm of the digestive 
tract and bronchial spasm, the authoi conceived the idea of administering 
epinephrine as a diagnostic measure Marked i elief of the spasm of pain 
was observed in five to fifteen minutes m every instance The author 
feels that in the presence of perfoiation epinephrine would have no eflfect 
and that theiefoie its use constitutes a diagnostic method of importance 
The procedure is of interest, although one is inclined to believe that a 
careful physical examination would permit a correct diagnosis m most 
instances The piocedure is accompanied by no risk however and 
conceivably may be of real diagnostic value 

Gasti oscopy — The latest addition to methods for the diagnosis of 
disease of the stomach, gastroscopy, has been thoroughly leviewed 
during the past year Few, if any, new obseivations have been added 
to the large number made by Schindler, Benedict and numerous others 
A comprehensive summary of the entire subject has been presented 
by Schindler,®® which will be found authoritatne by those interested 
in this extremely important subject 
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A technical modification of the flexible Wolfe-Schindler gastroscope 
has been devised by Jennings'"'^ It consists of an instrument \\ilh a 
magnetic control of the objectives The author claims that it gues a 
closer view of lesions of the lesser curvature and diminishes blind areas 
although it fails to give complete visualization of the antrum It is 
used in conjunction with a narrow angle gastroscope It is questionable 
whether this modification offers any real advantages over the instrument 
at present in almost universal use 

Observations on the effect of acetylsalicylic acid and of certain other 
substances on the stomach are reported by Douthwaite and Lintott * 
They confirm the general impression that acetylsalicylic acid is a gastric 
irritant and apparently may produce submucous hemorrhages and 
chronic gastritis The calcium salt of acetylsalicylic acid seems to be 
the least irritating preparation available 

Schindler calls attention to the importance of localized gastric 
purpura as evidenced by mucosal hemorrhages and round accumulations 
of pigment, found most frequently about 3 cm above the angulus along 
the lesser curvature These absorb slowly, and the lesion may occa- 
sionally develop into a hemorrhagic erosion He suggests the possibihtv 
that such a hemorrhagic lesion may precede the occurrence of the acute 
stage of gastroduodenal ulceiation He also presents an excellent 
summary of gastroscopic observations made on 23 patients with perni- 
cious anemia, 3 of whom were examined before and after adequate 
treatment and 14 of whom were observed only after intensive therap) 
All of the untreated patients showed superficial gastritis with atrophy, 
or patchy or diffuse atrophy After treatment 4 patients showed no 
improvement in the gastric mucosa, and an additional patient showed 
progression of gastric atrophy under adequate therapy Seven patients 
who had received proper treatment of the underlying condition showed 
a normal mucosa of the gastric antrum, wdnle in another there was 
almost complete regeneration of the gastric mucosa In 4 patients all 
portions of the stomach appeared to be absolutely normal He explains 
these findings by assuming that in pernicious anemia there are two 
separate diseases of the stomach, he supposes that primarily there is 
a dysfunction of the mucosal cells which produce the antianeinic factor 
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and that secondarily theie is degeneration of the surface epithelium with 
superimposed gastritis, which may or may not heal when the deficiency 
state IS eliminated The secondary inflammation is usually associated 
with similar disturbances of the tongue and intestine, dysfunction of 
the hemopoietic apparatus and combined degeneration of the spinal cord 
At times, he believes, one may see a severe but reversible atrophic 
gastritis without associated blood changes, and suggests that a new 
term be substituted for that of “antianemic factor ” The article is 
more complete than any other previously published on the subject, and 
It confirms many of the previous findings 

Robertson comments on the findings in cases of ulceiative gastritis 

111 relation to residual lesions He describes m detail the microscopic 
appearances of stomachs with healing oi incompletely healed lesions 
and emphasizes the importance of frequency of superficial mucosal 
hemorrhages, citing Beaumont’s original observations He states that 
the hemorrhages that are due merel}' to overdistention of capillary loops 
are alwaj^s followed by necrosis and subsequently by more or less heal- 
ing From these superficial lesions, deeper and more extensive ulcera- 
tions into the muscularis may occur, with distortion of the gastric 
architecture, and these are similar to the lesions produced experimentally 
with cmchophen The residual (unhealed) lesions of “ulcerative gas- 
tritis” appeal to be the most common lesions of the gastiic wall The 
author quite correctly objects to the use of the term “chronic gastritis” 
without modification 

Bank and Renshaw piesent an inteiestmg attempt to correlate 
observations of the secietorj’' and motor functions with gastroscopic 
findings In 50 patients with chronic superficial gastritis no character- 
istic secretion was noted Hyperacidity was found in 50 per cent of 
the patients and anacidity in 25 per cent, these figures diftering from 
those in other reports which have included all forms of gastritis The 
authors claim that the incidence of anacidity is greater in this group 
of patients than in the group without gastrointestinal symptoms, but 
unfortunately they do not take into consideiation the age distribution 
Chronic superficial gastritis, according to Bank and Renshaw, is char- 
acterized by a delayed emptying time in more than half of the patients, 
and patients \Mth achlorhjdria and gastritis fail to show hypermotihty 
Sixty-five additional patients with gastroduodenal ulcerations were 
studied by means of the gastroscope to estimate the relationship between 
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gastiitis and six hour retention as observed in roentgen examination 
The conclusion was reached that gastiitis is not dependent on ictcntion 

An article by McNeer and Baiowsky'*^ based on moie than 200 
gastioscopic examinations of 143 patients contains certain points of 
importance The authors show that the belief that true aclnlia is an 
expression of atrophy of the gastric mucosa is not suppoitcd b} gas- 
tioscopic study This, of course, is in agreement with numerous 
lecorded obseivations on patients with pernicious anemia in i emission 
One obseivation, while not oiiginal, is impoitanl, namely, that gastiitis 
may occasionally simulate a gastiic neoplasm to such an extent that 
even gastioscopically it may be difficult to differentiate between the 
twm This IS paiticularly tiue in occasional cases of diffuse sciiihous 
cai cinoma 

SMALL IXTLSTIXE 

Aside fiom a consideration of duodenal ulcei the articles concerning 
this poition of the alimentaiy tiact deal primaril} with pathologic oi 
anatomic abnoimalities and foi the most part aie of onl\ modciate 
mteiest One article on the physiology of the small intestine is that 
of Althausen and Stockholm'^ These authois. who ha\e been intei 
ested m the absoiptive activity of the small bow'el for some time, leport 
on the influence of the th 3 ioid gland on absoiption m the digestive 
tiact Admmistiation of a thyioid extiact to rats markedly inci eased 
the absorption of dextiose, galactose, x}lose and oleic acid but did not 
affect the absoiption of alanine Thyroidectomy caused consideiable 
reduction in the absoiption of dextrose, and the absorption of xylose 
in lats tieated wnth th}roxm w'as increased, appaiently by abnoinnlly 
lapid emptying of the stomach The absoiption of dextrose, galactose 
and oleic acid w^as inci eased with thyroxin tieatment, piobabl} because 
of a stimulation of the mechanism of phosphorylation This increased 
absoiption of dextiose appeals to take place chiefly in the small intes- 
tine Althausen's findings indicate that the thyroid hoimone influences 
intestinal absorption mainl) by inci easing phosphor} lation and by stim- 
ulating gastric emptying The discover} that thyroxin specificalh 
stimulates the absorption of substances susceptible of phosjihon lation 
and that phlorhizin inhibits this stimulating action confiims \Tr/aTs 
theoiy of selective intestinal absorption through phosphoi} lation Clin- 
ically, altered absoiption is an impoitant factor in the production of 
abnormally high sugar tolerance cuives m patients with h}perth}ioidism 
and unusuall} low^ sugai tolerance cui\es in patients with mxxedema 

70 McNeer, G . and Barowsky, H A, Gastroscopic Stiuh of the Incdcnce ol 
Chronic Gastritis in Common Gastric Afflictions, Am J Digest Dis 6 180, 1939 

71 Althausen, T L. and Stockholm, M Influence of the Thjroid Gland on 
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A report by Lieber, Stewart and Lund contains a good statistical 
study of 222 cases of carcinoma of the prepapillary portion of the 
duodenum, and includes 17 of their own cases It should be pointed 
out that inadequate roentgen studies seem to have been made in the 
vast majority of cases, which may explain the fact that in only 17 per 
cent of the cases was the condition correctly diagnosed previous to 
operation The mortality following operative treatment of the condition 
IS extremely high, representing 50 per cent of the 122 cases that came 
to surgical attention There was 78 per cent mortality among 51 
patients subjected only to palliative surgical treatment for obstructive 
jaundice, whereas of 57 patients who had the primary growth resected, 
only one third died Jaundice occurred in practically all of these 
patients, pain in about two thirds and fever in one third A palpable 
mass was noted in only 4 patients, although the liver was palpable in 
three fourths of the patients and the gallbladder in one half 

Foshee and McBiide report a case of leiomyosaicoma of the 
duodenum, obviously a rare condition inasmuch as only 5 othei cases 
are mentioned in the literature In most of the reported cases the 
tumoi occurred in the third portion of the duodenum It is of interest 
that in these cases roentgenograms offered no diagnostic aid, with a 
single exception In every case the tumor was very large but did not 
cause stenosis or dilatation of the ‘ bowel Surgical removal was 
extremely dangerous because of probable damage to the superior mesen- 
teric artery or its branches with subsequent changes in the bowel Foui 
of the patients were operated on, and 5 of the 6 patients died of 
pulmonary embolism or pulmonary thrombosis 

Two cases of diverticulum of the duodenojejunal junction are 
recorded by Raven and are of interest only because of the rarity of 
a diverticulum occurring in this position 

Weiss discusses the etiologic factors of megaduodenum and reports 
on the abnormality as observed in 6 members of the same family during 
three generations In 5 of these 6 patients there weie associated con- 
genital abnormalities In discussing the condition he notes that persons 
in whom it is congenital may remain symptom free for years, and he 
advises only conservative treatment for those patients who complain 

72 Lieber, M M , Stewart, H L, and Lund, H Carcinoma of Prepapillarj' 
Portion of the Duodenum, Ann Surg 109 383, 1939 

73 Foshee, J C , and McBride, W P L Leiomyosarcoma of the Duodenum 
Report of a Case and Review of the Literature, JAMA 112 2497 (June 17) 
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74 Raven, R W Diverticula of the Duodenojejunal Flexure, Lancet 1 203, 
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75 Weiss, W Zur Aetiologie des Megaduodenums, Deutsche Ztschr f Chir 
251 317, 1938 
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of mild peristaltic disturbances He expi esses the opinion that surgical 
intervention may be necessar} if the s}mptoms are senous but quite 
correctly states that gastroentei ostomy, duodenojejunostom) and a Bill- 
roth II type of opeiation with a terminolateral gastroenterostoni} all 
fail to help He advocates modification of the Billroth II opeiation 
as devised by Roux It is impoitant to point out. however, that the 
most favoiable lesults leported in relation to suigical treatment in this 
condition are probably examples of wishful thinking, and surgical 
measures should be considered only after all other methods have failed 
to provide reasonable control 

Increased mteiest m diseases of the small bowel has been obvious 
during lecent years With improved methods of roentgenologic exam- 
ination, possibly with intubation of the small bowel and with closei 
attention to the exact lefeience of the pain expeiienced in these condi- 
tions, there is no doubt that more accurate diagnoses aie possible than 
previously Lesions such as those reported by Shaw can frequently 
be localized, even though their exact nature cannot be definitely diag- 
nosed Refeience is made to his article merely because of the importance 
of considering the somewhat unusual but not too infrequent lesions 
of the small bowel Shaw reports 5 cases of polyposis of the small 
intestine, a relatively laie clinical entity but of importance because of 
the tendency towaid malignant degeneration Preoperative diagnosis 
IS difficult, laigely because eaily signs and symptoms are insufficient 
to cause patients to consult a physician Frequently such lesions are 
first brought to the attention of the surgeon because of an abdominal 
ciisi'^ caused b}^ intestinal obstruction from intussusception It is worthy 
of lemark that patients suffering from these and similar lesions fre- 
quently complain to a doctor of umbilical distiess, which in itself is a 
symptom that should always call attention to the possibility of disease 
of the small intestine 

Ileitis continues to be the subject of numeious ai tides, but little 
has been added to knowledge of the disease except as to its clinical 
manifestations An unusual leport is that of Brown and Scheifly," 
who present data on 3 siblings, 2 sisters and a brother, who exhibited 
various manifestations characteristic of regional enteritis A second 
brother was known to have intestinal distuibances presenting man} 
similar featuies, but pei mission to examine his colon and ileum have 
not been obtained The report is of interest inasmuch as it is extremely 
rare for either colitis oi enteritis to occur m more than one membei 
of a family In commenting on the tieatment of the disease the authors 

76 Shaw, E A Pob'posis of the Small Intestine Report of Fnc Cases, New 
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considei that lesection of the diseased poition of the howel is the 
therapeutic procedure of choice at present but express the hope that 
a better understanding of this unusual condition may in the future 
offer a less radical treatment 

This conservative point of view as regards therapy of regional 
enteiitis is one that is occasionall}^ voiced, and leports similar to that 
of Kross ‘ ® must not be overlooked He i epoi ts the i esults in 3 cases 
m which the bowel was operated on to an extent which would usuall)' 
be considered inadequate In the first patient only the appendix was 
removed and the diseased bowel was left undisturbed , a second patient 
had onty an enterostoiity , and the third, a “side-tracking” colostomy 
These patients had no lecurrences during peiiods of five and a half 
four and thi ee-quarters and one and a quaitei yeais, respectively 
Although numeious instances can be obtained of fairly oi very satis- 
factor}'’ 1 espouses to conservative medical management of the condition, 
it IS obvious that in the present state of knowledge suigical operation 
must constitute an impoitant form of therapy 

Because of suggestive clinical and experimental evidence that the 
disease may originate m the mesenteric h mphatics, Mixtei and Stai r 
believe that the successful results following resection of the affected 
ileum depend piimarily on wide excision of the involved mesentery 
and Its l}mph nodes The}' also believe that failure to cany out this 
type of tieatment may beai a definite i elation to the recun ences fre- 
quently observed aftei surgical tieatment 

The question of the amount of small bowel that can be safely 
resected is paiticulail} pertinent to the subject of ileitis Vaiious 
studies have appeared fiom time to time on food absoiption in patients 
who have had poitions of the bo■^^el removed West and co-woikers 
present such studies on digestion and absoiption in a man with 3 feet 
(90 cm ) of small intestine This patient had five resections of the 
small bowel over a period of eleven years, Mith less than a foot (30 
cm ) of jejunum lemaining At exploration, several months piior to 
metabolic studies, the remaining small howel was found to be dilated 
and hypertrophied almost to the size of the noimal large intestine It 
was found that undei the existing conditions about 25 per cent of the 
ingested piotem and 45 pei cent of the fat uere lost in the feces, 
representing appi oximately 25 per cent of the caloiific value of ingested 
food Practically all of the caibohjdrate in the diet was absoibed 

78 Kross, I Terminal Ileitis Conservative Surgical Treatment, Am J 
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and utilized A high calcium and viosteiol intake was necessai} in 
order to keep the man in a positive calcium balance, and. with what 
was appaiently only about one sixth of the small bowel lemaimng .i 
fairly satisfactoiy existence w'as possible Fat absorption would appeii 
to be the chief limiting factoi necessitating anything like the noimal 
length of small bow^el The legulation of diet in this case may well 
be utilized as a guide to the dietar} treatment of patients with similai 
conditions 

The causes of ileus of the small intestine aie wqW known Two 
recent repoits aie of some mteiest m this connection Adamson and 
Hild report the development of com])lete obstruction of the ileum 
in an infant within thiity-six houis after bnth The obstiuction was 
primarily due to a packing of the low^ei 18 inches (45 5 cm ) of the 
ileum wuth inspissated wz\y meconium and associated intussusception 
below the mass Twenty-two othei cases aie lepoited m the liteiatuic 
although the condition must be considered as a rarity 

Another unusual lepoit is that of Badertscher,®- w4io desciibes a 
tuple intussusception of the ileum m a child as a result of an auto- 
mobile injury This case leport is only the fourth m the literatuic of 
tiaumatic intussusception, although numerous cases of multiple intus- 
susception in children have been described Lapaiotomy showed the 
ileum to be mtussuscepted in three places Reduction w^as possible, 
with complete lecovery 

The diagnosis of partial oi complete intestinal obstiuction is still 
a problem to be solved largely on the basis of clinical experience It 
is true, however, that many physicians are still unaw'are of the diagnostic 
help that can be obtained fiom the roentgenologist once the condition 
is suspected Although theie is little, if anything, new m the aiticle 
on loentgen diagnosis of complete and partial intestinal obstruction b\ 
Solis-Cohen and Levine,®® the importance of this diagnostic pioceduie 
is properly emphasized They stiess the extieme diagnostic impor- 
tance of flat or survey roentgenograms of the abdomen m the carh 
stages of acute intestinal obstiuction and the need foi examining patients 
in the pi one, supine and upiight positions With other loentgenologists 
they agiee that the absence of a stepladder appearance does not rule out 
ileus and indicate that they consider the appearance of trapped gas and 
hail pm turns as among the eaihest signs of acute intestinal obstruction 
Excellent illustrations accompaii} the article 

81 Adamson, E W , and Hild, J R Meconium Ileus, J \ A 112 2275 
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Another detailed discussion of roentgen signs to be observed in this 
condition is presented by H^yer,®'* who gives a particularly full descrip- 
tion of the roentgen signs to be noted in the first twenty-four hours of 
obstruction of the small bowel, before the development of diagnostic 
clinical signs and symptoms He reviews the details of Kloiber’s 
original studies of 100 cases and illustrates the findings to be made by 
roentgenologic examination without contrast mediums m his own 46 
cases He stresses the importance of fluoroscopic examination for 
noting changes in the fluid levels as an impoitant differential point 
between mechanical and paralytic ileus Among other important diag- 
nostic points he mentions the more or less complete absence of gas 
from the large bowel in the presence of an obstruction of the small 
bowel 

The treatment of intestinal obstruction by intubation is again con- 
sidered by Abbott The technic foi intubation of an obstructed 
bowel, he has previously desciibed Obseivations on 27 patients are 
presented, and the entire article, including a discussion of the con- 
dition, IS extremely sound and clinically important The data, together 
with the enclosed diagrams and roentgenogi ams, are convincing The 
author points out that passage of a tube to the point of obstruction is 
of particular value because it converts a situation calling for emergency 
measures into one in which the time of operation, if this is performed 
at all, becomes a matter of election He lecognizes that the great contra- 
indication to intubation is gangrene and that success with the procedure 
therefore demands excellent clinical judgment Failuie to relieve symp- 
toms as the intubation proceeds should be the indication for a decision 
to operate If, on the othei hand, pain and vomiting abate following 
intubation, and there is disappeai ance of distention, time is gained for 
further study and for insuring piopei nourishment of the patient 
Abbott concludes from his observations 

Intubation not only rarely adds to the hazards of acute intestinal obstruction, 
but frequently improves the condition of the patient, increases his comfort, enables 
the physician to determine the character of the obstructing lesion, simplifies its 
resection when that proves necessary, safeguards convalescence, and above all 
contributes to safety by converting an emergency'' condition into one completely 
under the physician’s control 

The prevention of paialytic ileus following operation is discussed 
in an inteiesting aiticle b} Cairne}^®® who does not include ileus due to 
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peritonitis Although the aiticle describes no new measures, the authoi 
summarizes theiapeutic pioceduies in a logical manner and one worth} 
of piesentation Moiphme is administered if needed during the fust 
foity-eight hours aftei opeiation On the thud moimng Canncy 
examines the abdomen with a stethoscope for evidences of penstal'^is 
If this IS piesent, an enema is given, and if good lesults are obtained, 
the enema is followed by an aperient If peristalsis is absent and dis- 
tention IS commencing, piostigmme and acetylcholine are administered, 
followed by an enema Morplime is given only at night, for crampy 
pain If no peiistalsis and no distention are present, one has the choice 
of employing an enema or fiist using prostigmme and acetylcholine 
Canney warns against using an apeiient until satisfactory lesults have 
been obtained by an enema 

Demidova in one of several articles published m a sympo'^ium 
on acute ileus describes changes in the blood pictuie m this condition 
and in incarcerated hernia In 100 cases of mcaicerated hernia theie 
was a moderate increase in the number of red cells and the peicentage 
of hemoglobin before the possible appearance of dehydration 1 he 
author thinks that these changes were due to stimulation of the vegeta- 
tive nervous system with an outflow of red blood cells from leseixc 
depots These changes are accompanied by mild leukocytosis In 158 
cases of acute intestinal obstruction an elevation of the led blood cell 
count was noted up to 6,000,000, of the hemoglobin up to 120 per cent 
and of the white blood cell count up to from 12,000 to 30,000, wnth a 
distinct shift of neutrophils to the left In the cases of ileus of the 
small bowel the increases m the number of red cells, hemoglobin and 
white cells were never more marked than the corresponding increases 
observed in an equal number of cases of obstiuction of the sigmoid 
The author concludes that the blood picture reflects three stages of 
obstiuction (1) a slight initial increase of red cells, hemoglobin and 
white cells, due to initial pain and irritation wnth stimulation of the 
vegetative nervous system, (2) a subsequent use, which he attnbutes 
to intoxication, dehydration and an increase m the viscosity of the 
blood, (3) with beginning infection, peritonitis and further intoxication 
and subsequent leukopenia 

Another well worn subject that of late has deservedly alti acted a 
gieat deal of attention is appendicitis In spite of innumerable articles 
on the subject, mortality from this cause remains at an appalling!} 
high figuie, and it is to be noted with regret that, if anything, theie 
IS a highei moitahty from appendicitis among physicians than among 
the laity Among numerous articles, a few have been chosen Keliv 
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and Watkins®® present an interesting leview of the lesults in 1,000 
consecutive cases of acute, simple and chionic appendicitis in which 
opeiations weie peifoimed within lecent 3 eais and contrast the results 
wnth those obtained in 1,000 similai cases lepoited by the same authors 
m 1931 The lesults m the series under discussion show no gieat 
variation fiom those previously repoited except foi a sharp inciease 
in the death rate noted foi those classified as instances of the acute 
suppurative type of appendicitis This inciease lose from 9 per cent 
in the fiist series of cases to a moitality of 23 pei cent m the grotm 
- undei discussion The authoi s believe that this rather alai mmg increase 
in mortality is due to a delay in operating because of economic changes 
during the depression years and a tendency to use home remedies, 
including purgatives, as well as to factors complicating diagnosis The 
same increase in the numbei of deaths fiom acute appendicitis is noted 
in an entirely similai lepoit made by Quam and Waldschmidt on twm 
1,000 case studies repoited m 1928 and 1934, respectivelv These 
authors reported a mortality of 18 8 per cent during the depression 
years, as compaied with a mortality of 10 pei cent prioi to that time 
The question of deferring operation in the presence of peritonitis 
due to rupture of an acutely inflamed appendix in a child is discussed 
by Elman The decision to postpone operation, he thinks, depends 
not so much on the presence or absence or degree of peritonitis as on 
the general condition of the child In a group of 181 children operated 
on for peritonitis following rupture of an acutely diseased appendix 
the total mortality was 15 5 per cent Thirty-three were classified as 
extremely toxic, and, of the remaining patients, only 9 succumbed, 
making a mortality of 6 pei cent m the nontoxic group The mortality 
was 70 per cent m those operated on at once and only 30 per cent in 
those operated on after a delay of from nine to twenty-four hours, 
whereas m the nontoxic gioup the condition w^as reveised, a delay in 
operation causing a 15 per cent mortality as opposed to a mortality of 
only 3 5 per cent m those children operated on immediately These 
figures seem extremely high in the face of another repoit by Bruce,®® 
who operated on 467 childien suffering from acute appendicitis, with a 
total mortality of only 1 9 per cent, until one realizes that Elman’s 
patients were selected from a group whose appendixes had ruptured 
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Love considers that in those cases of appendicitis in which there is 
a palpable mass this is due either to abscess or to local peritonitis In 
discussing the danger of immediate operation he reports an average 
mortality of 6 per cent or more, as opposed to an average mortality of 
under 3 per cent m cases in wdiich he used expectant medical treatment 
He IS careful to point out that expectant treatment is not particularly 
suitable for children and old people 

The numerical importance of appendicitis among college students 
has received much attention in recent years, and an illuminating article 
IS that of Schmidt and Joachim,®- wdio repoited on 1,303 students with 
appendicitis encountered at the Umversit) of Wisconsin 

The question of the treatment of the chronically disturbed appendix 
continues to receive consideration, but little, if anjlhmg new or impor- 
tant has been presented An undoubtedly correct point of view is that 
of Sw^alm and Morrison,®® who plead for a conservative attitude tow ard 
appendectomy for “chronic appendicitis ” They stress particularly the 
infrequency with which this condition is correctly diagnosed m the 
presence of the syndrome of a spastic, irritable or unstable colon 

Reference should also be made to a thoughtful study by Shelley of 
881 cases of “chronic appendicitis ” Shelley believes that he has 
adequate evidence that such a clinical entity exists, but he emphasizes 
the extreme importance that should be paid to a definite localization of 
physical findings and to the nature and frequency of attacks Although 
presenting an obviously surgical point of view, the author is extremely 
careful to insist on the utmost diagnostic care in ruling out other con- 
ditions simulating appendicitis The article is w^ell w'orthy of careful 
perusal 

Intestinal tuberculosis still presents difficulties m diagnosis and treat- 
ment Tsigelnik ®® discusses in some detail 150 cases of this condition 
and points out one important factor, namely, that symptoms w'ere 
entiiely absent in 6 of 50 persons w'ho came to autopsy wuth this diag- 
nosis and for whom the diagnosis w^as confirmed Of the 150 aises, 
roentgen study following a banum sulfate meal and enema gave positne 
results m 80 per cent, occult blood w^as noted in the stools m 18 per 
cent, and hypochromic anemia (hemoglobin under 60 per cent) was 
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noted in 80 per cent Of 50 cases in which treatment was by pneumo- 
peritoneum, the author reports that remission for a period of twelve 
months or more was obtained in 32 Like other writers, he stresses 
the importance of an attempt at prophylaxis of intestinal tuberculosis 
through correction of habitual constipation, instructions not to swallow 
any sputum and collapse therapy to render the sputum bacillus free 
In a rather poorly written article on the same subject Hardt and 
his collaborators report some observations of interest on the treatment 
of intestinal tuberculosis m 238 cases Favorable results are attributed 
by the authors m part to the administration of calcium gluconate by 
mouth, intravenously or intramuscularly Ultiaviolet ladiation is 
thought to have aided the favorable results obtained by the use of 
calcium As m the preceding article, collapse therap}'- is mentioned as 
an important factor m the treatment of gasti ointestmal tubeiculosis, 
probably through improvement m the pulmonaiy condition and a lesult- 
mg decrease m the number of bacilli m the sputum These authors also 
emphasize the necessit}'’ of consistent and careful expectoration ”as a 
piophylactic measure It seems possible that the advantages of calcium 
theiapy are somewhat ovei emphasized by these woikers inasmuch as 
of 163 patients showing improvement in gastrointestinal symptoms, 
134 had received collapse therapy 

A review of the theiapeutic aspects of the treatment of intestinal 
tuberculosis is presented by Mayer and Dworkm,®' who point out the 
excellent results frequently obtained by the cautious use of roentgen 
and the enthusiastic use of ultraviolet theiapy 

Chan and Cohen have detei mined the incidence of intestinal tubei- 
culosis m necropsy studies of patients who died of tuberculous anthraco- 
sihcosis and patients who died of pulmonaiy tuberculosis without 
anthiacotic immlvement The incidence of intestinal tuberculosis ivas 
appi oximately 50 per cent m the subjects without anthiacosis, wdiereas 
it occurred m only 20 pei cent of patients showing anthracosis as well 
as pulmonary tuberculosis 

An interesting clinical repoit on disease of the small bow^el is found 
m an article by Wolpaw,”® m which he describes 3 cases of ulcerative 
h} pel plastic tuberculosis of the small intestine Although this is occa- 
sionally a cause of intestinal obstruction, its larity, together v/ith the fact 
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that as a rule it is unaccompanied by evidence of actne pulmonaiy dis- 
ease, makes the leport of importance This is paiticularly so because 
a reasonably eaily diagnosis of the condition ma} fieqiienth be followed 
by successful suigical lemoval of the local lesion 

LARGE INTESIINL 

The physiology of the laige intestine has been studied b} Jackman 
and Baigen,^°® who intioduced a balloon into the human colon thioiigh 
a colostomy opening and obseived the efifect of \aiious drugs commonh 
used to lessen the tone of the musculatuie of the bowel Of the sjiasmo- 
lytic drugs employed, glyceiyl ti initiate and amyl niliite wcie found to 
be the most consistently efficacious in deci casing the motility of the laigc 
bowel The inciease in tone follownng the use of moiplimc, as noted in 
othei investigators, was again demonstiated, and it apjieaied that 
benzedime sulfate did not lesult in an} great deciease m bowel tone 
Syntropan (a phosphate of 3-diethylamino-2.2-dimeth}lpiop\lcstci of 
tropic acid) and tiasenlin (a synthetic estei of diphen}lacetic acid and 
diethylaminoethanol), synthetic chemical substances lesembhng atiopine 
appealed to be as effective aiitispasmodics as ati opine, without the 
undesirable toxic effects of the lattei It is to be noted. howe\ei, that 
benzedime, syntropan and tiasentin w'eie administered inliamusculail). 
a method of administiation that is not oidmaiily emploied thera- 
peutically There is still a leal question as to the therapeutic efficiency 
of these iiew^ei synthetic pieparations wdien administered b} mouth 
The fact that they are moie expensive and possibly no beltei than simple 
all opine deiivatives should be lemembeied m lecommending their use 

The same authois^®^ earned out furthei studies on the innuence of 
papaveime on the musculai tone of the intestinal tiact PajiaAeiine 
hydrochloi ide alone oi combined with pantopon (a mixtuic of the h}dio- 
chloiides of the opium alkaloids) has seemed to be of value in ielie\ing 
the abdominal ciamps and fiequent puiulent blood} discharges in colltl^ 
The evidence obtained expei imenlally by Bargen and Jackman sub- 
stantiated the antispasmodic effect of the papa\eiine compound It 
appears that it has ceita^i advantages o\ei mniphine sulfate in cases 
in wdiich one desiies to immobilize the intestine or put it at lest 

The findings of Be}ei and Meek in a stud} on the effect of 
benzedime sulfate on intestinal actuit} aie in agi cement with those of 
other in\estigatois Onl} b} using excised intestinal stiips and high 
concentiations of the diug could the} denionstiate ain effect on the 
intestine 

100 Jackman, R J , and Bargen, J A Influence of Certain Antispa«modic 
Drugs on Intestine of klan, Surg, Gcnec & Obst 67 61 1938 

101 Bargen, J A, and Jackman, R J Influence of Papa\enne on Muscular 
Tone of the Intestinal Tract Surg, Gjnee and Obst 68 749, 1939 
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Further studies on the effect of certain parenterally administered 
drugs on the colon of the dog were earned out by Wolffs"’ A series 
of experiments were performed on trained unanesthetized dogs hawng 
Thiry or Wella colonic fistulas, in order to determine the effect of a 
number of drugs on the motility of the colon The drugs were admin- 
istered parenterally, and lecordings were obtained by means of rubber 
balloons with a kymographic recoiding apparatus It was found that 
calcium salts, physostigmine, hypertonic salt solution and acetylcholine 
produce increased tone and increased motility Solution of posterior 
pituitary U S P , pitocin, pitressin, ephedrine, histamine and epi- 
nephrine cause decreased tone and decreased motility Pitocin produces 
the most striking depressive effect Hypertonic solution of dextrose 
and parathyioid extract have little or no effect on colonic motility 
Physostigmine and ephedrine used togethei produce marked stimulation 
of colonic motility as do also ph 3 'sostigmine and acetylcholine admin- 
istered simultaneously 

The effect of karaya gum on colonic activity was studied clinically 
by Ivy and Isaacs in a group of 23 patients The authors studied 
the action of the gum, a hygioscopic substance which absorbs water and 
expands considerably, and noted that it absorbs and holds a large 
quantity of ivater and causes only a negligible amount of fermentation 
It IS not appreciably disintegrated in the alimentary tract and does not 
appreciably affect digestion of starch or inhibit utilization of vitamin A 
It does tend to increase fecal excretion of nitrogen to some extent, and 
111 animals as w’ell as in human beings it causes an increased number of 
defecations, increases the bulk and moisture of the stools and does not 
cause any detectable irritation It reliei'ed constipation in about 80 per 
cent of the persons in w^hose treatment it was used Ivy and Isaacs 
conclude that it produces no harmful effects and is not habit-forming 
and that it may prove a valuable addition to the treatment of patients 
with intestinal difficulties 

An unusual study on the physiology of the alimentary tract is that 
reported b}^ Haddock and Heath on the excretion of iron from the 
digestive tiact A histologic study of the entire digestive tract of the 
dog and of an explant of the colon before and after administration 
of iron revealed no evidence that iron can be observed in the process 

102 Wolff, L H The Effect of Certain Parenterally Administered Drugs 
on the Colon of the Dog, Am J Digest Dis 6 243, 1939 

103 Ivy, A C , and Isaacs, B L Karaj a Gum as a Alechamcal Laxative An 
Experimental Study on Animals and Man, Am J Digest Dis 5 315, 1938 

104 Maddock, S , and Heath, C W Is Iron Excreted by the Gastrointestinal 
Tract of the Dog? A Histologic Study, Arch Int Med 63 584 (March) 
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of excretion Tiaces of iron seen in the nails of the stomach and 
large bowel nere consideied to be in a state of stoiage rathei than of 
excretion 

Ulcerative colitis, as usual, has received a laige amount of attention 
and It is becoming appaient that the nature and history of the disease 
is moie clearly understood at the present time than in lecent xears 
It seems fan to state that the causes of the condition are still unknown, 
although vaiious w^oikers have attempted to find a causatne organism 
There is almost complete agreement that the diplostreptococcus gioup 
of Baigen is piobably a secondary iinadei, and attempts to pio\e that 
Bacillus dysenteriae is the usual lesponsible agent are still far from con- 
vincing An excellent symposium on the entire subject has been pre- 
sented by Mackied°“ Jones and Willaid and associates^”' In these 
three articles the question of therap\ is fairly completely cocered fiom 
both medical and surgical points of view' A peiusal of the discussion 
m this symposium should be of real value to those interested in this dis- 
ease, a malady wdneh presents one of the most difficult problems of the 
day The conclusions in Mackie’s papei may well be quoted 

1 Chrome ulcerative colitis appears to be the coinplcs expression of the 
interaction of several different factors 

2 The disease exhibits an inherent tendcnc\ to progression and relapse 

3 Although the prognosis under medical management is good in the patho- 
logically mild and moderatelj advanced case, the term “apparenth arrested” 
should be substituted for “cured ” 

4 Prolonged joint medical and surgical obser\ation is essential for the patho- 
logically ad\anccd case 

5 Combined medical and radical surgical treatment offers the best prognosis 
for many of the pathologically ad\anccd cases 

Jones comments on the extreme!} bad prognosis of the so-called 
fulminating form of the disease, a type that usuall} can be recogm^ed 
by the cunous velvety, diffuse!} oozing appearance of the rectum and 
lectosigmoid at sigmoidoscopic examination Such a condition, as a 
rule, lesponds badly to eithei medical oi surgical measures Among 
other important points noted in the discussion b} \\ illard and collabor.i- 
tors IS the fact that the extent of in\olvement as shown in roentgeno- 
grams does not constitute a reliable prognostic sign Mackie and the 
other writers point out the absolute necessity for a close correlation 

105 Mackie, T T Medical Management of Chronic L'lceratne Cohli-'. 
J A M A 111 2071 (Dec 3) 1938 

106 Jones T E Surgical Treatment of Ulceratnc Colitis, JAM \ 
111 2076 (Dec 3) 1938 

107 Willard, J H Pessel J F Hundle} T M , and Bockus, H L 
Prognosis of Ulceratne Colitis J A. M 111 2078 (Dec 3) 1938 
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between medical and surgical management m dealing with these patients, 
who present all the extieme manifestations of deficiency disease and 
chronic infection 

Among various ai tides contiibuting to a better understanding of 
the disease, attention should be directed to that of Paulson,^®® who dis- 
cusses the confusion frequently existing in the consideration of rectal 
lesions due to lymphogranuloma venereum and idiopathic ulcerative 
colitis or othei lectal lesions associated with stiictuie Paulson dis- 
cusses experimental and clinical evidence which supports the view 
that the virus of lymphogranuloma veneieum found in intestinal dis- 
chaige (bowel antigen) oi tissue (bowel tissue antigen) is of pathogenic 
significance When the bowel antigen reaction is positive it indicates 
that the virus of lymphogi anuloma venereum is in the bowel tissue or 
the discharge fiom which it is obtained He claims that the only direct 
clinical method now available to determine the piesence of the virus in 
such sources is m the use of bowel antigen Bowel antigen is important, 
because the clinical picture is not pathognomonic, and the so-called 
lymphogranuloma veneieum is not always caused b} tbe viiiis of this 
disease In some cases a condition clinicallv indistinguishable from 
nonspecific ulceiative pioctitis and colitis is found m association with 
the viius of lymphogranuloma veneieum by means of bowel antigen 
The pathologic picture giossly and histologically is not pathognomonic, 
and the use of bowel antigen may aid m the difterential diagnosis The 
use of Frei antigen alone in difficult cases is not adequate, because the 
patient may give no reaction to the Fiei antigen, nhereas bowel antigen 
may indicate the presence of the vnns (aneigy) A positive Frei 
reaction may be produced by an antedated oi healed mi us infection or 
by one completely unrelated to the existing bowel distuibance Paul- 
son’s observations are of moie than speculative inteiest and may help 
to differentiate another small but important group of cases of so-called 
idiopathic ulceiative colitis 

One of the most impoitant contiibutions to an undei standing of 
the subject is found in the biilliant obseivations of Lium Using a 
method of colonic explantation, Lium was able to demonstiate m dogs, 
by direct visualization of the colonic mucosa, that the explants leacted 
to various stimuli by spasm of the colonic musculatuie Whethei pio- 
duced by mechanical stimulation, paiasympatheticomimetic diugs or 
dysentery toxin, this spasm lesulted in damage to the ovei lying epithe- 

108 Paulson, M Bowel Antigen Clinical Use of a New Method to Determine 
the Presence of Virus of Lymphogranuloma Venereum in the Differential Diagnosis 
of Intestinal Involvements, JAMA 112 1788 (May 6) 1939 

109 Lium, R Ktiology of Ulcerative Colitis Effect of Induced Muscular 
Spasm on Colonic Explants in Dogs, with Comment on Relation of Muscular 
Spasm to Ulcerative Colitis, Arch Int Med 63 210 (Feb ) 1939 



JONES— GASTROENTEROLOGY 


873 


lial structure, with resultant hemorrhage and ulceiation The mode 
of action of d 3 ^sentery toxin m producing ulcerations of the muco<?a i^- 
thus apparently through the injurious effects of smooth muscle spasm 
In association with muscular contractions of the explant the secretion 
of mucus IS immediately increased When muscular hyperactnit} con- 
tinues, only thin, water}^ material, inadequate for protects e purposes 
IS secreted Ulcerated areas are not covered with a coating of mucus 
until they have healed, thus being exposed to trauma from the passing 
current Even after returning to a normal gross appearance, the 
regenerating epithelium is moie sensitive to trauma than the normal 
epithelium of a colonic graft Lium discusses the possibiliU that 
ulcerative colitis ma) be conceived as a specific leaction to a numbet 
of influences which can initiate spasm of the colonic musculatuie These 
include possible hypei activity of the parasympathetic ner\ous system, 
infections such as bacillaiy dyseniei}^ and vitamin deficienc} Once 
the colon becomes spastic, it is an organ that can jiroduce damage to 
its own suiface stiuctures Exhaustion of the secretion of mucus, 
togethei with nutritional deficiency, may contribute to the pre\cntion 
of healing That muscular spasm may be lesponsible for lesions of 
the mucosa of other poitions of the gastiointestinal tiact is suggested 
by certain of the experiments undei discussion, as well as b} a leintei- 
pretation of the work of otheis 

Lium and Portei contribute an impoitant anahsis of 6 fatal cases 
of ulceiative colitis Stool cultures and agglutinations foi d}senteiy 
were negative in 5 of the 6 cases Of the observations at neciopsy that 
weie considered to be of importance, the chief ^\as the distribution 
of the lesions At the junction of the lectum and sigmoid the ulcera- 
tions developed in thiee lows lunning longitudinalK In places the 
ulceiations extended between the longitudinal rows of ulcers and seemed 
to follow a lineal pattern, which was found to he dn ecth o\ ei the tenial 
bands In addition to the usual histologic featuies, special attention 
was diiected to the absence oi marked diminution of mucus in the 
epithelial cells in eaily lesions, observed in all sections The arrange- 
ment of the most severe lesions m ulcerative colitis is such that tht} 
he directly over the most powei ful muscles in the colon and the authors 
suggest that there may be a distinct relationship between the inusclc'- 
and the lesions The eaily stage of ulceiatne colitis can be simulated 
expel imentally in animals b}^ hjpermotiht}^ and spasm of the colonic 
muscles, features that are piominent in the disease The authors con- 
clude “It seems highl} probable that ulcerative colitis is primarih 

110 Lium, R, and Porter, J E Obscr\ations on the Etiolog\ of Ulceratne 
Colitis III Distribution of Lesions and Its Possible Significance, Am J Path 
15 73, 1939 
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a disease caused by intense muscular spasm and h^permotility, and that 
therefore the distribution of the lesions follows a muscular pattern 
Whatever infectious element is present may well be due to secondary 
involvement of damaged areas caused by musculai overactivity ” It 
IS not difficult to draw an infeience from a comparison between these 
striking observations of Lium and Porter and the many cases ui 
which ulcerative colitis appeals to have its origin in an unstable and 
overstimulated autonomic neivous system The changes visualized by 
Lium following the action of parasympathetic drugs aie not dissimilar 
to those reported by White and Jones and bear a direct relationship to 
the clinical observations of Sullivan, Murray and others 

Further clinical confirmation of the impoitance of considering indi- 
vidual leactions in relation to ulcerative colitis is contributed by Witt- 
kower,^^^ who presents a psychologic analysis of 40 patients with ulcera- 
tive colitis In 37 of these, psychologic abnormalities and disorders 
were present that were far bey’^ond the lange of individual difteiences 
observed m the average population and weie found to antedate the initial 
symiptoms of the colitis Of these 37 patients, 17 had obsessions, 12 
had gross hysteria, and 6 weie classified as peisons of schizoid or 
depressive mentality There were no universally' common precipitating 
conflicts, but the authors suggest that the psychologic factor seems to 
be the most constant cause in this disease, although admitting that the 
etiologic problem is far fiom being solved They conclude that observa- 
tion of patients with ulcerative colitis appears to justify an attempt at 
psy'chotherapy for selected ones with early forms of this disease, a 
conclusion that is m accordance with the opinion of others It should 
be pointed out, howeyer, that psy'chotherapy should be instituted with 
extreme caution inasmuch as there is real dangei that dining the course 
of treatment the symptoms of colitis may' be aggravated to a dangerous 
degree 

Specific measures for the medical tieatment of this disease continue 
to accumulate in much the same way' that ulcer therapy has piogressed 
in recent y'ears Cheney,”^ following the suggestion that deficiency plays 
an important lole in ulcerative colitis reports on 8 patients treated by 
laige injections of concentrated liver extract and thiamin chloiide In 
the majority of these other methods of treatment had failed to be of 
benefit, and in all satisfactory remissions were obtained, with clinical 
and sigmoidoscopic improvement Although there can be little doubt 
that satisfactory remissions accompanied the administration of liver 

111 Wittkower, E Ulcerative Colitis Personality Studies, Brit M J 
2 1356, 1938 
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extiact, to which the authoi gnes cicdit, it is impoitant to lenicmhei 
that similar i emissions occur spontaneous!} and fiequenth in this 
disease It should be pointed out that, although credit is gnen to h\er 
extract, m lealit} the treatment included the administiation of large 
amounts of vitamin Bj in addition to the use of the medical measuies 
that are commonly emploNed Cheney’s conclusions are at best sjiecula- 
tive, and while no means of proem ing impiovement in this dangeious 
disease should be overlooked, one feels that the inteipretation of hi^ 
lesults should be moie guarded 

Anothei leport of theiapeutic interest is that of Gainshoiough " 
who tieated 6 patients by cod livei oil retention enemas The author 
f lankly states that the method was not ceitainly cuiatuc, hut he believes 
that it was efficacious m shoitening the illness in some patients and in 
reducing pain He points out that these patients were moie toleiant to 
cod livei oil enemas than to othei local applications, a statement that 
causes one to question wdiethei as a theiapeutic measuie the method is 
not merely palliative, although as such it should be legaided as .i 
possible valuable adjunct to therapv 

The degree of deficiency that may occur dm mg the course of ulceia- 
tive colitis is leemphasized by Lernei and Rapaport who desciibe 
the results of biophotometric studies m 30 peisons sufleiing from this 
disease Appioximatel} one third of the patients showed evidence of 
inability to adapt noimally in the daik. a largei percentage than is 
found m any geneial hospital gioup The conclusion seems justified 
that avitaminosis A constitutes one of the complications encounteied 
in this disease and emphasizes the necessity foi intensive vitamin theiapv 

Although the use of pectin has, for sev'eial yeais been advocated 
as an important theiapeutic measuie in the treatment of ulceiative 
colitis, the expel lence of most clinicians has not been paiticularlv 
favoiable Recent articles, hovvevei, bv Block and associates " and 
by Arnold”'' suggest the possible theiapeutic value of nickel pectinate 
as a therapeutic measuie woithy of tiial Block and associates piesent 
a compaiativ^e studv of the effects of pine pectin and nickel pectinate 
administeied to 95 patients with bacillaiv dvsenteiy Pine pectin wa‘' 
found to be ineffectiv^e, but definite improvement was observed in ever} 
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patient following the use of nickel pectinate Improvement was apparent 
m the appearance and geneial condition of the patients and was accom- 
panied by the disappearance of acute symptoms, tenesmus and bloody 
diarrhea and by an increase m weight There seemed to be no contra- 
indications to its use, and no allergic or untowaid reactions were 
observed following the administration of the drug Arnold, m animal 
experiments, confirmed the finding of lack of toxicity in nickel pectinate 
administered in large doses to young rats There was no interiup- 
tion of the growth over an eight week period of observation, and 
no pathologic changes were demonstrable He further apparently shows 
by in viti o experiments that many of the metal pectinates possess 
definite bactericidal activity, although puie pectin seems to show none 
Of the preparations studied, silver pectinate possesses the greatest 
bactericidal activity of any, but nickel pectinate also shows some It 
IS of some interest that dififeient metal pectinates apparently have indi- 
vidual bactericidal powers that vaiy with different organisms, such as 
Bacillus typhosus and Bacillus cob 

It was to be expected that sulfanilamide and sulfanilamide derivatives 
would be tried m the treatment of such a chionic and dangerous disease 
as ulcerative colitis Although it is altogether too early to draw con- 
clusions on the efficacy of such therapy, at least from published data, 
the article by Bannick and associates is of interest In a preliminary 
report they suggest the use of neoprontosil (disodium 4-sulfonamido- 
phenyl-2'-azo-7'-acetylamino-l'hydroxynaphthalene-3'. 6' disulfonate) 
and suggest that the prompt subsidence following the use of the drug 
111 mildei conditions was due to this particulai medication They recog- 
nize, howevei, the characteristic occuiience of spontaneous i emissions 
and are extremely cautious in di awing any conclusions They have no 
hesitation in suggesting that the drug may be useful m milder forms 
of the disease and that it may help to bung about improvement m the 
underlying condition Fuither studies with this particulai theiapeutic 
agent will be of extreme interest 

While discussing diseases of the laige bowel it is piopei to refei to 
a report by Mansans This concerns only a single pedunculated rectal 
tumor, but the conclusions diawn from the case are of diiect clinical 
importance The rectal tumor was removed by diathermy, and the pro- 
cedure was followed by the development of peritonitis and death 
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Microscopic examination ot the tumoi “showed adenocaicinoma whicii 
had giown deep into the musculai is The entire thickness of the nui''- 
cularis, as well as the seiosa, was found in the iemo\ed jiortion indi- 
cating that the suigeon had unwittingh remo\ed a pait of the inte‘'tinal 
wall The author cites 2 cases of gastric tumoi m \\hich the uall of 
the stomach was diawn up into the tumoi so that the giowth ajiiieaied 
to have a peduncle He points out the danger of attempting rcmo\al 
of such a tumoi inasmuch as section of the ajipaient peduncle results 
m a faiily laige opening, as noted m the aforementioned case An 
additional point of caution which he might ha\e stiessed is the real 
danger of lemovmg a lectal giowth h\ simple cauteiization 

GCXCRAL CLINICAL COXSIDLRATIOXS 

Of geneial inteiest is the discussion b} Bishop’"" on the lelation- 
ship betw^een gastioenterolog} and caidiolog} Me piesents a summai e 
of the points of confusion betw'een caidiac s}mptoms and those due 
to diseases of the gastiomtestmal tract The=e are consideied undei 
seveial headings Fust, he considers s}mptoms due to mechanical 
distui bailees affecting the abdominal visceia, such as emboli oi 
aneuiysms, he then mentions the effect of pathologic conditions in the 
abdomen on the cardlo^ asculai s}stem and refeis foi e\am])le, to the 
effect of extieme flatulence on the actnity of the heait of a susceptible 
pel son, he also emphasizes that ovei lapping areas of lefciied jiain gi\e 
diagnostic difficult) in differentiating between coronar) disease, jieii- 
caiditis and diseases of the gallbladdei oi stomach He suggests that 
the piesence of jaundice with its associated digestue disturbances 
ma) rendei the caldlo^asculal apparatus moie easily subject to func- 
tional disturbances Attention is called to tbe recognized impoitant 
fact that patients haMiig obvious coionaiw disease and gallstones aic 
sometimes lendeied fiee from cardiac s)mptoms after cholec) stectonn 
He also states, wnthout detailed eMdence. that in such cases the elect! o- 
cardiogiam may letuin to noimal aftei cholec) stectoiu) and further 
suggests that abnoimal electiocaidiogiaphic changes in the piesence ol 
biliaiy tiact disease may be due to associated ^agal distui bancc'^ occui- 
img with nausea and i etching The article contains nothing definitcl) 
new'’ but brings up impoitant clinical considerations that are woith) of 
lepetition 

The evei increasing mteiest in the clinical and theiapeutic imjdica- 
tions of avitaminosis continues to be manifest Among the numciou'' 
ai tides that ha^e appeared on the protean manifestations of Mtamin 
lack, se\eial may be mentioned for their application to the pioblems of 

120 Bishop L r, Jr Gastro-Enterolog\ in the Practice oi Car(liolog\, 
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gastroenteiology Among otheis, Musser and Sodeman review the 
gastrointestinal expressions of avitaminosis They maintain that sub- 
clinical expressions of scurvy, beriberi and rickets are common in the 
realm of alimentary tract disease Under three headings they discuss 
the specific deficiencies, chronic dietary deficiency and conditioned 
deficiency 

Two authoritative articles by Cowgill should be read by all who 
are interested in the treatment of patients apparently suftenng from 
the lack of vitamin Bj In these articles Cowgill discusses the lequire- 
ments of the normal adult and child, mother and infant, and pays par- 
ticular attention to the loss of vitamin through excretory channels 
The last consideration is of extreme importance from the point of 
view of the widespread therapeutic use of thiamin chloiide There 
IS an appreciable loss of this substance in the presence of pronounced 
diuresis and also as a result of dianhea In patients suffering fiom 
diarrhea the lack of this vitamin is frequently to be noted, and Cow- 
gill’s suggestion that adequate administration of vitamin Bj under 
such circumstances can be obtained only by its pai enteral use is timely 
and important 

Further observations on the value of nicotinic acid have appeared 
during the year Of these, the most important are those of Spies and 
collaborators,^-® together with a similar article b) Matthews All 
these observers agree as to the remarkable efficacy of nicotine acid m 
the treatment of pellagrous glossitis, stomatitis, vaginitis, urethritis and 
proctitis 

SnelU®® discusses in an mteiesting fashion tropical and nontropical 
sprue on the basis of observations made on 46 patients Of these, 14 
acquired sprue in the tiopics, and 32 had what was diagnosed as non- 
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tropical sprue or idiopathic steatorihca, acquired in central and noitli 
central states In comparing the two groups Snell points out that 
so-called nontropicai spiue diftcrs from the trojncal \aiiet\ clncfi> 
because of its extreme chromcit) and the associated tendency tow aid 
disturbance of calcium metabolism and skeletal deformities It is 
identical in all respects to the idiopathic steatorihea cases of which 
have been reported in English and ScandinaMan literatuie The 
response to livei seemed best in those 20 patients w'hose condition most 
closely lesembled tropical sprue, although m the remaining 12 occa- 
sional good lesults w'ere obtained with adequate liver therap} The 
report lepiesents an excellent summary of an interesting and little known 
disease 

Biull and collaborators^-'’ also discuss nontiopical sprue and leport 
the results of a caieful study of 4 cases of chionic dianhea character- 
ized by steatorihea, a large deficit m intestinal absoiption of calcium 
and phosphorus and lesulting demineralization as evidenced b\ osteo- 
porosis, hypocalcemia and tetanj The sccondaiy clinical manifestations 
m these cases consisted of evidences of complex avitaminosis "] he 
authors considei that the steatoiihea depends on B_. (nbofiaMii) defici- 
ency and think that the piocess of decalcification has the same funda- 
mental origin Melanoderma disappeared in these cases after tieatment 
with lemon juice or solutions rich in watei -soluble Mtamins Anemia 
was collected by livci theiapy, and disoiders in phosjihoius metabolism 
were tieated by the administiation of Mtamin D Ain e\idence of 
plasma vitamin A deficiency was tieated by administration of this sub- 
stance The observations piesented indicate that patients with this 
disease have a moie oi less deficient secretion of pepsin, Indiochlonc 
acid, bile salts and lipase, but this is not paiticularly suipiising in view 
of the knowui changes in the mucosa of the alimentary tract that take 
place m pionounced deficiency states Biull points out that the entire 
symptomatic complex can be coirected by apjiropnate thciap} but with- 
out counteracting the fundamental disoidei, nameh, a teiidcnc} to 
steatorrhea 

Of similai interest are se\eral articles on the relationship between 
the alimentai}^ tract and hemopoiesis Brock,’-' m discussing mte^tiii.il 
stiictures, gnes a detailed desciiption of 2 patients in whom mcgalo- 
cytic anemia occuried in association with intestinal stiictuics 4 he 
first patient had suffered foi mane' 3 ears from a sj)ruclike s\ndromc 
and at autopsy show^ed multiple intestinal stenoses The second jiatient s 
anemia apparently followed tubeiculous enteiitis and responded to 

126 Brull, L Lambrechts, A. . and Barac, G Sprue non tropicalc Etude 
approfondie de quatre cas obser\es en Belgique Re\ belce sc nied 10 457, 193S 

127 Brock, J F Intestinal Stricture and Mcgalocstic \nacnna, Eincct 
1 72 , 1939 
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liver administeied paienteially but not to liver given by mouth It 
seems reasonable that in each patient the anemia developed because of 
lack of absorption of a hemopoietic factor by a damaged intestinal tract 

Sturgis and Goldhamer also contribute observations on this sub- 
ject They present a rathei interesting compilation of cases collected 
over eleven years and including various types of gastrointestinal lesions 
associated with macrocytic anemia Of special interest are ceitain 
cases 111 which complete disappearance of the anemia followed lelief 
of the intestinal condition, iMthout the addition of any antianennc 
therapy In another case macrocytic anemia improved with lelief of 
chiomc partial obstruction of the small bowel and recuired when this 
reappeaied These conditions do not lepresent tiiie addisonian anemia 
inasmuch as achloihydna was frequently absent, and paresthesias and 
glossitis were uncommon The authois obseive that following gastric 
resection it appeals that fiom two to five }eais aie needed for the 
development of maciocytic anemia They suppose that seveial factors 
are operative and that the development of anemia depends on the degiee 
of gastric 01 intestinal impaiiment of function and on the amount of 
leseive eiythiocyte maturing material stored in the hvei and elsewhere, 
as well as possibly on the age of the patient and the presence of infection 
It is possible that this apparent delay m the development of macrocytic 
anemia aftei subtotal gastrectomy, as noted by Stuigis may account 
foi the absence of reports m the hteiatuie desciibmg this condition 
Quite possibly such leports aie piematuie, and fuither accounts will 
appeal in future yeais as the peiformance of subtotal gastiectom} 
becomes moie common 

An article by Meulengracht based on a histologic study of the 
pyloric gland oigan in pernicious anemia is of mteiest because ot its 
diveigence fiom the piesent day conception of this disease Meulen- 
gracht’s investigations were based on postmoitem histologic examination 
of the stomach and duodenum in 8 cases of pernicious anemia He 
demonstrated pionounced changes in the fundus, with atiophy of the 
glands and disappeaiance of special gland elements Much less definite 
changes were noted in the pylorus, nheie the pjloiic glands seemed to 
be well pieserved, and no changes weie obseived in Bi tinner’s glands 
These pathologic obseivations are similar to those made by Faber and 
Block in 1900 but are at distinct vaiiation with the observations of 
Brown published in 1934 as a result of autopsj'^ studies in 151 cases 
proved to be cases of pernicious anemia Bi own’s obseivations seemed 

128 Sturgis, C C , and Goldhamer, S M Macrocytic Anemia Other Than 
Pernicious Anemia Associated with Lesions of the Gastro-Intestinal Tract, 
Ann Int Med 12 1245, 1939 

129 Meulengracht, E Histologic Investigations on Pvlorus Gland Organ 
in Pernicious Anemia, Nord med tidskr 1 11, 1939 
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to coincide ^\Itl^ tlie ilieoi\ that thangcs in the mucosa of the pyloius 
and dnodemnn aic the chief can‘^c of peinicions anemia The so-called 
]i\loiic oigan consisting of Biunnci’s glands of the antuim and duo- 
denum. has heen hehe\cd to seciete Castle's ‘intimsic factoi " It is 
olnums that the two sets of obscnations aie not entnch compatible, 
and Aleulengiacht discusses the possihiht) of coi relating his lestilts 
with the piesent conception of the genesis ot ])eimcious anemia He 
suuiiests that the disease lesnlts fiom a failuie of the mtci action between 

TO 

the intrinsic .ind the e\tinisic factoi which ongmates a thud pimciple 
oi Inei f.ictoi and that such a failuie must he asenhed to distui- 
hances of the small intestine The discussion is laigeh of academic 
Intel est. hut it must he admitted that Meulengiacht s suggestion ma} 
ha\e some iieaiing at least on the macioc\tic anemias icfeiied to m 
the piccedmg ai tides 

Recognition of the role placed be the autonomic neicous s}stem 
in the jiroduction of colonic symptoms is ecidenced m the ccoik leported 
In Lcriche and collahoiators on the tic.itment of spastic colitis 
The aiithois lepoit then e\]ieiience m the ticatment of ceitain foims 
of spastic colitis be mfiltiation of the lumhai scmpathetic and section 
of the splanchnic ncices Xme patients weie so treated Usually the 
jiain ceased aftei the liist miection into the left lumbar sMiipathetic 
tiunk and after a second injection constijiation was leheced to the 
extent that dailc dejections weie obtained without the use of laxaticcs 
In a few cases of jicrsistent iight-sided pain it was necessaic to infil- 
trate the lumbai scmpathetic neiccs on the right side In a patient 
who ccas reexamined eighteen months after thiee infiltiations had been 
performed although the semptoms had disappeaied. roentgen ccidence 
of spasticity m the colon persisted he injections ajipeaicd to hace 
modified the functional oi neuiogenic element without pioducing any 
anatomic changes in the intestine No exjilanation is gicen of this 
appaient disci epaiiec \nothci patient with mti actable constipation 
noted the ajipcarance of dailc bowel mocements cvithout the use of 
laxaticcs secen dacs aftei an opciation ccdiich consisted m lesection of 
the left splanchnic neicc and fiist lumbai ganglion, and the impiove- 
inent continued dining the peiiod of sixteen months’ obsei cation The 
authois call attention to the need foi caieful stude in such cases, inas- 
much as not ail patients can be benefited by such pioceduies The 
findings icpoited by these mccstigatois aie of inteiest. inasmuch as 
measures tending to block paiasc mpathetic aclicity aie the usual ones 
employed to lehec^e so-called spastic colitis Suigical levision of the 
syinjiathetic neives has been used in the past only to peimit moie noimal 

130 Lenchc, R , Kunlin, J , and I'roehlich, F Infiltrations novocainiques du 
sjmpathiciuc lombaire ct section dii splanchnuiiic dans ccrtaincs colitcs spansnio- 
diques, Progres med 67 11, 1939 
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peristalsis by removing anything that inhibits pai asympathetic activity 
It IS probable that the relief obtained in the cases described by Leriche 
and his collaborators was due to interruption of sensory impulses carried 
over sympathetic fibers rather than to any interference with abnormal 
motor activity 

In this connection an article by Wakefield and C W Mayo is 
of interest These authors discuss the functional or sociologic disorders 
of the colon, a rather remaikable subject for joint discussion by a 
psychiatrist and a suigeon They point out that the vast majority of 
colonic disorders are undoubtedly functional, although many of them 
are of sufficient severity to warrant surgical intervention It is to this 
group that so well known a suigeon as Ma>o and his associate call 
attention The article is well \’?orth reading, not for the presentation 
of new material, but for a rational and proper approach to the consider- 
ation of psychosomatic disorders 

Wilbur and Mills, also of the Mayo Clinic, likewise discuss 
functional digestive disturbances in a group of 354 patients The 
article is of particular interest as it points out some mistakes that have 
been made in the diagnosis of functional indigestion Actually, accu- 
rate diagnoses were made m 85 per cent of the cases, due to the fact 
that care was taken in establishing them The patients wei e reexamined 
at an average of seven years after their first admission to the clinic, 
and at the second examination 39 were found to have organic disease 
of the gastrointestinal tract Nineteen of these had duodenal ulcers, 
which appeared to be the commonest source of eiroi Other diag- 
noses were gastric ulcer, gallbladder disease, cancel of the stomach and, 
m addition, extraahmentary tract disease (12 cases), such as pernicious 
anemia, heart disease, hyperthyroidism and othei s The article is of 
value because it demonstrates the possibility of establishing a coirect 
diagnosis of functional indigestion if sufficient care is used It also 
demonstrates the necessity of following ‘ functional” conditions that do 
not show adequate response to therapy 

Khngman also has written a rather interesting i eport on the 
treatment of neurogenic megacolon by drugs He attempts to difter- 
entiate acquired megacolon into two tjpes one which he calls recto- 
sigmoidal achalasia and a second in which the parasympathetic motor 
function fails to act efifectn ely above the rectosigmoid In the first type 
the failure of tlie rectosigmoid to relax is thought to be due to over- 

131 Wakefield, E G , and Mayo, C W Functional or Sociologic Disorders 
of the Colon, J A M A 111 1627 (Oct 29) 1938 

132 Wilbur, D L , and Mills, J H How Accurate Is the Diagnosis of 
Functional Indigestion^ Ann Int Med 12 821, 1938 

133 Khngman, W O Treatment of Neurogenic Megacolon with Drugs, J 
Pediat 13 805, 1939 
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acinilx ot ‘.MupathctK tnhihiuon, with icsiilling spasm, oi failuie of 
ihc paia^N mpathclic ncncni^ s\stcm pioj)eih lo inhibit the lectosig- 
moidal appal atU'' 1 ho authoi chooses svntiopan as the most elective 
(hiis: to paialwe the paias\mpaihetic ncncs Baiium sulfate enema 
vtiuhcv sotm to indicate that m lectosigmoidal achalasia thcie is maiKed 
dela) m the i.mpt\ing ot llio i ectosigmoidal appaiatus Wheic theie is 
delkient motoi fnnttion (paiasxmpathetic nenes) ot the colon abo\e 
the uxto^igmoid a haiium Milfate enema demonstiates good emptying 
of the lo\\(.i pail ot the colon hut letontion of haiiiim sulfate m the uppei 
part When loentgeii e\amination establishes that the i cctosigmoidal 
app.uatU" s tuiKtional Khngman tncs piostigmme If noimal function 
cannot hi demoiisti.ited he advocates the use of amphetamine sulfate 
(iKU/cihinc ) OI sMitiopau and it theie is no icsiionse to eithci of these 
methods he advise*' lumhai ganghonectonn and piesacial lesection 

Ruion ’ ' upoiis .1 c.ise of dernnle clinical nileicst because of the 
uncqnnoeal natuic of the specific findings 'I he patient picscnted 
seveie pain on the light skU of the abdomen with modeiatc elevation 
ot teinpLiatuie \n tineigencv diagnosis of appendicitis was made, 
which was suhsujtu nth ujcctcd In the suigeon, who consideicd the 
possihihtv of acute nuussuscepiion \t esjiloiation the ileocecal region 
showed a sjjaiKhng edematous m.iss and no othei ahnorinahtv An 
immediate diagnosis oi (JunieKc’s edema was made, and histologic 
e\aniniation of the appendix, which was lemoved. showed no sign of 
an inllainm.itoi V pioeess 'I'lie diagnosis should have been suspected 
hefoie o))eiation because ot the histoiv which included fiequent iiiti- 
carial ciises, esjieciallv attei the ingestion of fish, and the added state- 
ment that he had eaten fish and mussels just jiiioi to the attack The 
chief Intel est in the icpoil is that it finnislies cle‘ai evidence ot visceial 
urticaiia as un cxjil.uiation ft»t a ceitam tvpe of ohscuie abdominal 
s\nij)toins 

Because of the incieasuig awaieness that ainehic infestation of 
the intestinal tiact is not uncommon in this countiv, the locntgenologic 

studv of amebiasis hv (jdincv ‘ ' is vvoithv of attention The aiithoi 

» * 

describes his findings in 10 jiatients with chionic amebiasis with 
digestive svmptoms hut without diaiihea and m 25 patients with acute 
or chronic amebiasis with active diaiihea In each instance a haiium 
sulfate meal and haiium sulfate enemas foiined the basis of the loentgen 
studies Delav in the passage of haiium sulfate fiom the stomach was 
the lule, hut the duodenum and ileum appealed almost uni foi inly noi- 

134 Redon H C use <i’a;dcmc dc Quincke vised al simulant une appendicitc 
aiRue, J de eliir 53 360, 1939 

135 EsKuerra Gome/, G 1-a radiologia de la amibiasis. Rev Fac dc nied , 
Bogota 7 45, 1938 
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mal The cecum and especially the transverse colon showed increased 
segmentation of varying degrees, and the cahbei of the colon was dis- 
tinctly diminished Theie was uneven distribution of baiium sulfate 
through the colon, some of the colon appealing apparently noimal, with 
defoimities being noted at irregular intei\als These defoi unties, how- 
ever, characteristically remained the same in a given patient and pre- 
sented the general aspect of lesions associated with ulcerative colitis 

Two articles lelative to giardiasis are of inteiest Veghel}^,^'® of 
Budapest, in an examination of 1,391 children between the ages of 2 
and 17, found evidence of giardia (lambha) infestation m 155 Com- 
plete examinations were pei formed in 144 of these childien, 32 gave 
evidence of other diseases, 20 had a positive tubeicuhn test, and 92 
showed no evidence of any other disease The last group was compared 
with a group of healthy children of the same age in regard to the 
presence of symptoms referable to the digestne tract Some of the 
children who showed e\idences of giardia infestation had no symptoms 
or approximately none In more than half of the children, howc\er, 
gastrointestinal complaints, such as anoiexia, headache, dizziness and 
abdominal pain were present At times, intense acute pain was noted 
over the cecum, independent of meals and occurring in cramplike 
attacks Mucus, pus and blood had been seen m the feces m one 
fourth of the infested group , two thirds had irregular bowel move- 
ments Examination of the lungs, heait and kidnejs revealed no 
abnormalities m the entire gioup A moie striking difteience between 
the healthy and the infested childien was that 79 of the latter were 
underweight There weie no hepatic disoiders, and the authoi feels 
that the symptoms and evidences of undei nutrition \vere fundamentally 
due to an impairment of the absorption of food from an iiritated ali- 
mentary tract In 29 of 32 children the symptoms disappeared com- 
pletely after treatment wuth acetarsone Such treatment was followed 
by definite impiovement m the blood and gam in weight Unfortu- 
nately, no mention is made of the complete and lasting disappearance of 
Giardia from the stools The aiticle is well prepaied, however, and the 
comparison with a group of normal controls piesents fairl}'^ convincing 
evidence that giardiasis may be lesponsible foi symptoms leferable to 
the alimentary tract 

De Muro discusses the treatment of patients wnth giardiasis and 
reports some lesults obtained m 15 W'ho were tieated wnth atabrme, 
introduced foi the treatment of this condition by Galh-Valerio in 1937 

136 Veghelyi P Giardiasis in Children, Am J Dis Child 56 1231, (Dec ) 
1938 

137 de Muro, P Atebrmbehandlung bei Giardiasis (Lambliasis), Deutsche 
med Wchnschr 65 262, 1939 
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Of ihc patients. 8 shnweel chionic colitis and 2 pioetitis, and 5 weic 
Mid to lia\c s\in}itoins icfeiahle to the intestinal and biliai} systems 
1 he atahiine was .ulininisteied in the same fashion as to patients wnth 
malaiia o\ei a peiiod of Ine d.i\s lixammation of the stools and 
duodenal contents in 13 cases ija\c negatue findings foi iMinblia aftei 
fne da\s of ticatmont i he intiamuscnlai administiation of atabime 
cleaicd the stools ot Cnaidia hut did not cause then disa])peaiance fiom 
the dnoden.d contents In eMeh instance the disappeaiance of the paia- 
sitc's was feillowod with gicat impiocement in semptoms and impioce- 
nicnt in the ch.iiaetei of the stools 

Rcpoits ha\e ajijic.ucd fioin two gioigis of in\ estigatoi s on the value 
ot jiheiieilphthalem .ulininisteied oialh as a test of gastiomtestinal 
ulcei.uion .1 pioeedine introduced h\ \\ oldman a \eai ago Kiemei. 
Shore and WiesiP '' admniistcied the ding oi.dly to 137 patients and 
lejioit the test coiicct foi 56 jiei cent of them showing gastiomtestinal 
disc, ISO with emiect neg.itne lesults foi 79 iier cent Of 69 patients 
studied simult.uic’ousK In othei loutine proceduies, the test was con eel 
loi 72 pel cent ratients with caidunasculai disease, infections, blood 
(hsciasMs nnd ceit.un othei conditions without oIimous disease of the 
fligestne tract ga\c <i iiumhei ol lalseh positne icsults The authors 
conclude th.u the test ma\ he \alu.ihle as an adjunct to othei diagnostic 
methods hut th.it inoic must he learned ot its use hefoie it can be 
uwisuleied .it .ill rcli.ihle 

C onrirm.iiion ot this skeiitK.il point of \iew is found in a icpoit In 
Sttigmaii aiul Dxnicwic/ '\ hese .uithois state that fiee jihcnoljditha- 
Icin genei.ill\ ajiiK’.iis m tlic uiine whcncnei the (iuantit\ of conjugated 
jihenolphthalcin in an\ one specimen exceeds 5 mg pei bundled cubic 
centimeters oi uiinc In some abnoimal conditions such as caidiac oi 
renal distui h.inces and dise.ises of the blood ficc phcnoljihthalem may 
appeal at an c\cn lowei lend In a fan jiiopoition of patients wnth 
nonukeious diseases and ot noim.d jieisons such a conccntiation is 
ic.ichcd .iftci ingestion of the test dose of phenolphthalem devised by 
\V oldman hence the apiie.uance of fice phenolphthalem m the uiine 
cannot he considcied as diagnostic cnidence of nlceiation m the intestinal 
tr.ict 

Mthough an} attemjk to leview the hteiatnie on infectious diseases 
iinohing the gastiomtestinal tiact is beyond the scope of this papei, it 
ma} be piojiei to mention the lelatively ficquent lepoits that have 

138 Krcmcr, D N , Shore, P D , and Wicscl, R H Plienolphthalein as a 
Test in Gastro-lntcsUnal Disease, Am J Digest Dis 6 192, 1939 

139 Steigman, L, and D\nic\vic/, J M Urinary Eliininalion of Free Phenol- 
phth.alein No 1 esl for Gastro-Intestinal Ulceration, 6m J Digest Dis G 120, 1939 
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appeared on outbieaks of bacillary dysenteiy in other than subtropical 
areas Bowes gives an interesting account of Sonne dysentery due 
to milk, which involved 59 of 106 households in a given area in England 
Blatt and Shaw record a study of 356 children with bacillary dysen- 
tery from the children’s division of the Cook County Hospital m 
Chicago Another article by Lammerts van Bueren and de Haas,^"*- 
although It comes from Batavia, is of some interest inasmuch as these 
writers report that among 400 children with bacillai y dysentery observed 
at the Children’s Clinic there were 160 nurslings, 11 of whom were less 
than 6 months old The authors conclude that bacillary dysentery may 
attack children even during the first three months of life irrespective 
of whether they aie bottle oi breast fed, they comment on the fact 
that the feces of affected nurslings aie usually less dysenteric m char- 
acter than those of older children with this disease 

A possible contribution to the solution of the problem of local tissue 
immunity is found in an article by Torikata and Imaizumi on local 
intestinal immunity These authois administered daily oral doses of heat- 
killed colon bacilli to guinea pigs, with control immunization of other 
animals by loutine subcutaneous methods Ten days after the final 
administration of the vaccine, serums were withdrawn from each group 
of animals, and expressed tissue juices were prepaied from the walls 
of the intestinal tract Titrations of these seiums and tissue juices 
showed an 80 to 100 per cent mciease in opsonic titer of the intestinal 
tissues as a result of the oral administration of vaccine, but only a 
10 to 20 per cent increase m the blood serum In the control group there 
was a 76 to 100 per cent mciease m the opsonic index of the blood stream, 
with less than half of that percentage in the intestinal tissue juices The 
authors conclude that oral immunization with heat-killed Bacillus cob is 
effective in rendering the intestinal tiact refractory to homologous infec- 
tions long before effective humoral or somatic immunity is produced An 
additional comment in this article quite propeily points out the potential 
value of such studies, which should encourage fuither investigation rela- 
tive to the route of admimstiation of vaccines 

140 Bowes, G K Outbreak of Sonne Dysenterj Due to Consumption of 
Milk, Brit M J 1 1092, 1938 

141 Blatt, M L , and Shaw, N G Bacillary Dysenterj in Children Stud}' 
of Three Hundred and Fifty-Six Cases from the Children’s Division in the Cook 
County Hospital, Chicago, Arch Path 26 216 (July) 1938 

142 Lammerts van Bueren, B and de Haas, J H Bacillary D}sentery m 
Young Nurslings, Maandschr v kindergeneesk 7 461, 1938 

143 Torikata, R, and Imaizumi, M Zum Unterschiede zwischen der Injek- 
tions- und der oralen Immunisierung, Ztschr f Immumtatsforsch u exper Therap 
94 342, 1938 
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In Ihc field of prc\cnti\e niedtcme, two recent articles seem to be of 
extreme nnpoitance diask and his associates”^ made a vet} careful 
study of a small epidemic of poliom3clitis Since the original obser\a- 
tions m 1912 In Kling and his collaboiators, few investigators have suc- 
cessfulh isolated the \iius of thi', disease fiom the human intestinal tract, 
although one hiief mention was made by Ilarmon of a successful attempt 
m 1937 '1 ra'^k and associates isolated the mius fiom the stools thiee 

times in a single case The child whose stools contained the cirus was 
ill tor onh three oi foui da}s. but the \irus persisted in the stools for 
at least twenU-foui d.us fiom the onset of this mild illness Although 
the authois do not im])l\ that the \iius necessarily cnteis the body b} 
wa} of the gastrointestinal tiact thc\ point out the seasonal piecalence 
of ])ohonnehtis which like uphold and d\scnter}. occurs largely m the 
summer The} aKo mention a fact that is not so well known namely, the 
pre<=encc of lesions m the intestinal tr.ict The writers suggest that 
during an epidemic of pohonuehtis the common mild and often unrecog- 
nised foims of the disease ma} be responsible for a high degree of 
pollution of the sewage with polionnchlis Mrus Kiamer. Hoskwith 
and Giossman report the isolation of the Mrus from the upper intes- 
tinal segment of a monkc} killed at the height of the disease The Mrus 
apparenth is ahlc to withstand acidiU, and this finding emphasises the 
extreme importance of a propei disposal of feces from patients sufiering 
from poliomyelitis particularly in small communities with inadequate 
sewage disposal facilities 

l-t4 Trask, J D \ njiicc, \ J, and Paul, J R Polionnclitis Virus in 
Human Stools, J \ M \ 111 6 (Juh 2) 1938 

145 Kramer S D Hoskwith, B, and Grossman. L H Detection ot tlie 
\'irus of Pohonnciitis in the Nose and Throat and Gastro-Intcslinal Tract of 
Human Beings and Monke\s. J Exptr Med 69 49, 1939 
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The Endocrine Glands By Max A Goldzieher, M D , Endocrinologist, 
Gouverneur Hospital and Brooklyn Women’s Hospital Price, $10 Pp 916, 
with 271 illustrations New York D Appleton-Century Company, Inc , 
1939 

As stated in the preface, the aim of the author was to provide a “book which 
discusses with equal thoroughness and on the basis of first hand information both 
the theoretical and practical aspects of endocrinology ” The first section is con- 
cerned with general principles of endocrinology and the relation to other fields 
Succeeding sections deal in turn with the individual endocrine glands, including 
the thymus and the pineal bodv Each of these sections includes brief chapteis 
on historical material and on the embryologj', anatomy, histology and physiology 
of the gland in question These are followed by a chapter on morbid anatomy 
Longer chapters discuss the various clinical disorders, their classification, etiology, 
pathogenesis, diagnosis and therapj References to the literature, convenientb' 
placed at the end of chapters or subjects, are liberally supplied A large number 
of photographs of patients and of histologic sections are provided 

The author shows a commendable reluctance to attribute endocrine functions 
to the thymus gland A creditable case is made in support of the recent view 
that Cushing’s syndrome is related more to adrenal than to pituitarj' hvperfunction 
Various forms of adrenal insufficiency receive considerable attention However, 
in many instances the cautious reader will reserve his opinion regarding the 
efficacy claimed or implied for some of the forms of endocrine therapy 

A commendable attempt is made throughout this bock to correlate clinical and 
physiologic knowdedge 1 he well informed reader will criticize or desire to qualify 
numerous statements, interpretations and implications made bj the author This 
IS true of any book dealing with a subject concerning which more is to be learned 
than IS known The book will serve as a good text if the limitation of existing 
knowdedge is kept in mind and if some of the opinions and the therapeutic sugges- 
tions of the author are not taken too literally and considered as established 

Cause and Prevention of Disease By William Harv^ey Perkins, Professor of 
Preventive Medicine, Tulane Univ'ersitv' of Louisiana Price, $7 SO Pp 713, 
with 1 diagram and manv^ tables Philadelphia Lea and Febiger, 1938 

The author has gathered m a single v'olume a great many facts which bear 
on the cause and prevention of disease 

Various direct or indirect causes are discussed under six headings Heredity, 
nutrition, chemical agents, physical agents, animate agents and psychobiologic o*" 
bioEocial factors are each given credit, either alone or in combination, for causing 
illness The author’s method of approach to discussing the cause of disease is to 
arrange these different agents in various classes according to their characteristics 
and to their effect 

The preventive measures that maj"^ be employed against these agents are con- 
sidered collectiv^ely and indivnduallv' There is a tendencv'^ toward repetition, but, 
on the wdiole, the work is an excellent reference book for physicians and students 
who wish to obtain a quick resume of a particular subject in the field of pre- 
ventiv'e medicine 

From the standpoint of a textbook for medical schools, the book does not 
fully meet the practical needs of the student It does not cover completely the 
practical application of technical methods in the field of public health In certain 
parts of the text the style and phraseology' are involved, making rapid assimilation 
difficult The proportionate allotment of space for any subject does not always 
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loiiuulc with it>> itlituc mipoitaiKc , iot I^^tallcc, a disproportionate amount of 
'>paeL out qiiartci ol tin book, is dexoled to a detailed atcount of the exogenous 
cbcnmal amnis and llieii to\itoIoe\ llo\\t%or, the autboi is to be congratulated 
on Ins coinpilition ot i condensed but inelusue re\ie\\ of so diHicuIt a subject 
as the eausts ol disc \so and ilie methods dt pie\ention 

On the Stability of Transfused Erythrocytes Pa H T X Dekkers Pp 104 
\msttrdun ‘>ebeltenu 8. Idolkema 1948 

1 lie esUnntmns oi the dm ition ot lile of the ei\tbioe\tc \ai\ — nitb the authoi 
and the metboii of ippioaeh emplosed — tioni fifteen to two hundred da\s Heic- 
toiore pnetu il!\ all iiKtiiods lud to be hunted to indnect procedmes The find- 
ing ot till eMstiiiie ol blood groups M and \ fLandsteiner and Leiine, 1927) 
made possibk the (bust identilie ilion ot trinsfused compatible red blood cells 
The antboi lonnd the acciage tune toi existeiiee of er\llnoc\tes aftei transfusion 
ot 500 ec ot blood to the si\(.nt\ -lt\e ind one -half class In nncrnseopic esidence 
ot betel oagglutination ntd titts-tour ntd one-halt da\s In mactoscopie esidence 
lile lesults ot more til ill one luindred tiaiisiusions could be traced until after the 
disappe 11 niee ot ill tin eells ot tin donor in 12 eases onh Fom additional 
patients were ti leed tort\-two to se\eiit\-si\ da\ s aftei the tiansfusion, at winch 
time tiaiisinsed eiMiiro(\ies ueie still present Light patients With sccondarj 
tspi' ot aiieinia in whom dnt i-e le iding to ineieased destruetion of ci\throc\tes 
cm be «n;i]iosed to bi\e been absent showed the piesence of transfused eells aftei 
fiit\-nine to niiiets-lnc das- The mi\imil ers throes tie siiren.il in 1 case of 
toxemia ot piegnainv with nieinn md solution ot the pi leenta was foits-fi\e 
d^ss m 1 else ot st jpbsloeoeeu sepsis u was torts class, m \ case of subacute 
mscloid leukemia it s\ is tsseiits-tbiee diss md in 1 case ot peinieious anemia it 
was seseiits-six d is s (thus being ssithin noniial limits) 

Internal Medicine Its Theory and Practice in Contributions by American 
Authors Fdited bs lolin H Miissei, D S MO, F \CP , Professor of 
Mtdieiiie III the Inline LmseisUs ol Louisana School of Medicine, Semoi 
Visjimc Phssieim to the Chants Hospital \ew Oilcans Third Fclition 
Price $10 P]) 1428 ssitli 18 tables and 47 illustrations Philadelphia Lea 

and Febiger, 1948 

The first edition of this textbook appeared in 1942 The Aueiiisis hked it, 
com])limenled it and it the same time prosed a good forlune-tellei The Aucnisis 
said ‘On the ssliole, the ness textbook is adinnable Tcaeheis, students and 
praetitioners will enjos it, not onls because it is ssell and cleails ssnttcn, but 
also bee uisc it opens up the sast field of medical knoss ledge m a simple, inteiesting 
and eniaging manner” 

Tint teachers, students and pi actitioners base enjoyed the hook is obsious, 
for onls a populai, ssiciels re id text could make necessais three editions m six seais 
Osiers ‘Piactiec of Medicine'' accomplished the same feat The fiist edition 
of Oslei's text appeared in 1892, the thud in 1898 In those class, apparently, 
medical knoss ledge des eloped it about the same pace as nossaclass, the third 
edition of Osier's botjk ssas 141 pages longei than the first, the third edition of 
Mussel's book IS 112 pages longei than the first 

In the jircfacc to the latest edition Miisser states that his ‘Tnteinal Medicine’ 
has undergone careful sciutins and extensne icsasion since its birth Ness knowl- 
edge and ideas have been mcoipoiated m the 1938 model, nesv concepts of 
pathologic physiology are clcsciibed, and ness forms of lheiap> aic discussed 
On the w’hole, once again the Auciinrs compliments the book It is up-to-date 
It continues to ojien up the vast field of medical knowledge in a sensible, interest- 
ing and engaging manner It is ceitain to be jiopulai 
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Progressive Relaxation By Edmund Jacobson, A M , Ph D , M D Second 
Edition Price, $5 Pp 493, with illustrations Chicago The University of 
Chicago Press, 1938 

The value of rest as a therapeutic measure has long been appreciated, but the 
study of relaxation from a scientific standpoint is a comparatively new venture 
ably undertaken by the author of this book 

The importance of “neuromuscular hypertension’’ in many organic and func- 
tional states IS discussed, and the efficacy of relaxation in the treatment of these 
conditions is indicated The technic of progressive relaxation which is used by 
the author is described clearly and in detail An interesting series of experiments 
IS reported in which the effect of lelaxation on the knee jerk is recorded graphi- 
cally A study of the relation of mental processes and of emotions to muscular 
tension is presented, together with a method of measuring neuromuscular processes 
in mental activities Apparatus and procedures are described which may be used 
to measure in electrical terms all degrees of muscular contraction These pro- 
cedures may be of clinical use in the accurate determination of tension in patients 
who exhibit this symptom A complete bibliography is included at the end of the 
book 

This work is an original and noteworthy contribution to a new field of inves- 
tigation which should be of interest to the neuropsychiatrist, the physiologist, the 
internist and all others who deal with problems of the tense patient 

Survey of Carbon Disulphide and Hydrogen Sulphide Hazards in the 
Viscose Rayon Industry Bulletin 46, Division of Occupational Disease 
Prevention, Commonwealth of Penns 3 'Ivania, Department of Labor and 
Industry, 1938 

This bulletin of 69 pages deals with a specific industrial poison in the ravon 
industry Each aspect of this occupational disease problem is discussed in detail 
by a writer especially qualified by training and experience The authors include 
members of the Pennsylvania Department of Labor and Industry, the United States 
Department of Labor and the faculties of the Universitv of Pennsjdvania and the 
Pennsylvania State College 

The pamjhlet is well wiitten and well arranged Its publication is timely and 
will be welcomed by all those interested in the field of industrial health One 
regrets the apparent political necessity of the frequent repetition of names of 
politicians in the first eight pages 

A Historical Chronology of Tuberculosis By Richard AI Burke Price, 
$1 50 Pp 81, with 1 chart Springfield, 111 , and Baltimore Charles C 
Thomas, Publisher, 1938 

From the beginning of history to 1938, the author outlines by brief statements 
the development of knowledge of tuberculosis Under the vear 1885, for example, 
among several items, one reads that “Edward Livingston Trudeau (1847-1915) 
founds Adirondack Cottage Sanatorium at Saranac Lake, New York Employs 
bed rest m the presence of symptoms He becomes patron saint of the American 
consumptive ’’ In sixty-three pages of this sort of treatment a vast amount of 
ground is covered, and every physician should find this compendium indispensable 
Finally, there are indexes of names and subjects and a large chart showing in 
tabular form the most important matters dealt with in the text 

Les dystrophies dentaires de la syphilis hereditaire By Lucien Lebourg 
Price, 38 francs Pp 164 Pans Gaston Doin & Cie, 1939 

This is an excellent monograph on the changes that take place in the teeth of 
the child or adult who has inherited syphilis The book is of considerable cultural 
interest to the physician and undoubtedly will be of great practical inteiest to the 
dentist 



News and Comment 


New York Diabetes Association, Inc — The New York Diabetes •Kssocia- 
lion Inc. ofTcrs three Riants oi np to $500 eacii for research in diabetes These 
crants ina\ be u<ed for the purchase of appaiatus and supplies that are needed 
lor special iinestications, and tor the jiasinent of nmisnal expenses incident to 
sncli nncstications, intlndinR tecliniea! assistance, Init not for pioviding apparatus 
and materials which are ordinarils a part of labor.itorv ctiuipment The researches 
must he cairicd out in Greater New ^ork, although the persons encaged m them 
need not be residents of Greater New Yoik 

Letters asking for aid must state defimtcK the cpialifications of the iincstigator, 
an accurate description of the proposed reseaich, the si/e of the grant requested 
and the specific use ol the nione\ to be expended It is liiglih desirable to include 
a list of men with whom the applicant has been and is associated who would be 
willing to gi\e letters of recouimendation and sponsor the applicant Applications 
should be nniled to the Conimittec on Research, New York Diabetes Association, 
liic 22 Hast I'ortieth Street, New York 

\pplications will be leccued up to \o\ 1, 1939 

Seventh International Congress on Rheumatism — The subjects to be 
discussed at the Se\enth Intornation.d Congiess on Rheumatism, to be held in 
Xew "S ork, Pinladclphia and Boston, lune 1 to 10, 1940 will be infection, nutii- 
tion and treatment I'lee lectures will be gnen afterward 

Besides a Msit to the Woild’s Pair, which it is expected will still be open, 
tbe \merican Medical \ssociation has organized a scientific exhibit in the field 
of medicine, which will m itself uudoubtedh be woith a Msit to the United States 
rurthcr information regaiding tins cdigress mas be procured from the Inter- 
national Bure.iu, Kei/ersgracht 489, Ainsleidam, Netherlands 
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WILLIAM J MAYO, M D 

1861-1939 

Dr William J Mayo was one of the gieat medical figuies of these 
times Every one knew his name His influence on present day 
medicine as well as surgery is perceptible in many ways 

Dr Mayo was a great clinical teachei He was lukewaim to 
undergraduate teaching, feeling that what could be taught of medicine 
to undergraduates was, on the whole, elementar}/ and that m the making 
of the finished pioduct, particulail) in suigery s}stematized post- 
graduate training was essential 

His method of teaching was entiiely peisonal He had little 
confidence m pedagogic foimalities He believed that the most 
effective way to teach w^as by the method of learning He himself 
always w^as eager to leain, and so it was that he w^orked e\ei) day 
in the clinic, seeing patients rubbing elbows wuth his students and, 
by force of example, setting them a pace to do bettei w'^oik and thereb) 
get a better education 

He felt that expeiience was the greatest teachei of all This w^as 
true in his case He w^as familiar wuth eveiy phase of disease 

Dr Mayo believed m imaginative peisons That w^as one of the 
reasons wh}^ he liked to be sunounded bj }Oung men He felt that 
as one grew oldei one tended to become consei vative, gaming, perhaps, 
in judgment but, on the other hand, losing m abilit) to look ahead 
He dreaded anything static 

One day on the Mississippi Rivei he remarked, as he w^atched the 
current flow past, that American medicine is much like a iivei Some 
of today’s medical schools with then elaboiate equipment aie like bits 
of wood caught m an eddy They go round and round, staring up 
a certain amount of foam but making no headw^ay On the othei 
hand, other schools less cumbeisome aie being so adioitly piloted as 
to avoid the eddies and aie going downstream serenely He feared 
medical complacency He washed to see medical knowledge advance 
steadily 

He believed m the American Medical Association He said that 
all physicians belonged to a common brotherhood Some, by the giace 
of God, were more fortunate than others, and those wdio could should 
work foi the benefit of the lest He felt that the way to be of gieatest 
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sen ice to all is lliiough lojally to the Association Of his vaiious 
honois he prized the Piesidency of the Ameiican Medical Association 
among the highest 

He wa^: no showman He helicved. how’e\ei. that one should learn 
how to talk without notes or hesitation. biiefl\ and cleaily, and should 



WILLI '\^r J MA^O, MD 
1861-1939 


know^ how^ to assemble mateiial in leadable form, well illustiated and 
w'ell expressed The result of this discipline has been obvious A 
medical paper from the Mayo Clinic almost invaiiably is w^ell done 
A speakei fiom the clinic almost invariably is interesting and 
instructive 
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Dr Mayo was not particular!} concerned ovei the bugbear of 
socialized medicine He took pride in being an American citizen and 
had unbounded confidence in the country’s futuie He thought that 
the ordmar} person wished to pa} for medical service and would do 
so gladl} if the cost could be kept within leasonable limits He strove 
to oflfer to his patients the highest type of service at model ate cost 
This became the fundamental policy of the clinic 

Dr Mayo believed that the Ma}o Clinic belonged to the patients 
It seemed to him that the wisest way through which to safeguard their 
future health was by in\esting m postgraduate medical education the 
money which they had placed m his hands With this concept the 
Ma}0 Foundation was first established and since has grown into a 
great postgraduate medical school 

Persons from all paits of the woild have been trained m the 
Mayo Clinic In nearly every medical center some one from the Mayo 
Clinic IS at work, trying as hraAely as he can to cany forward Dr 
Mayo’s precepts This fact as well as any othei , epitomizes Dr Mayo’s 
Avork He Avas proud of even the humblest accomplishments of any 
of those Avho had Avoiked under him He A\as a model teacher not 
self seeking but content to let his pupils haivest the fruits of his planting 



CHARLES H MAYO. MD 
1865-1939 


Di Chatlcs Horace Ma\o died m a Chicago hospital in iMaj 1939, 
known and mourned peihaps e\cn more widely than Ins equally 
distinguished biothci He was a human peison, Dr Charlie, and had 



CHARLES H MAYO, MD 
1865-1939 


the gift of making lasting fi lends He had the gift and made the 
effort The w'orld’s most famous surgeon, m the golden age of surgery, 
ivas never too fatigued to include friendliness in his self-imposed 
prescription for medical caie 

In the eail} annals of Rochester Di Charlie w'as the man wdio tried 
ever} thing hist He operated on the fiist goitei among the Mayo 
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patients He experimented with mica plates and the first x-ray apparatus 
In the original building at St Mary’s Hospital an elevator is still in 
use which he planned and installed He was forever on the watch 
for some new door to open And each time he opened a door it was 
with some specific patient m mind 

He was a homely man m the classic sense His accumulation of 
academic robes from institutions of learning the world ovei attests his 
high position in the professional world , he served as president to almost 
every medical and surgical society of which he was a member And 
yet he served as health officei to the little city of Rochestei at about 
the same time that he was President of the American Medical 
Association, and there is the perfectl}' authenticated story of his 
polishing the boots of a British guest Dr Mayo knew, as the guest 
did not, that household seivants in Ameiica do not polish vagrant shoes 
left outside of bedroom doois Visitors presen| at the University of 
Edinburgh when that institution honoied bun with their most 
distinguished degree repoited that the traditionally solemn audience 
shouted with laughter at his acceptance speech They were listening 
to words of dry humor, spoken in the accent of the American Middle 
West, and they sensed it to be the humor of another Maik Twain or 
a Will Rogeis 

Had his been a less dynamic peisonahty he might have spent his 
life playing second fiddle to his brilliant eldei brother, but fortunately 
they complemented rather than obscured each other It was Dr 
Charlie’s privilege to use his gifted hands to alleMate human suffering 
and his inventive mind to expeiiment with new methods of singer}’' 
But It was a happy coincidence that one born with such gifts should 
also have been endowed with such unusual human understanding and 
sympathy to help when fingers and invention failed 
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Cor\ RIGHT, 1939, L\ TiiF AMERICA^ Mfdicai Association 


OPTIMUM TIME FOR ADMINISTRATION OF 
PROTAMINE ZINC INSULIN 


IvIORTON F MARK, MD 

NEW 'iORK 


Hagedoin, Norman Jensen, Kiarup and Wodstiup,^ who weie the first 
to use piotamine insulin, ga\e in most of their cases a dose of protamine 
insulin in the e^enlng and one of regulai insulin m the moining The 
addition of zinc to protamine insulin by Scott and Fishei = prolonged 
the action of the new piepaiation considerabl} , so that a single injection 
a da}' was sufficient to contiol the diabetes in a large percentage of 
cases Sprague and his associates = adopted the piocedure of gning 
the single dose of protamine zinc insulin eaily m the morning, and their 
method was soon followed by most investigatois '(Campbell and his 
associates,^ Joslin,^ Rabmouitch® and otheis) 

In previous studies (Mosenthal ' and Mark, Sacke} and Mosenthal ®) 
in which a single dose of piotat^ine zinc insulin was admmisteied at 
6 or / a m , it was found that there r\as a rise of the level of siigai 


From the Department of Alctabolism, Sea View Hospital and New York Post- 
Graduate Hospital, Dr Herman 0 Mosenthal, Director 

1 Hagedorn, II C , Norman Jensen, B , Krariip, N B , and Wodstrup I 
Protamine Insulinate, JAMA 106 177-180 (Jan 18) 1936 

2 Scott, D A, and Fisher, A M Studies on Insulin witli Protamine, J 
Pharmacol 6L Exper Therap 58 78-92 (Sept ) 1936 

3 Sprague, R G , Blum, B B , Osterberg, A E , Kepler, E J , and Wilder, 
R M Clinical Investigations ^\Ith Insulin Protamine Compound, Pioc Staff 
Aleet, Alayo Clm 11 257-258 (Apiil 22) 1936 

4 Campbell, W R , Fletcher, A A , and Kerr, R B Piotamine Insulin m 
the Treatment of Diabetes Mellitus, Ti A Am Ph.vsicians 51 161-173, 1936 

a Joslin, E P , Root, II F , Afarblc, A , WInte, P , Joslin, A P and 
Ljnch, G W Piotamine Insulin, Tr A Am Phvsicians 51 174-187 1936 ’ 

6 Rabinowitch, I M , Fostci, J S , Fo^^ler, A F, and Corcoran, A C 
ainical Experiences with Protamine Zinc Insulin and Other Alixturcs of Zme and 
insulin in Diabetes Alcllitus, Canad A{ A J 35 239-252 (Sept) 1936 

^losentbal, H 0 Protamine Zinc Insulin, J A M A 110 87-90 (Jan 8) 


8 Afaik, 11 F. Sackey, M S, and Mosenthal, H 0 Protamine Zinc 
Insulin in the Treatment of Diabetes Complicated by Tubcicnlosis, Quart Bull 
Sea View Hosp 2 357-362 (July) 1937 ’ 
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in the blood aftei each meal and that the lowest deteiminations weie 
those obtained at 3 or at 6 a m At that time it was felt that the leason 
for the low values for sugar during the earh moining hours was not 
that the maximum effect of the insulin occuiied twenty-one to twent}- 
four hours after injection but rather that food was withheld duimg the 
night Obviously, it would be a fortunate circumstance if the low 
blood sugai values duiing the night did lepiesent the maximum effect 
of the insulin at that time, since, if this weie the case, the early moining 
hypoglycemic leaction and the postpiandial h 3 '-peiglycemia that so com- 
monly occui in seveie diabetes could be eliminated by changing the time 
of admmistiation of the insulin 

Lawrence and Aichei,'' who, like most investigators, found that 
many patients with severe diabetes could not do well with a single dose 
of protamine zinc insulin in the morning, lepoited satisfactory results 
in 6 cases when the insulin was given at bedtime Then explanation 
was that when the insulin was administeied at night, its minimum action 
coincided with the hours of sleep and its maximum with the intake of 
the da)''’s food They', howevei, said they' believed that most patients 
obtain better contiol when protamine zinc insulin, with or without the 
addition of a dose of legulai or soluble insulin, is given before bieak- 
fast Joshn^® has quoted a peisonal communication fiom Himswoith, 
who claimed to have obtained excellent results by' administering pro- 
tamine zinc insulin at 11 p ra It appealed that the food was fai better 
utilized the following moining than if the piotamme zinc insulin were 
given before breakfast 

As my associates and I wei e unable to obsei ve any' striking change in 
the character of the contiol of diabetes m a few cases by' altering the 
time of administration of piotamme zinc insulin fiom moining to night, 
the piesent study was cairied out m oidei to aiiive at a definite con- 
clusion as to the optimum time of day foi the injection 

MATERIAL 

The work was done in the metabolic service at Sea View Hospital on 6 
patients who, in addition to diabetes, had pulmonary tuberculosis Since these 
patients were hospitalized for a long period, they could be kept under constant 
and careful observation In order to eliminate the changes incident to variations 
in body temperature, only afebrile patients were selected 

The patients were on a diet having a carbohydrate lalue of 150 to 200 Gm 
Four meals a day were given (at 7 30 a m, 11 30 a m, 4 30 p m and 8 30 
pm) with the carbohydrate divided so tliat 25 pei cent was allowed at break- 
fast and at lunch, 35 per cent at dinner and 15 per cent at 8 30 p m Determi- 
nations of the blood sugar value were made at frequent intervals throughout the 
twenty-four hours by the capillary method of Folin-Malmros For 3 of the 

9 Lawrence, R D, and Archer, N Zinc Piotamme Insulin A Clinical 
Trial of the New Prepaiation, Brit M T 1 487-491 (March 6) 1937 

10 Joslin, E P Protamine Insulin, JAMA 109 497-503 (Aug 14) 1937 
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patients four blood sugai curves wcic obtained with the insnhn administered in 
one dose at 6 oi 7 a in , 11 a m, 4 p in and 8 p in, icspectncly In 1 case 
U\o curves were obtained with the insulin injected at 7 a in and 8 p in In 
2 others the insulin was adniinistci cd at 7 a m and 11 p m In each instance 
one dose of insulin for the tw’cnti-foui hours was given The cunes w'erc made 
onlj' after the patients had been on a specific regimen for more than a week, 
m order to ehinniatc the possible effect of the cumulative action of the insulin 
gncii under the preceding method of therapy 

RCPORf 01 c\si:s 

The cases sUulicd aie hnefl} suniman/ed as follows 

C\sE 1— E G, a w’oman aged 42, was admitted to the hospital on May 6, 
1934 Pulmoiian tubeiculosis was fiist diagnosed in 1924 Diabetes mtllitiis 



Chart 1 (case !)• — Superimposed blood sugar curies made when piotaminc 
zinc insulin was given at 6 a in, 11 a in , 4 p m and 8 p in, lespectiveh Note 
the marked similarity of the cunes 


was discoNcred during her sta\ at the hospital in January 1936 The tuberculosis 
became arrested after thoracoplasty performed in September 1934 Beginning in 
Xovember 1936 the diabetes was controlled with a diet of 200 Gm of carbohj di ate, 
110 Gm of fat and 90 Gin of protein and w'lth 23 units of protamine zinc insulin 
given at 6 a m A blood sugar curve was made on Sept 30, 1937 On October 1 
the lime of administration of insulin w'as changed to 11 a m, and a second 
curve W'as obtained on October 8 The time of the injection of insulin w’as then 
changed to 4 p in , and a third curve w'as obtained on October 22 Beginning on 
October 23, the insulin was given at 8 p m, and a fourth curve w'as obtained 
on November 10 The four curves arc superimposed in chart 1 The diabetes 
was under perfect control throughout the experiment 

Comment — Fiom chait 1 it is evident that, icgaidless of the time 
of administration of the insulin, the blood sugai cuives m this instance 
weie stiikingly similai 
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Case 2 — H D, a woman aged 52, was admitted to the hospital on Nov 11, 
1936 Diabetes melhtus was discovered in June 1934 Symptoms of pulmonary 
tuberculosis were noted in November 1935 Pneumothorax was started on the 
right side m November 1936, and the sputum became free from bacilli in June 1937 
Shortly after the patient’s admission to the hospital the diabetes was controlled 
with a diet of 150 Gm of carbohydrate, 110 Gm of fat and 90 Gm of protein and 
with 30-20-20 units of regular insulin daily Protamine zinc insulin was first used 
on Jan 27, 1937, and after stabilization the diabetes was perfectly controlled with 
a single dose of 35 units of protamine zinc insulin given at 7 a m A blood sugar 
curve was made on March 6 The time of the injection was changed on October 
1 to 11 a m , and a second curve was obtained on October 8 Beginning on 
October 13, the protamine zinc insulin was given at 4 p m , and a third curve 



Chart 2 (case 2) — Superimposed blood sugar cur\cs made when protamine 
zinc insulin was given m one dose at 6a m,lla m,4p m and 8 p m, 
respective!}'' There is a marked similarity in the character of the curves regard- 
less of the time of administration of the insulin Note the elevation of the blood 
sugar value after each meal and the low value just before meals and during the 
night 

was made on October 22 The time of administration ot insulin was changed on 
October 24 to 8 p m, and a fourth curve -was obtained on November 10 The 
urine was free from sugar throughout the experiment The blood sugar cuives 
are superimposed in chart 2 

Case 3 — M M , a woman aged 61, was found to have diabetes in 1932 
Pulmonary tuberculosis was discovered in February 1936 The tuberculosis 
apparently became arrested in September 1936 The diabetes was well controlled 
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i\ith a diet of 200 Gm of carbohydrate, 110 Gm of fat and 90 Gm of protein and 
with 40 units of protamine zinc insulin given at 6 a in A blood sugar curve was 
obtained on April 16, 19o7 A second curve was made on October 8, after the 
patient had been receiving 30 units of protamine zinc insulin at 11 a in Because 
the blood sugar level was elevated, the dose of insulin was raised to 35 units, and 
beginning on October 12, this was given at 4 p m On Octobei 22 a third curve 
was obtained The time of administration of insulin was then changed to 8 p m, 
and a fourth curve was made on November 10 The urine remained free from 
sugar throughout 

Comment — The supenmposed cuives are shown in chart 3 
Although there are minoi variations in the character of the cuives, 
the general similantv is appaienl 



Chart 3 (case 3) — Superimposed blood sugai curves made wdien piotainine 
zinc insulin was given in one dose at 6 a m, 11 a m, 4 p m and 8 p m, 
respectively Note that although there arc some vaiiations, there is a geneial 
siinilaritv in the character of the curves 

Case 4 — N A, a woman aged 67, was admitted to the hospital on Maj 29, 
1936 Sjmptoms of diabetes mcllitus appealed m 1932, and pulmonary tuberculosis 
was discovered in January 1936 The patient had been receiving liver extract for 
pernicious anemia since Maich 1931 Fiom the time of her admission to the hos- 
pital until Marcli 15, 1937, the diabetic condition was controlled with a diet of 
150 Gm of carbohjdratc, 110 Gm of fat and 90 Gm of protein and with 25-10-15 
units of regular insulin At that time the use of piotamme zinc insulin was begun, 
and she was receiving a single injection of 50 units at 7 a m In April the dose of 
insulin was raised to 70 units, and the injection was continued at 7 a m A blood 
sugar curve was obtained on December 4 The time of administration was changed 
to 8 p m on December 6, and a second curve was made on December 22 The 
two curves are superimposed m chart 4 The urine was free fi om sugar on the dav 
each of the curves was taken 
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Chart 4 (case 4) — Superimposed blood sugar cur\es made \\hen protamine 
zinc insulin was gnen m one dose at 7 a m and at 8 p m 



Chart 5 (case 5) — Curves A and D were obtained when the patient was receiv- 
ing protamine zinc insulin at 7 a m Curries B and C were made when the insulin 
was given at 11 p m If onlj’^ curves A and B are compared, it appears that there 
is better utilization of carbohydrate in the morning when the insulin is given at 
night How^ever, w'hen curves C and D are compared, it is evident that there may 
be considerable Aariation in the charactei of the blood sugar curves even though 
the patient remains on the same plan of therapy 
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Casl 5 — \ ^ man aged 53, was admitted to the hospital on Nov 1, 1937 

Diabetes mcUitus \\as discoveicd m Jamiaiy 1937 , at that time symptoms of 
pulmonary tubeiciilosis appeaud The patient was receiving a diet of 150 Gm 
of carbohydrate, 110 Gm of fat and 90 Gm of piotem, 60 units of protamine zinc 
insulin was being gnen at 7 a m The first blood sugar cune (chart 5, curve A) 
was taken on Febiiiary 25, 1938 llie time of injection of insulin w-as changed on 
Februan 26 to 11 p m, and ciir\e B was obtained on March 4 Because theic 
appeared to be a considciable diffeicnce m the le\cls of blood sugai under the two 
plans of therapy, it was decided to repeat the study Coiisequentlj, , the patient 
continued to icccne insulin at 11 p m, and cur\e C was obtained on Marcli 11 
There was considciable difference between this cur\c and curie B, although the two 
were taken with the patient unacr tlic same regimen Beginning on March 14, the 
time ot administration of insulin was changed to 7 a m, and cui\e D w'as made 
on }ilarch 25 The urine remained fiee from sugar throughout the experiment 

Comment — A stud} of the cunes in this case letcals the fact that 
the blood sngai \alues do not leinain constant fiom day to day even 
though the patient leceives the same diet and the same dose of insulin, 
given at the same time If cunes A and 5 aie compaied, it appeals 
that in the moining the blood sugar \alue is lower when the insulin 
IS given at 11 p m , but, on the othei hand, if cunes B and D arc 
compared, little difteience is seen m the blood sugai values m the morn- 
ing The 1 allies iveie low thioughont the da} at the time cune C ivas 
obtained It is well to compaie this curve with cune B Theie is a 
maiked difteience between the two, although the patient was on the 
same plan of theiapy at the time these weie taken Obviously, theie- 
fore, one cannot aiinc at a definite conclusion on the basis of a single 
observation It seems reasonable to assume that the yaiiations in the 
cuives are vaiiations that aie likely to occui, paiticulaily m seieie 
diabetes, fiom dai to da) and aie not the icsnlt of a change m the time 
of the injection of insulin 

Gasp 6 — F, a man aged 44, was admitted to Sea View Hospital on kfaN 27, 
1937 Diabetes mellitus was dlsco^ered in 1932 Symptoms of pulmonaiy tuber- 
culosis appeared in December 1936 The diabetes was at first perfectly controlled 
wuth a diet of 150 Gm of caibohydrate, 110 Gm of fat and 90 Gm of piotem and 
with 50-25-30 units of icgulai insulin The use of protamine zinc insulin w^as 
begun on July 7, 1937, and aftei stabilization the urine remained free from sugar 
wuth the injection of 65 units at 7 a m On Feb 25, 1938, a blood sugar cuive 
was obtained (chart 6, cune A) On Febuiary 26 the time of the injection of 
insulin was changed from 7 a m to 11 p m, and a second curve w'as made on 
March 4 In this case also thcie appealed to be a maikcd difference m the blood 
sugar values, tlie value in the moining being considerably lowci when the insulin 
was given at 11 p m Because of this obscivation it was decided to repeat the 
determinations Ihc patient continued to icccivc the insulin at 11 p m, and a 
third curve was obtained on ;March 11 Ihe time of injection w'as then changed to 
7am, and a fourth curie was obtained on March 25 
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Comment — In this instance, more so than in case 5, theie was a 
marked diffeience in the blood sugar values in the morning (curves 
A and B) If only these two curves had been made, the obvious con- 
clusion would have been that there was much better utilization of 
dextrose the next morning when the protamine zinc insulin was given 
at 11 p m However, if curves B and D are compared, there appears 
to have been better utilization of carbohydiate in the moining when 
insulin was given at 7 a m There was considerable difference m the 
blood sugar values on the days that cm ves B and C were made, although 
the patient was leceiving the insulin at 11 p m on both occasions 



Chart 6 (case 6) — Cur\es A and D were made when protamine zinc insulin 
was administered at 7 a m Curves B and C were made when the insulin was 
given at 11 p m Note the \aiiations m the chaiacter of the curves even when 
the patient was kept on the same regimen 

Similarly, theie is a maiked diffeience between cm ves A and D, although 
the insulin m both instances was administeied at 7 a m 

It appeals fiom the findings m cases 5 and 6 that one can expect 
consideiable variations in the blood sugai curves fiom day to day, 
independent of the tjme of admmistiation of the insulin 

COMMENT 

Examination of the supei imposed blood sugar curves m cases of 
mild and model ately seveie diabetes (cases 1 to 3) leveals the fact 
that the cm ves are lemarkably similar legardless of the time of admin- 
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istiation of piotamuie zinc insulin Minoi laiiations occui, to be suie, 
but these aie no gi eater than the vaiiations obscived when seveial 
cunes aie taken foi a patient who leinains on the same plan of therapy 
The changes can be explained b}^ alteiations in intestinal absoiption 
and by changes in the emotional status of the patient 

ObMOUsl). then, it appeals, at least m mild and modeiately seveie 
diabetes, that the single dose of piotamine zinc insulin may be admin- 
isteicd at whatevei time of day the patient piefers This, of comse, 
IS a definite adiantage in the use of the new insulin, since it fuithei 
leheies the patient of the necessity of living the “time-table sort of 
existence'’ that is so essential with the use of icgulai insulin 

Of the 3 cases of seveie diabetes studied, in 1 case (case 4) the 
blood sugai cui\es weie much alike, and certainly m this instance 
alteimg the time of admmistiation of insulin had no effect on the char- 
actei of the contiol In 2 other cases of severe diabetes (cases 5 and 6) 
It fiist appeared that theie was bettei utilization of caibohydiate m the 
moining when insulin uas given at night liowevei, on lepetition of 
the blood sugai studies, the findings suggested that there is consideiable 
Aaiiation in the charactei of the curves fiom time to time even though 
the patient remains on the same plan of theiapy and that these changes 
cannot be attributed to alteiation in the time of administration of 
piotamine zinc insulin I am inclined to believe that m cases of seveie 
as well as mild diabetes piotamine zinc insulin may be gnen at any 
time of day This opinion is furlhei suppoited by the fact that in 
seveial othei cases of seveie diabetes, in which blood sugar cuives had 
not been made, alteiing the time of admmistiation of insulin had no 
appreciable eftect on the glycosuria or the time of appeal ance of hypo- 
glycemic leactions 

Rabinowitch ° has shown that Avhen piotamine zinc insulin is given 
to a patient duiing fasting, the blood sugai value diops within a few 
hours to a low point and then remains at a piactically constant level 
foi at least thirty-six houis Examination of the cuives in the piesent 
study reveals the fact that the loivest A'alues are those obtained just 
befoie bieakfast, before lunch, befoic dinner and dm mg the night, 
that IS, during the fasting peiiods of the day Furtheimoie, it is 
interesting to note that the blood sugai values at these times tend to 
appioach the same level From this obseivation, it may be concluded 
that the piobablc action of protamine zinc insulin is as follows It 
lowers the blood sugar value to a ceitam level and tends to maintain 
It at that level for more than thirty-six houis The laigei the dose of 
protamine zinc insulin, the lowei the basic level The absoiption of 
carbohydrate elevates the blood sugar value, but within a few hours 
111 the cases of mild and modeiately seveie diabetes the basic level is 
again leached Similaily, the basic level is mamtamed dining any peiiod 
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of fasting The height to which the blood sngai value will be laised 
aftei meals will depend on the amount of carbohydiate taken and the 
severity of the diabetes In seveie diabetes the postpiandial hyper- 
glycemia ma)'^ be so gieat that the slowh acting insulin is unable to 
cope AVith the situation, and, as a i esult, the high blood sugai value ma}’^ 
be maintained throughout the day, and glycosuria may develop During 
the night, howevei, when theie is a piolonged peiiod of fasting, the 
basic leA'^el will be attained 

If the conclusions as to the action of piotamine zinc insulin aie 
coriect, one should not expect any change in the charactei of the blood 
sugar curve lesultmg fiom alteiation in the time of administiation of 
the insulin In the patients studied, no appieciable variation was 
obseived that could be attiibuted to such a change 

SUMMARY AND CONCLUSIONS 

A study of the effect on the blood sugai cune lesulting fiom 
alteiation in the time of administiation of piotamine zinc insulin vas 
made in 6 cases of diabetes 

There Avas no appieciable effect on the chaiactei of the blood sugai 
curAe resulting from a change m the time of injection of piotamine 
zinc insulin 

Vaiiations in the blood sugai lei els ma} occui fiom day to day 
even Avhen the patient lemains on the same plan of theiapy 

The single dose of piotamine zinc insulin ma} be gnen at the time 
of day that is most coiiAenient foi the patient 


889 Lexington AA^enue 



DELETERIOUS EFFECTS OF EXPERIMENIAL 
PROTAiMINE INSULIN SHOCK 

1\^[ES A' SHERRILL, :\I D 

AM) 

EATON :M AIvcKAY MD 

S W 1)11 GO, CAI ir 

The eflccls of lnpogl}ccniia of long dination on the vanous tissues 
and on the oiganism as a \\liole aie of fundamental impoitance On 
the immediate practical side, the possibiht) of the use of excessn e doses 
of the slo\\ly acting piotaminc insulin b} untiamed peisons (because 
of the lack of lapid action) oi the accidental administiation of the con- 
centiated piecipitatc fiom a Mai which has not been agitated makes 
essential a kno^\ ledge of the efiects of hypoglycemia due to insulin 
shock Insulin shock is being puiposely used in the tieatment of 
schi 7 ophienia ^ and undesiiable cflects of this use aie also impoitant 

In all of tlic expel iments lecoided heie piotamine 7inc insulin of a 
stiength of 40 units pei cubic centimetci was used It \\as administeied 
subcutaneously Duimg some expci iments - in which h}pei alimentation 
\vas pioduced m albino lats by injections of piotamine insulin, the fiist 
peculiai effects of hjpoglyccmia of even shoit duiation weie noticed 
When the food box became empty oi the dose of insulin was so laige 
that the animals w’eie unable to eat sufficient food to pi event the occui- 
lence of hypoglycemia, insulin shock ensued, with the chaiacteiistic 
comulsions and coma Deteiminations of the dextiose content of blood 
from the tail oi fiom the heait by a method which gives appioximatelv 
tiue values for dextiose weie found to lange fiom 0 to 27 mg pei 
hundied cubic centimcteis, depending on how’ neai a convulsion (which 
w ould tend to i aise the a alue) the specimen had been taken No amount 
of dextiose in an appiopiiate concentiation gncn by stomach tube oi 
intiapeiitoneally w'ould lescue these lats The concentiation of sugai 
in the blood was often checked, and even wdien it w^as laised to above 
100 mg per hundied centimeteis and kept above this level the lats 

From the Senpps Metabolic Clinic 

A preliminary report of some of the experiments described in this paper has 
been published (Proc Soc Exper Biol & Med 36 515, 1937) 

1 Sakel, M Neue Behandlung der Schirophrcnia, Vienna, M Perles, 1935 

2 MacKay, E M, and Callaway, J W Hj peralimentation m Noimal Ani- 
mals Produced by Protamine Insulin, Proc Soc Exper Biol & Med 36 406, 1937 

3 Somogyi, M A Method for the Preparation of Blood Filtrates fot the 
Determination of Sugar, J Biol Chem 86 655, 1930 
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always died fiom ten minutes to foui hours latei A total of 38 animals 
in such accidental or planned experiments were followed The occa- 
sional death which occuried soon after sugai was administeied will 
be consideied in connection with the similai behavior of dogs Almost 
all of the other rats died, appaiently fiom respiratory failuies, with 
hjpoglycemia or with the sugar content of the blood raised to noimal 
but without any effect on the symptoms A variable degiee of hemor- 
ihagic edema of the lungs vas always observed Some time before 
death the pulmonary pathologic condition was evidenced by the oozing 
of blood-tinged serous fluid from the nostiils of the comatose rat This 
recalled the behavioi of lats which we had once observed aftei an over- 
dose of epmephiine, and the possibility occuiied to us that the effect 
of insulin was, at least in pait, an overpioduction of epmephiine during 
the hypoglycemia Although we have been able to demonstrate high 
concentrations of epinephrine in the blood of the lats with insulin 
shock we have been unable legularly to prevent the development of 
the pulmonaiy pathologic condition in insulm-ti eated lats by prior 
icmoval of the adrenal medullas with sufficient time allowed foi regene- 
ration of the cortical tissue Further study of this pulmonary edema, 
which occuis as a lesult of piolonged hypoglycemia in the albino rat 
but not in dogs, is wai ranted Histologically it is similai to the neuro- 
pathic pulmonary edema which occurs when both vagus neives aie 
cut in the rabbit or m the guinea pig This occui s regulai ly when the 
vagi aie severed m the rat, but it is interesting m view of the effects 
of insulin that in our hands, at least, such a piocedure causes no 
serious symptoms in the dog Howevei, Pi of Maui ice B Visschei 
wrote us that Dr Victor Loibei, working in his depaitment, has found 
that the pulmonaiy edema caused by vagotomy is not tiiily neuiopathic 
He has found that if one vagus nerve is cut below the recuiient laryn- 
geal neive and the othei above it, the rat oi guinea pig does not die 
He concluded that the edema which follows bilateral cervical v'^agotomy 
IS the same type as that which occurs in any type of tiacheal obstruction 

When dogs weie given protamine insulin in sufficient doses to 
maintain hypoglycemia foi periods of thiity hours or more, often with 
no convulsions but only a condition of deep stupoi, the administration 
of dextrose by stomach tube during this period gave rise to fatal con- 
vulsions Bollman ® has made similar observations Six of oui animals 
died in this manner It also happened occasionally with the hypogly- 
cemic rats A typical protocol follows 

4 Farber, S Studies on Pulmonary Edema I The Consequences of 
Bilateral Cervical Vagotomy in the Rabbit, J Exper Med 66 397, 1937 , Studies 
on Pulmonary Edema II The Pathogenesis of Neuropathic Pulmonary Edema, 
ibid 66 405, 1937 

5 Bollman, J L , cited by Wilder, R M , and Wilbur, D L Diseases of 
Metabolism and Nutrition Review of Certain Recent Contributions, Arch Int 
Med 59 341 (Feb ) 1937 
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li-\rn iMi^i 1 — A mongrel bitch weighing 29 Kg was kept without food for 
t\\cnt\-four hours, at the end of winch peiiod the \aluc for blood sugar was 57 
ing per bundled cubic centimeters Sixty units of protamine zinc insulin was 
gnen At the end of one and one-half houis the value foi sugai in the blood 
was 55 mg At the end of ten horns the dog w’as nervous Aftci nineteen hours 
the ^ahlc for blood sugai was 23 mg Fift}'' units of insulin w'as given At 
twcnl\-two hours the \ahie for blood sugai was 23 mg and the dog was coma- 
to-^c \t twcntN-sc\cn houis the \alue for blood sugai w'as 18 mg, and the 
animal made an occa'-ional mo\cmcnt At thirty-two hours the value foi blood 
Migar was 6 mg \t loiti-thicc houis the animal had a convulsion At fifty 
hours the \alue foi blood sugar was 22 mg, and the dog w'as in deep coma At 
fiit\-fi\e hours the \alue foi blood sugar was 15 mg At sixtj-one hours 200 
cc 01 a 2a per cent solution of dcxtiosc was gnen b\ stomach tube At sixtj-one 
and one-(iuarlet hours (here w.is a cointilsion At sixt\-one and one-halt hours the 
\ahiL lor blond sugar was 54 mg and coiniilsions wcie almost continuous At 
sixn-niie and st.^Ln-len^bs houis the .animal died 

J he coiiMilbions, and sudden death weie similai to the lesults of 
administrations of watei '■ to piCMonsh dchydiated labbits Aftei a 
ni’inbei ol tiiais we wcie able to piodncc convulsions and sudden 
death in 1 comatose inpoghceimc dog bt giving watei alone Four 
of 9 lats in which the cxpciiment was tiicd wcie killed m this way 
Bollinan ' lound that dogs which died in such attacks showed multiple 
petechial hcmoiihagcs scattcied tluoughout the biain We obsened 
such hemoirhages in the biain of onl} 1 dog, and this animal did nor 
die suddcnl} when dextiose was fiist gnen but lingeied foi nearly 
twent} houis The causes of sudden death wdicn dextiose is given m 
cases of InpogKccima are piobabh sudden electiol}te shift and hemo- 
concentr.ition stipei imposed on ceiebial stasis and degeneiative changes 
which ha^e been pioduccd in the nene tissue" Allen and Vicens ® 
hate lecenth pointed out that the eflecls of shock and of laige doses of 
insulin are mutu.illt aggiatatmg It is possible that wdien the oigamsm 
dies from in*;!!!]!! poisoning, even aftei the sugai content of the blood 
has been icstoied to noimal and without impiovement m the geneial 
condition, the condition of ciiculatoiy shock w'hich contiibutes to death 
fiom excessite doses of insulin, apait fiom the blood sugai level per se, 
IS so serious that ultimatcl} it would cause death undei any cncum- 
stances Death would be hastened in these conditions by the adminis- 
tration of stiong solutions of dextiose oi by any othei theiapy which 
would tend to altei the concentration of the body fluids too lapidly 

6 MacKa\ , L L , and MacKav, E M Convulsions Resulting from Fluid 
Adminislralion Followung Sucrose Injections and Water Abstinence, Proc Soc 
Exper Biol & Med 21 286, 1924 

7 Riggs, H E , and Grifiitbs, J O Pathologic Changes m the Nervous Sys- 
tem Incident to Alterations in the Physiologic Dynamic Equilibrium of the Blood 
(Insulin Shock), Arch Neurol & Psj'chiat 39 643 (Mareh) 1938 

8 Allen, F M , and Vicens, C A Surgical Treatment of Experimental 
Insulin Poisoning, Endocrinology 24 230, 1939 
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The most mteiestmg of the deletei ions effects of poisoning with 
protamine insulin are the evidences of peimanent damage to the brain 
This IS hardly suipiising m view of the importance of an adequate 
supply of carbohydiate for the metabolism of the brain cells Marked 
hypoglycemia is known to depress the metabolism of the hi am/ and 
degenerative changes have been observed m the ganglion cells of the 
biains of patients and animals given large amounts of insulin Both 
sensory and motoi disturbances ensued as a result of long-continued 
hypoglycemia We shall consider here only those animals m which the 
concenti ation of blood sugar had letuined to noimal for at least four 
days Impaiiment of vision and hearing as well as complete blindness 
and deafness developed In 2 instances there lesulted incessant rest- 
lessness and a complete disoiganization of the emotional complex 
Motor distui bailees were the most common, mcooidmation, spasticit}' 
and even paralyses lesultmg from the long lowered sugar content of 
the blood, with consequent reduction in the metabolism of the hi am 
Details of only 1 expeiiment aie given m the tipical piotocols which 
follow 

Experimext 2 — A mongrel bitch weighing 201 Kg w'as kept without food for 
tw'o da>s and w'as then given 40 units of insulin The value for blood sugar 
was 62 mg per hundred cubic centimeters At three hours this value w'as 51 mg, 
and at eight hours it was 33 mg At eleven hours 20 units of insulin w'as gnen 
At tw'enh-tw'o hours the value for blood sugar was 20 mg Tw'enty units of 
insulin was given At tw'entv-six hours the \alue for blood sugar was 15 mg 
Ten units of insulin was given At tw'entj'-eight hours there was a severe con- 
lulsion follow'ed b}' coma At thirty-eight hours the animal was still comatose, 
wuth an occasional convulsion At fortj-four hours the value for blood sugar 
W'as 8 mg , 50 gm of dextrose in 20 per cent solution was gnen by stomach 
tube At fift 5 '-four hours the animal w'as recovering slightly and was given 30 
units of insulin At fifty-eight hours the value for blood sugar was 0 There 
w'ere numerous convulsions At seventy hours the animal was still in coma, 
with occasional convmlsions At sev entv -eight hours 10 units of insulin was 
giv'en There was no change in the animal’s condition At ninety hours 20 
units of insulin and, in addition, 200 cc of 1 per cent sodium chloride by stomach 
tube were given At ninetv'-four hours the value for blood sugar was 6 mg 
Two hundred cubic centimeters of saline solution was given At one hundred 

9 Dameshek, W , and Mv erson, A Insulin Hj poglycemia The Mechanism 
of Neurologic Symptoms, Arch Neurol & Psj'chiat 33 1 (Jan ) 1935 Himwich, 
H E , Bowman, R M , Wortis, J , and Fazekas, J F Brain Metabolism During 
the Hj'poglj'cemic Treatment of Schizophrenia, Science 86 271, 1937 

10 Wohlwill, F Ueber Hirnbefunde bei Insuhn-Ueberdosierung, Klin 
Wchnschr 7 344, 1928 Terplan, K Changes in the Brain in a Case of Fatal 
Insulin Shock, Arch Path 14 131 (July) 1932 Bodechtel, G Der hypo- 
glykamische Shock und seme Wirkung auf das Zentralnervensj'stem, zugleich em 
Beitrag zu seiner Pathogenese, Deutsches Arch f klin Med 175 188, 1933 
Weil, A , Liebert, E , and Heilbrunn, G Histopathologic Changes in the Brain 
in Experimental H 3 pennsulimsm, Arch Neurol & Psj'chiat 39 467 (March) 1938 
Moersch, F P, and Kernohan, J W Hvpogbcemia Neurologic and Neuro- 
pathologic Studies, ibid 39 242 (Feb ) 1938 
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and two lioiirs the animal was still in coma Three hundred cubic centimeters 
01 milk was gncn At one hundred and ten hours the temperature w'as 36 C 
(964 ) , 50 Gm of dextrose in 300 cc of milk w'as given At one hundred and 
tweKc hours tlicrc were practicalh no comulsions, but the animal w'as still coma- 
tose \t one hundred and twcnt\-four hours the animal w'as commencing to 
regain consciousness It was still being forcibh fed At one hundred and tinrt.v- 
six hours It attempted to stand With careful feeding and the w^armth of a 
hot pad the animal giadualh rcco\ered from the insulin coma There was 
marked '-pastieite of the postenoi extremities, and this persisted as a permanent 
result It was fm.dh discoected that the dog was totalK blind, and there w'as no 
evidence oi funetion of the oltactorv nerve Food placed in the mouth vv'as swal- 
lowed and n the nose was rubbed iii it it would be taken and swallowed Non- 
cdible nntcnal, hovvevei, was taken just as leadilv During the ensuing three 
weeks there was no impiewcment in this .mimars condition 

FxriKiMiXT 3 — \ male inllic weighing 32 Kg was given a total of 125 
units oi nT'Ulin ovei a foui dav permd The dog was in coma, with a variable 
number oi convulsions, for fortv-two hours of the first three davs All of the 
louith ind filth davs weic spent in coma, with oiilv an occasional convulsion 
\dmnustr.Uion eii dextrose vv.is eommenced, and m three davs the animal 
reached the maximum reeoverv Residual damage to the brain icsulted in impaired 
hearing hut not m tot.d deafness '1 he dog had formcrlv been quiet and now 
was restless, uinvnig about Ins cage mccssantlv Before the insulin shock he 
had been decile ami had liked attention \ovv snaihng gieeted anv one’s approach 
and he could be handled onlv with difiiciillv 

Lxi’iMMixi 4 — \ male German shepherd dog weighing 41 Kg was kept in 
insulin eom.i with the usual incidence of convulsions, for eightv -eight hours in 
five divs In the use oi 145 units of insulin \\ hen it recovered it was entirelj 
normal exeept for Iitmiplcgia on the right This pcisisted and showed no 
icmleiicv to clear up during the following weeks 

Kxi'iiumixt 5 — A mongrel terrier biteh weighing 10 5 Kg was kept in coma 
lor almost all of three davs bv the use of 75 units of insulin Convulsions were 
extrcmelv nuineious After reeoverv there was noticeable spasticitv of the 
posterior extremities, .i peculiar twitching of the head, failure to wag the tail 
or show the usual iriendhness vvhen called bv name and loss of most of the sight 
in the left eve 

All of the animals used m these expenments weie killed aftei they 
had been ohsened foi thiee weeks aftei the cessation of hypot^l) cemia 
Theie was no evidence of suflenng, but it seemed unwuse to continue 
life longei foi the pathologic condition of the hi am w'as indiiectly the 
sotiice of some discomfoit 

Apait fiom the fatal efJccts of oveidoses of piotamme insulin, wduch 
Allen and Vicens^ have emjthasucd, iccoveiy wutli peimanent ceiebial 
pathologic conditions icpiesents an impoitant undesnable effect not 
only of accidental ovci dosage but of tieatment of neuial disease with 
this ding Gcllhoin ” has pointed out not only that the nenmus s}stem 

11 Gcllhorn, E Effects of Hvpogl>ccmia and Anoxia on the Central Nervous 
Sj'stem A Basis foi a Rational Therapy of Schizophrenia, Arch Neuiol & 
Psychiat 40 125 (July) 1938 
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IS influenced by hypoglycemia in a mannei similai to that in which it 
IS afitected by anoxia but that hypoglycemia sensitizes the central nervous 
system to anoxia so far as functional effects ai e concerned If this 
IS so, It should also be true of pathologic changes, and it piobably is, 
the caie of the hypoglycemic condition is doubly important, for the 
condition of the circulation in insulin shock is frequently contributoiy to 
a state of anoxia It is possible that administration of oxygen as veil 
as injections of dextrose would be desirable in cases of seiious over- 
dosage with insulin We plan to examine this point experimentally 

SUMMARY 

Ovei dosage with piotamme zinc insulin produced the chaiacteiistic 
coma and convulsions m the lat If the duiation of the insulin shock 
was not shoit, the admimstiation of dextiose m amounts sufficient to 
raise the blood sugai level to a normal value was without influence 
Death fiom respiiatoiy failuie always ensued, and theie was usually 
maiked edema of the lungs 

The admimstiation of stiong solutions of dextrose b)' stomach tube 
to rats 01 dogs or mtrapei itoneally to lats which have been in insulin 
shock foi some time is fiequently followed by convulsions and sudden 
death Administration of watei occasionally has the same efiect These 
lesults are probably due to a sudden electiolyte shift and changes m 
the concentration of the body fluids superimposed on an impaiied geneial 
circulation and cerebral stasis and to degeneiative changes consequent 
on the pieceding hypoglycemia 

Hypoglycemia is known to affect the metabolism of the brain in an 
adveise manner and to give use to degenerative changes We found 
evidence that prolonged hypoglycemia led to peimanent functional dam- 
age to the brain After long peiiods of hypoglycemia due to the admin- 
istration of protamine zinc insulin oAer a peiiod of thiee to five days, 
permanent sensor)'^ and motoi disturbances ensued The dogs had impaii - 
ment oi complete lack of vision oi heaiing, distuibances of the emotional 
complex, incooi dmation, spasticity and even paialyses 

These results show once moie the necessity foi great caie in pre- 
venting unnecessaiy hypoglycemia The admimstiation of insulin should 
be caiefully conti oiled The shock should be maintained for as short a 
time as possible when it is produced foi theiapeutic purposes 

12 Gellhorn, E , Ingraham, R C, and Moldavsky, L The Influence of 
Hypoglycemia on the Sensitivity of the Central Nervous System to Oxygen Want, 
I Neurophysiol 1 301, 1938 

Ell Lilly and Company supplied the protamine zinc insulin used in the early 
part of this study Additional supplies were furnished by E R Squibb & Sons 



TRANSPORT OF AIR ALONG SPIEATHS OF PULMONIC 
BLOOD VESSELS FROM ALVEOLI 
TO MEDIASTINUM 

CLINICAL IMPLICATIONS 
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LONDON, ONTARIO, CANADA 

EXPERIMENTAL INVESTIGATIONS 

Puhnomc Intel stiiial Emphysema — ^Thal air, after it has broken 
fiom the pulmonic alveoli into the inteistitial tissue of the lung, can 
trarel along the sheaths of the pulmonar}^ blood vessels, in aitificial 
channels which it dissects foi itself, to the loot of the lung, and from 
thcic into the mediastinum, has been amply demonstrated in a senes 
of expei iments on cats and othei animals ^ The alveoli are made to 
leak by oiei inflating them, and so stretching and stiaimng the walls 
This is accomplished by passing a tiuncated catheter into a legion of 
the lung (the lowei lobe of the light lung is conveniently used) and 
bloving an into it, thus extending the alveolar walls and pioducing 
mail} small ruptuies in then floois, which overlie the small blanches 
of the pulmonary blood vessels It is impoitant to visualize clearly this 
locus of the leakage," the area of which vanes in size depending on 
the volume of lung thus h}pei inflated Continuance of the blast means 
persistence of the an leakage and onwaid movement of the an through 
these aitificial tunnels in the ^ascular sheath, which inciease in size as 
they aie followed towaid the loot of the lung 

An bubbles m the pulmonic aiteiial and venous sheaths may easily 
be seen with the naked eye at the loots of the lungs in the fieshly opened 
thoiax By caicftil inspection and piobing the situation of the an in 
the lasculai sheaths can be demonstiated By slicing the fiesh lung 
the bubbles can be seen, but with gieatei difficulty, and then only in the 
legion of the hilus in the animal lungs It is not easy to deteimine 
then exact iclation to the blood Acssels undei these conditions, for the 

From the Department of Histologj and Embr>ologv, the University of Western 
Ontario Medical School 

1 Pulmonic perivascular emphjscma so induced has been studied intensively 
in material from 12 cats In addition, 23 other animals (14 cats and 9 labbits) 
have been experimented on to clear up special points 

2 Mackhn, C C Pneumothorax with Massive Collapse fiom Experimental 
Local Over-Inflation of the Lung Substance, Canad M A J 36 414, 1937 
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air diftuses out quickl}^, and the operation of slicing, even when carefully 
done with a shaip knife, disturbs its relations, and even leads to its 
e\acuation Thus it is necessary to rel)’- on properl}^ fixed mateiial 
We have found that fixation is best accomplished by leinoving the 
collapsed lungs from the animal immediately aftei the expeiiment and 
filling them by way of the bionchial tree Muth a fixative (40 pei cent 
solution of formaldehyde diluted 1 10, Zenker’s fluid and otheis weie 
used) The lungs were then immeised in the same fluid and allowed 
to stand for a day or two, until well hardened Thin sections were 
cut from various parts, extending from the region of o^el distention to 
the loot of the lung Blocks 2 mm oi more in thickness weie cut 
tiansversely or longitudinally to the long axis of the pulmonai} blood 
vessels and examined with the binocular microscope, these weie Aery 
mstructiA^e, for in a senes of such pieces it Avas possible to tiace the 
tiack of the air from the sheaths of the finer A^essels, Avhich had been 
invaded, doAvn the Avascular tree to the large sheaths of the pulmonic 
Aascular stems at the roots In these fixed tissues the an has, of couise, 
diffused out but the pattern of the bubbles lemains It often is found 
that the Aessel is obviousl}’^ encioached on by the bubbles, and may eA’-en 
be completely collapsed by the pneumatic armature In figuie 1 the 
arterial and venous branches seen are each separated fiom the eiiA ironing 
lung tissue by a thick zone of an The foi mer loose, succulent connectn e 
tissue of the sheath has been greatly distended , indeed little oi nothing 
is seen of this original tissue but thin strands joining the lung substance 
Avitli the Avail of the A’^essel The blood floAV m such a pait must be 
almost, if not completely, stopped In figure 2 the lUAasion of an is 
of more moderate degree, but even here it is plain that the air Avould 
impose a circulatorj'^ handicap The most striking accumulations aie 
m the roots of the lungs Avhere the coiiA'eiged air streams haAe meiged 
into large blebs Here the air block is of sti ategically gieatei importance 
than it IS more peripheral!), foi it impinges on mam trunks lathei than 
on smaller branches The end result AA’-ould obviously be a seiious 
impediment to the pulmonary circulation In experimental animals I 
haA'e neA^er observed the air m the sheaths of the bronchi noi m those 
of the bronchial blood A^essels Thus pulmonic inteistitial emphysema 
IS primaril) an affair of the sheaths of the pulmonic blood Aessels 
There are, particularly m the region of the hilus in laigei lungs, 
extensions of air into contiguous connectwe tissue foimations, but in 
this experimental iiiatei lal pulmonic interstitial emph) sema Avas 
practically synon)mous Avith pulmonic peiiA'^ascular emphysema 

Pnenmoinedtastimim — Further leakage into the peripheial intei- 
stitium of the lung may cause the three dimensional air iwei to bieak 
through into the mediastinum, and so the tissues heie are distended Avith 
large blebs The pressure may become so great that escapes must be 
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Fig 1 — Pliotoniicrograph (X 2 8) of a thick transverse, freehand slice through 
the region of the hilns of the lower lobe of tlic right lung of a cat wdneh had been 
subjected, while alne and under anesthesia induced wnth ether and dial (2 cc 
injected intrapcntoneallj ), to In pcrinflation wnth pure air blowm in through a 
catheter inserted b\ wa% of an opening in the trachea, just below' the larynx The 
jircssurc w'as 2 cm of incrcur\ at the beginning and was increased 2 cm each 
minute for a total of si\ minutes of continuous insufflation until a inaMinum of 
12 cm of mcrcur\ was attained The insufflation w'as pressed until the annnars 
chest and abdomen were well distended 

The bronchus has heen cut at a fork The mam stem of the bronchus is the 
large rounded, dark spot near the center of the field , its branch is the smaller 
rounded spot to the right and abo\e No air is seen in the bronchial sheaths 
Iwo branches ol the jnilmonary artery are seen — one to the right of the main 
hronchus and one to the right of the branch Each is entirely surrounded by an 
air space, asa The cobweb-like formation of connective tissue, representing the 
strands tint remain to connect the wall of the artery wnth the outer boundary of 
the lascular sheath, is well seen around the larger arterial branch The pulmonary 
\em (v) IS seen to the left of the mam bronchus It has been cut obliquely and is 
not as plainly showm as arc the arteries Around it is the air space asv 

This IS a good example of a case of marked pulmonary vascular interstitial 
emphysema induced experimentally by prolonged local overinflation of a region of 
the lung, as seen around the larger blood vessels of the hilus, under low pow'er 
There was double pneumothorax m this case, with complete massive collapse 
Immediately after the massive collapse occurred, the lungs w'ere carefully removed 
and filled wnth Bourn’s fluid, by means of a cannula m the trachea, to the degree 
of normal inflation They w'cre sectioned after hardening m this fluid 

The lumens of arteries and \ems have been almost obliterated by the pressure 
of the air m the sheaths, so that the blood flow' must have been almost completelv 
stopped Air m the mediastinum and retiopeiitoneum added to the circulatory 
impediment 




916 


ARCHIVES OF INTERNAL MEDICINE 


found, I have met an freshets breaking through downward — into the 
retroperitoneal space (with even further onflow into the gioin and leg) , 
upwaid into the loot of the neck, face, axilla, wall of the chest and 
aim, f 01 ward between the parietal pleuia and the peiicardium, to appeal 
as blebs overlying the heart (pneumoprecoidium), and laterally into 
the opposite lung oi unbloated parts of the same lung Of couise, the 
air in the mediastinum and contiguous regions interferes further with 
the function of the vasculai system The heait and gieat vessels are 
pressed on, it may be grievously Ballon and Fiancis® induced a fall 
in blood pressure in animals b}'' increasing the mtramediastinal pressure 
The coronary vessels must be compressed m marked cases, and it seems 
likely that the current within them is slowed Embarrassment occurs 
similarl)'' in all other blood vessels which aie implicated in the spread of 
the emphysema, but it must be in minoi degree where the region is 
unconfined and the environing pressure not greatly raised The most 
impoitant blockade is m the mediastinum and lung In my experimental 
animals there was, in exti erne cases, such obstruction that the circulation 
was stopped As an incident in the course of experimental pneumo- 
mediastinum we observed pneumothorax, and in the cases investigated it 
was caused by lupture of the mediastinal wall, strained past endmance - 
Its effect is to lelieve the piessure in the mediastinum and lung, thus 
freeing the circulation , at the same time, by collapsing the lung, it stops 
the further leaking of air into the vascular sheaths Unfortunately, in 
these animals it was always double and complete, and hence was incom- 
patible with continuance of life 

CLINICAL PARALLELS 

Theie are clinical parallels for this condition of puhnonogenic 
pneumatization of the interstitial tissues, and for all aspects of it, 
paiticularly pulmonaiy inteistitial emphysema and pneumomediastinum 
Contributions to the hteiature have recently been numerous 

Puhnomc Inteishtial Emphysema — This condition in man, as in 
animals, is fundamentally emphysema of the vascular sheaths Tiue, 
there aie often extensions from these sheaths into the adjoining con- 
nective tissue, and the air sometimes dissects along a tiabecula of 
connective tissue to the pleuia, to form a bleb under rt, particularly 
in the region of the root It is possible that these blebs lupture at times, 
to cause pneumothoi ax, as some authors have stated I have seen an 
excellent example of air canalization of the sheaths of the pulmonic 
vessels in a human lung which had been piopeity fixed The reason 

3 Ballon, H C , and Francis, B F Consequences of Variations in Medi- 
astinal Pressure Mediastinal and Subcutaneous Emphysema, Arch Surg 19 1627 
(Dec , pt 2) 1929 
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Fig 2 — Piiotomicrograpli of a thick frozen section, stained with the Mallory 
technic Magnification, x 86 This tissue was from the lower lobe of the right 
lung of a full-grown cat which had been subjected, while alive and under anes- 
thesia induced with ether, to insufilation of air ciiarged with osnnc acid vapor, 
introduced Ma a catheter, for a period of twelve minutes The catheter tip was 
obser\cd at autopsy in the main bronchus of the low^ei lobe of the right lung 
There were double pneumothorax and massive collapse The lungs were removed 
one-half hour after death and filled, bj w'ay of the trachea, wnth Orth’s fluid to 
the extent of ordinary inflation Frozen sections were cut after the material w’as 
hardened The osnnc acid \apor had nothing pninaiih to do with the perivascular 
interstitial cmpln seina 

Near the centei of the field is seen a contracted branch of the pulmonary 
arter\, au Abo\e and below it arc artificial air spaces, asa In the fresh 
condition the presence of air bubbles makes these spaces smooth in contour, but 
the air has been replaced b) the reagents used and the walls of the spaces appear 
ragged Part of a bronchial wall is seen in the low’er left corner The average 
diameter of this branch of the pulmonary artcrv, in the fixed and dehydrated 
condition, is about 0 3 mm This is a good example of invasion of air and canaliza- 
tion of the sheaths of the smaller branches of the pulmonary artery The piesence 
of the air diminishes the caliber of the blood vessel and impedes the circulation 
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that so little has been known about the exact location of an in the 
intei stitium of the human lung is because ( 1 ) fixation has been delayed 
until much, or indeed all, of the an has diftused out, and ( 2 ) fixation 
has been by immeision of the excised contacted pieces, from which 
the an has escaped Fuithei leseaich by bettei methods is needed on 
the histopathologic changes induced by aberiant an in the human 
pulmonic mteistitium Fixation should be immediately aftei death, and 
by injection into the bronchial tiee 

Cases of puie pulmonic interstitial emphysema have not been well 
difiei entiated clinically Roentgenogi aphic demonstration is not easy 
The condition is often so complicated by pneumomediastinum and its 
sequelae that it is difficult to isolate cases symptomatically Even when 
the an has not diffused beyond the lung there is undoubtedly an impedi- 
ment to the cn dilation, and the degiee of this would depend on several 
factors, among them the extent of the aiea of leakage The fact, how- 
CA'^ei, that 111 the lungs the laigest an blebs gather ?t the root, where they 
compress the gieatei vessels and can do most damage, makes a small 
aiea of leakage assume an importance out of all proportion to its size 
The sheaths are appaiently able to stretch to a considerable degiee, to 
make room foi the invading air, but when they aie well pneumatized 
as I have seen them, the vessels are collapsed and appear to be clamped, 
as it weie, in an air vise 

Do this pressuie and inter feience with the flow elicit pain, particu- 
lail} fiom the obstiucted arteiies'? This question has been raised,^ 
but as yet there is no answer Ceitainly there aie many cases in wdiich 
pain 111 the lateial portion of the chest ushers in the outspoken signs 
and symptoms of pneumomediastinum Flamman,® Moiey and Sosman,® 
Phillips,'^ Maxwell ® and many others mentioned lateral pain Some- 
times It IS sharp , sometimes it is described as a “stitch” m the side 
Between the time of onset of the lateial pain and that of the piecordial 
pain of pneumomediastinum theie is often an inteival such as would 
presumably allow for the tiansit of the an fiom the vascular sheaths 
into the mediastinum 

Thus, the most impoitant point about pulmonic inteistitial emphy- 
sema seems to be the associated ciiculatoiy emhari assment It must 

4 Mackhn, C C Spontaneous Mediastinal Emphjsema A Review and 
Comment, M Rec 150 5, 1939 

5 Hamman, L Spontaneous Mediastinal Emphysema, Bull Johns Hopkins 
Hosp 64 1, 1939 

6 Morey, J B , and Sosman, M C Spontaneous Mediastinal Emphysema, 
Radiology 32 19, 1939 

7 Phillips, P Subcutaneous Emphysema During Labour, Brit M J 1 54, 

1938 

8 Maxwell, J Spontaneous Haemopneumothorax, Brit M J 1 778, 1938 
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not be f 01 gotten, too, that infections ina)'' tia\el fioni the alveoli along 
these “false” channels, so stalling inflammatoiy foci on the cotiise of 
the blood \cssels and in the mediastinum Impel atoii mentioned such 
a case 

PncKiiiouiediastniimi — Although pneumomediastinum has been 

lecognized clinically foi a long time, theie has been a lecent levnal of 
mteicst in it, and some impoitant points have been emphasized One 
of these is the cuiious crunching sound which is heaid ovei the legion 
of the heait in some cases and which, on account of the piominence 
gnen to it h} Hamman,'‘ mac he knowm as Hamman’s sign This noise 
w^as attiihulcd h} Hamman, and I think wnth good leason, to the piesence 
of an hctw’een the anleiioi jiaiielal peiicaidium and the thoiacic cage 
I ha\c noted fiequcnth m my cxpciimental animals that, on removal 
of the steinum and costal caitilages, a fioth of bubbles of diffeient 
sizes oieihmg the panetal pcncaiclium, w^as conspicuous These 
bubbles had CMdciith woikcd themselves fonvaid fiom the posteiior 
pait of the mediastinum Agitation of them by the beait’s action gives 
use to the chaiacteiistic sound, which Hamman stated ina) sometimes 
be heaid with the unaided eai I have ne\ci obsened an bubbles 
within the peiicaidial caMt\ m animals No doubt there aie many 
cases in which the an does not extend foiwaid around the heart, and 
then thcie would be pneumomediastinum wnthout tbe ciunchmg sound 
In these cases Hamman said that the i oentgenogi aplnc evidence of an 
in the mediastinum ma} be decisive Thus the absence of Hamman’s 
sign docs not iiile out cmplnscma of the mediastinum In the usual 
postcioantciioi oi anteioposteiioi piojections it is onh the moie out- 
lung pockets of an that can be seen Lateial and oblique piojections 
should aKo be used Theic aic tcitainh main degiees of invasion of 
an. fiom a few small bubbles in the posteiioi poition of the mediastinum 
to the cxtieme inflations wnth eruptions into contiguous teiiitoiy, as 
ahead} dcsciibcd, and with luptuic of the w'all into the pleuial cauty 

The pain of pncumomcdiastimiin has often been emphasized It 
seems to dejiend laigcly on the amount of distention, and has been 
clesciibed as sbaip and stabbing'' It is in the piccordial aiea In cases 
in wdnch the initial pain is lateial I suspect that it oiiginates in the 
pulmonic inteistitial tissue oi pleuia lathei than in the mediastinum The 
natuic of the pain and its line of iiiadiation, sometimes dowm the left 

9 Iniperaton, C J Pericarditis as a Tcnninal Lesion in Mediastinitis 
Report of a Case Following Inhalation of a Foreign Body in the Bronchus and 
Accompanied by Spontaneous Emplij'scma, Ann Otol , Rhin & Laryng 42 923, 
1933 

10 Andrus, PM A New Method for the Radiographic Exploration of the 
Mediastinum and Concealed Portions of the Pulmonic Fields, Radiology 23 
97, 1934 
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arm, have led to the erroneous diagnosis of coronary occlusion It ’s 
possible that the thrust of the air even through both layeis of peiicardium 
may indent the coronary blood vessels and so cause anginoid pain The 
pecuhai ciunching noise has doubtless been taken for a peiicaidial rub 
Thus, on account of mediastinal emphysema, unfavoiable prognoses have 
been made baselessly 

It IS remarkable how speedily the air is absorbed from the medias- 
tinum when its inlet is stopped and pioper therapeutic measures aie 
taken One to two weeks, with appropriate treatment, is usually suffi- 
cient for its disappearance Noteworthy, too, is the extent of the spread 
of air that may occur without entailing a really critical condition The 
neck, face, chest and other parts of the patient may look severely 
bloated, yet he may soon regain his normal appearance Sometimes, 
howevei, the area of pulmonic leakage is extensive, with copious infiltia- 
tion of the vascular sheaths, as, for instance, in cases of bronchial 
impaction by foreign bodies m which a mam stem is occluded, leading 
to serious diminution m lung volume through absorption of the air 
Here the compensatory alveolar ectasia may be voluminous and of a 
seveie type The leaking area may be on the same side as the atelectasis, 
or it may be in the opposite lung, oi in both When the interstitial air 
pressure in the lungs and mediastinum emban asses the circulation 
markedly there are dyspnea, cyanosis and dilatation of the right side 
of the heart Pneumothorax, intervening by rupture of the mediastinal 
wall, as in my experimental animals, and possibly also m man, or by 
rupture of a subpleural bleb in the region of the root, connected, as 
already described, with the air-inflated vascular sheaths, relieves the 
impediment to the circulation and stops the leak by ovei coming its 
cause, the hyperinflation It may thus be regarded as a natural thera- 
peutic method It is often slight in degiee,® and does not always occur 
spontaneously in these cases If the patient is in a critical condition it 
may be necessary to remove the air The root of the neck may be 
incised and the an drawn off with a suction apparatus (Tiegel ^") A 
hard rubber cathetei may be inserted fiom the root of the neck into the 
mediastinum, or the suigical method of Furstenbeig and Yglesias 
may be used Aitifi6ial pneumothorax on the side of the leak is likety 
to put an end to furthei transport of air and invasion of the mediastinum 
by coirecting the overmflation which lies at the basis of the leaking 

11 Hamman, L Spontaneous Interstitial Emphj^sema of the Lungs, Tr A 
Am Physicians 52 311, 1937 

12 Tiegel, M Ein emfaches Verfahren zur Bekampfung des mediastinal 

Emphysems, Zentralbl f Chir 38 420, 1911 • 

13 Furstenberg, A C , and Yglesias, L Mediastinitis A Clinical Study 
with Practical Anatomic Consideration of the Neck and Mediastinum, Arch Oto- 
larjng 25 539 (May) 1937 
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Mode of All Leakage — A few fuithei details as to the mechanics 
of leakage of an fioni the alveoli may heie be m oidei The aheiraiit 
an, as has been seen, cnteis the vascular sheaths thiough numerous 
minute openings in the floois of the alveoli which overlie the finer 
1 amifications of the pulmonaiy aiteiies and veins These luptuies, 
which aie situated in the meshes of the capillaiies, are bi ought about by 
(a) undue sti etching and Meakennig of these alveolar bases during 
ovei distention of the pait with an, and {b) a piessuie giadient fiom 
alveolus to \ascular sheath The giadient is a dnect lesult of the over- 
distention, which has the efl.ect of pulling away the enveloping alveoli 
fiom the pulmonic blood vessels, and so of diminishing the pressure m 
the sheaths aiound them 

The sites of the luptuics may be indicated by the injection of hot 
gelatin containing pai tides of caimme of small size into the bionchial 
tiee of a collapsed lobe which has immediatel}'’ befoie been foiced to 
leak an by expeiimental ovei inflation This zone of ovei inflation in 
the' animals laj immediately aiound the tip of the cathetei fiom which 
the an issued The piessure legisteied on the meicuiy manometei 
duimg the insufflation, fiom 1 to 22 cm of meicuiy, was somewhat 
highei than that to which the aheoh weie actually exposed, foi theie 
was some leflux, due to the fact that the tip of the cathetei was loosely 
inserted In sections cut from this mateiial, piopeily fixed, the caimine 
particles appealed in small heaps on the an side of the alveolar wall, 
where they had been filteied out as the fluid gelatin passed thiough 
the minute ruptuies into the undei lying vasculai sheaths Wheie the 
luptures were laiger the caimine appealed m sti earns of particles leading 
from the sites of ruptuie into the mass of gelatin in the sheath, which 
had displaced, in pait at least, the an which had invaded it but a shoit 
time before, duiing the fiisl stage of the experiment I have seen no 
cases of a single luptured alveolus, such as have been said by some 
authors to be implicated possibl)’' m such leakages 

Dai] gets fiom Atelectasis — In the expeiimental cases the legion of 
enlarged volume, oi alveolai ectasia, was centially situated, aiound the 
tip of the catheter It was ballooned by the blast of an Aiound this 
focus was a zone where the an spaces must have been i educed in volume, 
to compensate foi the cential enlargement But in cases m man, on 
the contiaiy, it is often the aiea of diminished volume, oi atelectasis, 
which IS centially placed, while around it, oi adjoining it, theie is com- 
pensatory expansion of the an spaces, oi, as it is often called, com- 

14 Macklin, C C The Site oi Air Leakage from the Lung Alveoli into the 
Interstitial Tissue During Ixical Over-Inflation in the Cat, Anat Anz 85 78, 1938 
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pensatoiy emphysema It is doubtless fiom this hypei expanded legion 
that the leakage of air occurs The importance of diminution in lung 
volume from any cause should theiefoie be stressed, foi if the capacity 
of the thoiax cannot be lessened to cover the reduction, there must 
necessarily be an expansion of lung substance to fill the space 

Atelectasis thus assumes a baneful significance, for it engendeis 
overstretching of the neighbonng alveoli, with attendant danger of 
multiple lupture The literature is full of instances of pulmonic inter- 
stitial emphysema associated with bionchopneumonia A numbei of 
cases were lepoited during the gieat influenza epidemic of 1918 , as 
those by Kelman and Clark and Synnott Thus, bronchopneumonia 
may be the basis of air leakage The influences of inflammation and 
toxemia probably weaken the alveolar bases, so inci easing the likeli- 
hood of luptuie In some of these cases atelectasis is insidious, }et 
even in cases m which no trace of it has been found I suspect its com- 
phcit} Moie delicate technics foi its detection ma}'- }et leveal i eduction 
in pulmonic -volume m all cases of mteistitial emphysema of the lungs 
This 1 eduction may be laige, as in some instances of impaction b} foieign 
bodies aheady alluded to oi in cases ot massive collapse of the lungs 
01 of lobectomy -without spatial compensation In all cases one ma\ 
legaid 1 educed volume in lung tissue as a potential cause of pulmonic 
mteistitial emph}sema 

In the usual cases of pulmonic mteistitial emphysema and pneumo- 
mediastinum 111 man theie is no pieceding insufflation of an as in the 
expel imental animals, but theie must be a descending piessuie giadient 
fiom the aiea of alveolai ectasia to the tissue fluid spaces of the pulmonic 
vasctilai sheaths of the legion The tianspoit of an along the -\asculai 
sheaths is doubtless much sloivei and less spectacular than it is when 
ail IS actuall)^ being blowm in Coughing piobably facilitates the leakage 
It seems likely that the lengthening and shoitening mo\ements ot the 
pulmonic blood vessels, associated Avith similai movements of the bionchi 
in lespiiation, seive to move the tiain of bubbles along thiough the 
vasculai sheaths The dangei of atelectasis from this angle should be 

15 It would be desirable if pathologists and clinicians could establish a better 
nomenclature for the conditions known as “emphj sema ” This term is used for a 
simple distended state of the aheoli, as in “compensatorv emphj sema”, for a 
degenerate condition of the alveolar walls associated with increased volume, as in 
“pulmonarj' emphysema,” or “pulmonic parenclw matous emplnsema” and for the 
totally different condition of air in the interstitial tissues, “interstitial emphj sema ” 
This application to more than one entitv leads to much confusion 

16 Kelman, S R Experimental Emplnsema, Arch Int Med 24 332 (Sept ) 
1919 

17 Clark, E , and Synnott, M J Influenza-Pneumonia Cases Show mg Gas in 
Fascial Tissues, Am J M Sc 157 219, 1919 
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kept in mind b} the clinician and measuies taken to collect the condition 
of ovei inflation lesulting theiefrom, so that the leaking may be stopped 
Among the lecent lepoits is that of Graebneid® who cited 3 cases in 
which an was demonstiated i oentgenoscopically in the mediastinum 
All the patients had acute obstructive lai}ngitis One (7 yeais of age) 
had measles and peitussis, another (aged 16 years) had soie tin oat, 
a tempeiatuie of 104 8 F and evidence of infectious mvohement of 
the lonei pait of the lespiiatoiy tiact, and the thud (aged 2^4 yeais) 
shoved signs indicatne of maiked bi onchopneumonia, with a tempera- 
tuie of 105 2 F Giaebnei postulated that the an leached the medias- 
tinum fiom the pulmonic mleistitial tissue It seems exident that the 
ability of the aheoh to letain an was impaiied, and that tins w^as due 
to one 01 moie of the following faclois obstructive laiyngitis, possible 
atelectasis and weakening of the alveolai w'alls following the probable 
oveisti etching and ell eels of the infection Escudeio and Adams 
lepoited an inteiesting senes of 9 cases of expeiimental spontaneous 
pneumothoiax in dogs associated with massive collapse, and they added 
a single case of a similai condition in an 8 yeai old giil 

In some cases ol pneumomediaslinum and its sequelae m man. how - 
c\ei, the mode of production is much like that m m} expeiimental 
animals Eisen lecently lecoided a case of suigical emphysema, 
pneumothoiax and pneumopeiitoneum in a noimal boy of 4 3 eais, who, 
while being anesthetized wnth ethei b} the “closed” method, showed 
lapid pulse and respnations and evident geneialized subcutaneous 
emplwsema The piessuie of the ethei \apoi, passing thiough nasal 
catheteis into the nasophannx was piobably too high Roentgenogiams 
showed laige amounts of an in the mediastinum, loot of the neck and 
letioperitoneal tissues, theie was some in the thighs and left pleuial 
ca\it} Eisen expiessed the view’- that this an leaked out fiom the ovei- 
inflated lung along the vasculai sheaths to the mediastinum, in the wac 
that I Inne desciibed ■ In such a case the geneialized empli 3 sema comes 
on lapidly, as in the expeiimental animals 

When one i effects on the mattei , it seems mai c elous that the alveoli 
aie so peifectly an competent, the wondei is that they do not alW 
ail to escape into the inleislitial tissues moie fiec|uently It seems, 
how^evei, as though some peisons aie constitutionally liable to an 
leakage and sulTei lepeated attacks Recuiient seizin es of spontaneous 

18 Graebner, H Pneumopericardium and Pneumomediastinum m Cases of 
Acute Obstructive Laryngitis, Arch Otolarjng 29 446 (March) 1939 

19 Escudero, L, and Adams, W E Spontaneous Pneumothorax Associated 
with Alassive Atelectasis An Experimental and Clinical Study, Arch Int Med 
63 29 (Jan ) 1939 

20 Eisen, D Surgical Emphysema, Pneumothorax and Pneumoperitoneum 
A. Roentgenographic Study of a Case, Radiology 31 623, 1938 
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pneumothoi ax, such as Hamman ° recorded in his case 4, seem to me to 
be sequelae of such leakages It may be possible, too, that the piopensity 
to pulmonic air leakage is hereditary, since a number of cases have been 
reported in which moie than one member of a family has been aftected, 
and in which theie was no obvious disease to explain the leakage 

This is not the place to expatiate on the occasionally fatal ending in 
cases of mediastinal emphysema, but the literature contains a number 
of such instances The importance of the loundabout loute of air 
transit from the alveoli to the mediastinum along the vasculai sheaths 
grows m the mind of the readei of these leports Leveuf and Kohn 
reported a case of mediastinal and subcutaneous emphysema m a child 
of 2^2 yeais m whom release of the an thiough an incision at the 
base of the sternum led to a piompt and permanent lecoveiy 

SUMMARY 

1 An may bieak through from ovei distended aheoh of the lung 
into the underlying pulmonic pei ivasculai sheaths and travel along these 
sheaths in channels which it makes to the mediastinum 

2 In so doing it pi esses on the pulmonic blood vessels and intei- 
feies with the flow of blood m the part, not only of the incoming 
arteiial but also of the venous blood 

3 Because the air which has invaded the mteistitial tissue fiom a 
local part crowds into the sheaths of the laiger blood vessels at the 
loot of the lung, its obstuictive eftect becomes more geneial, creating an 
impediment to the pulmonic blood flow ovei a wide area The blockade 
of the pulmonaiy blood stream may have seiious consequences 

4 This method of tianspoit of an fiom alveoli to mediastinum along 
the vasculai sheaths has been demonstiated convincmglv m expeiimental 
animals in which air -was blown thiough a uiethial catheter into a local 
part of the lungs The evidence is fiom fiesh lungs of these animals, 
particularly from properly fixed and sectioned mateiial taken from 
them The same air-tunneled vasculai sheaths have been noted in the 
human lung 

5 Clinically this tiansport of an and resultant ciiculatoiy impedi- 
ment may occui when a region of alveolar ovei distention aiises The 
common cause is local diminution in volume of lung substance This 
reduction in volume may be i datively small, as m the common type of 
atelectasis, and may be multiple Or it may be large, as in massive 
collapse or surgical lemoval of a lobe without opeiative compensatory 

21 G0tzsche, C Spontaneous Pneumothorax Five Cases in the Same Family, 
Ugesk f IjEger 95 765, 1933 

22 Leveuf, J , and Kohn, R Emphvseme sous-cutane et mediastinal spontane 
chez I’enfant, Arch de med d enf 41 156, 1938 
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spatial 1 eduction The leakage of air into the vasculai sheaths may be 
piolonged ovei some time, with coriesponding continuation of the trans- 
poit of air and its evils 

6 The pneumalization of the pulmonic vasculai sheaths can occur 
in the human subject by the development of too high an mtiapulmomc 
piessuie dining the faulty administiation of an anesthetic by the closed 
method 

7 The actual inlets foi an to the sheath S 3 ^stem aie multiple and 
vei) small luptuies in the alveolar bases which overlie the finer ramifi- 
cations of the pulmonai}^ blood vessels These openings aie in the 
meshes between the capillaiies The alveoli so perforated aie piobably 
numeious and distiibuted ovei a compaiatnely wide area No examples 
of giossly toil! 01 luptuied alveoli weie seen in the expeiimental animals 

S Infections may similaily tiavel through the pulmonaiy mteistitial 
tissue along the aii-liolloved vasculai sheaths, and give rise to infective 
foci along the vay 

9 The onl} pulmonic mteistitial emphysema which I have seen is 
that of the pulmonic blood \essels and extensions theiefiom, such as 
those into the paititions of mteistitial tissue which sepaiate subdiMSions 
of lung substance In the light of this study, pulmonic mteistitial 
emphjsema becomes important because of (a) embai i assment to the 
pulmonar} circulation, {h) spiead of infection and (c) formation of 
subpleural blebs which extend from the sheaths along^connective tissue 
trabeculae oi paititions, and whicii may rupture and give use to pneumo- 
thorax, as some vriteis liaie asseited I have not }et obseived such 
uiptuied blebs, however 

10 This pathologic tiansport of an is dangeious also because it 
distends the mediastinum, so bunging fuither embai i assment to the 
ciiculalion thiough piessure on the heait and gieat vessels This may 
be fatal Pneumomediastinum leads also to pneumopiecoidium, with 
Hamman’s sign, to mteistitial emphysema of the opposite lung and 
hitherto unaffected legions of the same lung, to pneumoietioperitoneum 
(and eien pneumopeiitoneum) and extensions of emphysema to the 
gioin and leg, and to emphysema of the connective tissues of the neck, 
head, arm, chest and abdomen These extensions fiom the mediastinum 
have a salutary feature, inasmuch as they lelieve the distress of the 
circulation within the mediastinum Abatement of mediastinal piessure 
results also when the mediastinal wall luptuies, giving rise to pneumo- 
thorax This also has the effect of closing the leaks 

11 Though in many clinical cases of geneialized interstitial emph)’-- 
sema originating m this way from pulmonic leaks the condition clears 
up of Itself in a week or two, there seem to be cases m which operative 
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intervention may be requiied foi (a) relief of mediastinal and intra- 
pulmonic pressure, which may tin eaten life through interference with 
the circulation, and (&) stoppage of the leaks The fiist is accomplished 
by mediastinotomy and suction , the second, by artificial pneumothorax 
12 There seems to be a group of people who are constitutional!}^ 
prone to leakage of air of this type from the lung Susceptible persons 
may have repeated attacks The same applies to spontaneous pneumo- 
thorax, which seems to be causally associated 

The brief list of references in this article contains only articles which have 
been specially selected to illustrate outstanding points The literature pertaining 
to the various aspects of emph 3 'sema in the mediastinum and related parts is 
enormous and is growing rapidly Many of the citations made here contain bibli- 
ographies Treatises, such as that of Graham, Singer and Ballon (Surgical Diseases 
of the Chest, Philadelphia, Lea & Febiger, 1935), contain ample lists of references 

Mr Walter Downs aided in the preparation of the material and photographs, 
and Dr Madge Thurlow Macklin gave constant help in this study 



STUDIES ON “ESSENTIAL” HYPERTENSION 

I CLASSIFICATION 
HENRY A SCHROEDER, MD 

AND 

J MURRAY STEELE, MD 

NEW YORK 

Arterial liypei tension ^ is a common phenomenon In some instances 
It IS associated with diseases alieady plentifully descnbed and believed 
to cause it Such conditions compiise disturbances of four mam 
systems the genitourinary, the neivous, the endocrine and the vascular 
It is generally believed that when disordeis of these systems aie accom- 
panied by aiteiial hypertension the hypei tension is a dependent 
phenomenon, for when they aie lelieved it often disappears Such 
varieties of secondary arterial hypei tension {B, table 1) are present in 
only a small numbei of all cases in which diastolic pressure is elevated 
When none of these diseases is present and aiteiial pressuie is elevated, 
an independent disease called “essential” (or “idiopathic”) hypei tension 
is regarded as responsible foi the pathologic processes observed 
Although the expression is an admission of ignorance, it must be under- 
stood that the condition called “essential” hypei tension is piesent in over 
85 pei cent of all cases in which blood piessuie is elevated ^ 

“Essential” hypei tension itself has been regaided as a syndiome for 
which any one of a number of diffeient diseases may be responsible 
Fishberg® stated 

It seems highly probable, m fact almost certain, that essential hypertension is 
merely a collective concept — for a number of conditions having m common the 

From the Hospital of the Rockefeller Institute for Medical Research 

1 When the term "arterial hypertension” is used in this study it is intended 
to mean elevation of both systolic and diastolic pressures 

2 (o) Keith, M M Classification of Hypertension and Clinical Differen- 
tiation of the Malignant Type, Am Heart J 2 597 (Aug ) 1927 (6) Adson, 

A W , and Allen, E V Essential Hypertension I General Considerations. 
Proc Staff Meet, Mayo Clin 12 1 (Jan 6) 1937 

3 Fishberg, A M Hypertension and Nephritis, ed 3, Philadelphia, Lea & 
Fcbiger, 1934 
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positive characteristic of arterial hypertension and the negative one of the absence 
of primary renal disease 

An attempt at classifying cases of “essential” hypertension is one 
method of testing the value of this idea The condition has been treated 
nosologically a number of times, usually from the point of view of its 
severity, its rate of progress or the state at which the piocess has arrived ^ 
Kahler * attempted a physiologic analysis 

The classification now proposed for cases of “essential” hypertension 
is the outgrowth of the observation that the wide vaiiety of clinical dis- 
turbances associated with this condition can, foi the most part, be 
divided into the same four groups (C, table 1) — renal, neurogenic, endo- 
crine and vascular — as the diseases to which arterial hypei tension is 
commonly thought to be secondary Fuither evidence for the sound- 
ness of this grouping of cases of “essential” hypertension is the fact 
that an elevation of arterial pressure can be produced experimentally in 
animals by disturbance of one or other of at least thiee of these same 
four systems (A, table 1) — the urinary, the nervous and the vasculai 
It IS not yet certain whether it can be bi ought about by distuibance of 
the endocrine system The mechanisms of the three types of distur- 
bances are still impel fectly understood, but it is important that in many 
respects they appear analogous to those of similar disturbances m human 
beings The classification is, for these reasons, physiologic 

Neither lesions resulting from prolonged arteiial hypertension (as 
indicated in cardiac failure, lenal failure or apoplexy) nor symptoms 
and signs believed to be dependent on hypertension (palpitation or 
headache) have been used as a basis for classification, although occur- 
rence of these symptoms and signs has been used to distinguish the 
various groups in point of behavioi 

In making this classification, 218 cases of “essential” hypei tension 
studied in this hospital during the past ten yeais were reviewed At 
the time of writing, 90 of the patients aie dead, of 11 theie is no infor- 
mation, and 117 are living The progress of 114 continues to be studied 
All were referred as having typical “essential” hypertension and eithei 
exhibit or have exhibited elevation of diastolic pressure without failure 
of renal function In most cases the time of the onset of hypei tension 
is known within two years 

4 Kahler, H Die Blutdrucksteigerung, ihre Entstehung und ihr Mechan- 
asmus, Ergebn d inn Med u Kinderh 25 265, 1924 



Tablf 1— Analysts of Attcual liypeitension (Elevation of Diastolic Ptessute) 
Accoidtng to the Pout Systems Affected by the Associated 

Distin bailees 


Eennl Pnrencliyinii 


II 

Eervous Sjstem 


III 

Endocrine Sjstcm 


IV 

Arterial Vascular 
System 


A E\psrnnental Lesions Resulting m Hypertension in Animals 


Roentgen sclerosis of 
Lidnej s 

Cliemieal nephritidcs 
(oxnlnte)'’ 

Scrum neplintis 

Reduction of renal 
substance •' 

Constriction of renal 
A ein ' 

Lreteral ligation * 


Reinoral of carotid 
sinus and aortic de 
pressor nerves i- 
Intraeisternal injec 
tion of kaolin •' 
tlvpotlialamic injury ' 
Increased intracranial 
pressure i 


Injections of estrogen 
and pitressm (beta 
hypopliamine) result 
ing in renal lesions 
liko those found in 
eclampsia (blood 
pressure not 
stated)'- 


Partial constriction of 
renal artery ® 

High intake of vita 
min D and choles 
tcrol 


B Lesions Associated nith Hypertension in Man (partly after Pisliberg) 


Renal diseases rvltli 
renal failure 
Glomerulonephritis 
(especially elironie) 
Urinary obstruction 
Polycystic kidneys 
Kecrotizing nc 
phroses 

Suppurative nc 
pliritis (rare) 

Py cloncphritis 


Tumors of brain, etc , 
giving rise to m 
creased intracranial 
pressure 

Hiseascs of the brain 
stem (bulbar polio 
myelitis, etc ) 


Pituitary basophilism 
Tumors of adrenal 
glands 

Tumors of ovary 
(arrhenoblastoma) 
Ovarian hypofunc 
tion (?) 


Obstructive arterio 
sclerosis of renal 
artery " 

Periarteritis nodosa of 
renal artery 

Coarctation of 
aoita ” 

I end poisoning 


C Clinical Phenomena Associated nith So Called Essential Hypertension 

Renal Diseases without Diencepiialic syndrome Disturbances of the Arteriosclerosis 
renal failure or ante endocrine system 

dating liypcrtcnsion 


(Renal hypertension) (Nervous 

hypertension [?]) 


(Endocrine 
hypertension [?]) 


(Arteriosclerotic 
hypertension [?]) 


a Haitnian, 1 W , Boiliger, A and Doub, II P Experimental Nephritis Produced by 
Irradiation, Am J M &c ITA 4S7 (Oct ) 1920 

b Amott, V M , and Lellar R .1 1 licet of Renal Denor\ ation on the Blood Pressure 

in Experimental Renal Hypertension, J Path & Bact 42 ill (Jan) 1030 

c Arnott, V M , Lcl'ar, R T , and Matllieu, G D Hypertension Associated with Experi 
mental Scrum Neplintis, Edinburgli M J 44 205 (April) 1037 

d Chanutin, A , and Barksdale 1 L 1 xperim nt.il Renal Insuillcieney Produced by 
Partial Nephrectomy Relationship of Left Ventricuinr Hypertrophy, iVIdth of Cardiac Muscle 
liber and Hypoitcnsion in R it, Arch liit Med ~i'2 730 (Nov) 1933 Wood, J E , Jr , 
and Ethridge, C Hypertension witii Arteriolar and Glomerular Changes in Albino Rat Pol 
lowing Sub Total Nephrectomy, Proc Soe I'xpcr Biol & Sled .10 1039 (May) 1933 

e Pedersen, A H A Method for Producing Experiincntal Chronic Hvperten«ion in th" 
Rabbit, Arch Patli 3 912 (Iiluy) 1927 

f Harrison, T R , Mason, M E Resnik, II and Rainery, T Changes in Blood Pressure 
in Relation to Experimental Renal Insufficiency, Tr A Am Physicians 31 .280, 1930 


g Koch, E , and Mies, H Chroni«chcr nrtcriellen Hochdruck infolgo Dauorausschaltung 
der BlutdruckrUgler, Kranklieitsforschung 7 211 (July) 1929 

ii Dixon, W E , and Heller, II Expcrimentcile Hypertonic durch Erliohung des intra 
kraniellcn Druckes, Arch f exper Path u Pharmakol 1<>0 205 (Juno) 1932 Holler, H 
Ueber die Reizempfungliclikeit der Blutdmckzcntren und die experlmcntelle Er/cugung zentral 
bedingten Hochdrucks, Klin Wclinschr 3 3 211 (Eeb 17) 1931 

i Walter C W , and Pijoan, M J Persistent Ily'pertcnsion Due to Hypothalmic Injury 
Surgery 1 : 282 (Eeb) 1937 

J Cushing, H Concerning a Definite Regulatory Meclinnism of the Vasomotor Center 
Which Controls Blood Pressure During Cerebral Compression, Bull Johns Hopkins Hosp 13 
290 (Sept ) 1901 

k Byrom, E B Effect of Oestrogenic and Other Sex Hormones on the Response of the 
Rat to Vasopressin, Lancet 1 129 (Jan 16 ) 1938 

1 Goldblatt, H , Lynch, J Hanzal, R E , and Summerville, W W Studies on Experi 
mental Hypertension Production of Persistent Elevation of Systolic Blood Pressure by Sleans 
of Renal Ischemia, J Exper Med 39 S47 (March) 1934 

m Appelrot, S HypervltaminoEi® D and Blood Pressure in Dogs, Am J Physiol 
303 294 (Aug) 1933 Handovskv, H Chronic Hypertension in Dogs During the Oral 
Administration of Vitamin D, J Physiol 02 C3 (Aug ) 1937 
n Goldblatt, H Personal communication to the authors 

A ? ^ ^iture of Hypertension in Coarctation of tha 

Aorta, J Clin Investigation 17 514 (July) 1938 
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The cases wei e divided into five main groups, as follows 

I Renal Disease 

1 Antedating the onset of arterial hypertension 

(o) Symptoms or signs of organic renal disease of any nature 

(jb) History of pathologic urinary constituents 

2 Probably antedating the onset of arterial hypertension 

(a) Renal abnormalities not resulting from hypertension 

(b) Lesions of chronic glomerulonephritis at autopsy (in a few cases) 

3 Occurring after the onset of arterial hypertension 

(c) Abnormal renal lesions not usually thought to be associated with or 

resulting from hypertension 

II Disorders of the Nervous System 

“Hypertensive diencephalic syndrome’’ of Page (see section II) without 
other classifying criteiia 

III Endocrine Dysfunction 

Evidence of disturbance m the glands of internal secretion 

IV Vascular Disease 

1 Peripheral arteriosclerosis (in elderly persons) without criteria pointing to 

other classes 

2 Severe arteriosclerosis m persons of any age, i e , calcification on roentgen 

or postmortem examination 
V Unclassified 

Conditions which cannot be classified according to any of the appearances 
mentioned and conditions on which data are insufficient for classification 

Two hundred and eighteen cases aie a small number for classifica- 
tion, especially when they seem, to a certain extent, selected, since the 
proportion in which hypertension developed before the age of 40 was 
extraordinarily large (68 per cent) The effort to test further the 
degree to which the hypertension in these cases is genuinelj'^ “essential” is 
nevertheless important and, we believe, rewarding The various groups 
into which the cases fall will be discussed separately 

I ORGANIC RCNAL DISEASL 

In the recent literature a numbei of reports have appealed of cases 
in which arterial hypertension was associated with unilateial lenal dis- 
ease of various sorts Removal of the affected kidney lesulted in 
prolonged and dramatic decreases in arterial piessure in cases of pyelo- 
nephritis,® adenosarcoma (Wilms’ tumor),® partial constriction of a renal 

5 (a>) Butler, A M Chronic Pyelonephritis and Arterial Hypertension, 

J Clin Investigation 16 889 (Nov) 1937 (b) Baker, N W, and Walters, W 

Hypertension Associated with Unilateral Chronic Atrophic Pyelonephritis Treat- 
ment by Nephrectomy, Proc Staff Meet, Mayo Clin 13 118 (Feb 23) 1938 

6 Pmcoffs, M C , and Bradley, J E The Association of Adenosarcoma of 
Kidney (Wilms’ Tumor) with Arterial Hypertension, Tr A Am Physicians 
52 320, 1937 
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artery ' and infarction of the kidney ® Also, the relation of chronic 
pyelonephritis ® and other diseases of the kidney to arterial hyper- 
tension has been emphasized These repoits and those indicating that 
a variety of experimental renal disturbances appear to cause hyperten- 
sion in animals have made it seem necessary to examine the state of 
the kidneys in our cases Organic renal disease of any nature ante- 
dating or probably antedating the development of arterial hypertension 
was believed important from this point of view Cases in which 
various lesions of the kidneys were observed at autopsy have also been 
included There were 56 such cases (26 per cent) 

The renal symptoms and signs encountered were numerous and 
various There were cases (6) in which acute nephritis was follow ed by 
arterial hypertension and ivhat was considered to be normal renal func- 
tion , cases (8) in ivhich, post mortem, lesions typical of chronic glomeru- 
lonephritis were discovered in spite of the fact that the course of the 
illness w^as indistinguishable from that of essential hypertension , cases (8) 
in wdiich, before the onset of hypertension, histones of attacks of renal 
calculus w^ere given , cases (4) m wdiich p} elonephritis antedated the onset 
of hypertension, in 3 of wdiich pregnancy appeared as a complication, 
cases (2) in w'hich bilateral hydronephrosis was present without renal 
insufficiency, a case (previously reported^-) in wdiich severe renal 
damage follow ed excessn e use of alkalis and in wffiich, three years later, 
hypertension w^as present with noimal renal function, a case in wdiich 
hypertension developed after an episode of nitrogen letention and 
albuminuria in consequence of a severe burn from a sun lamp, cases (8) 
in wffiich there w^as a history of persistent albuminuria antedating the 
onset of hypertension, cases (5) in which theie w^as persistent pyuna, 
and cases (13) in wdiich miscellaneous renal lesions w^ere noted of a type 
not usually considered to result from arterial hypertension (table 2) 

7 Leadbetter, W F , and Burkland, C E Hypertension in Unilateral Dis- 
ease, J Urol 39 611 (May) 1938 

8 Boyd, C H , and Lewis, L G Nephrectomy for Arterial Hypertension, 
J Urol 39 627 (May) 1938 

9 (c) Longcope, W T Chronic Bilateral P> elonephritis Its Origin and 

Its Association with Hypertension, Ann Int Med 11 149 (July) 1937 (b) 

Peters, J P , Lavietes, P H , and Zimmerman, H M Pyelitis m Toxemias of 
Pregnancy, Am J Obst & Gynec 32 911 (Dec) 1936 (c) Zimmerman, H M, 
and Peters, J P Pathology of Pregnancy Toxemias, J Chn Investigation 
16 397 (May) 1937 

10 Leiter, L Unusual Hypertensive Renal Disease, JAMA 111 507 
(Aug 6) 1938 

11 A summary of the various methods employed for the production of experi- 
mental renal hypertension is given in table 1 

12 Steele, J M Renal Insufficiency Developing During Prolonged Use of 
Alkalis Report of a Case, JAMA 106 2049 (June 13) 1936 
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ARCHIVES OF INTERNAL MEDICINE 


Of the patients in this group 44 were males and 12 were females 
Thirty-four died, the average duration of their disease being six and 
nine-tenths years Twenty-four died of renal failuie or of lenal and 
cardiac failure togethei, 4 primarily of caidiac failure, 3 of cerebral 
accidents and 1 of anuria following a cystoscopic examination The 
mannei of death in 2 instances is unknown Fifteen patients lived four 
years or less after the onset of hypertension Reports of 2 cases as 
examples follow 

Case 3 (table 2) — ’J C was a 38 yeai old Italian subway worker His past 
history was irrelevant There was nothing in his family history to account for 
the presence of hypertension At the age of 27 he had an infection of the upper 
respiratory tract, which was followed by edema of the face and ankles, dyspnea 
and scanty output of urine He entered the St Francis Hospital, where a diag- 
nosis of acute nephritis was made The systolic blood pressure was 190 mm of 
mercury and the diastolic was 100 There were edema, albuminuria, hematuria 
and fevei After he had been at rest in bed a month, edema disappeared and the 
blood pressure fell to 150 systolic and 85 diastolic He was discharged, although 
albuminuria persisted He was well until the age of 35 when he had a sudden 
pain in the region of the right kidney, followed by pain on urination On cysto- 
scopic examination at the Fordham Hospital a renal calculus was net found His 
symptoms subsided The systolic pressure was 240 and the diastolic pressure 138 
There were many w'hite and red blood cells in the urine A few months later 
(July 1935) he was referred to this hospital because of the development of palpi- 
tation and dizziness 

The tonsils were chronically inflamed At the cardiac apex a systolic murmur 
was heard The peripheral arteries were moderately thickened The ocular fundi 
were normal except for arteriolar constriction The heart was not enlarged on 
roentgen examination The arterial systolic pressure, measuied almost daily for a 
month, averaged 210, and the diastolic pressuie 130 By the standard Van Slyke test 
urea clearance was 101 per cent of normal, and the kidneys after fluid had been 
withheld for twenty-four hours w'ere able to concentrate urine to a specific gravity 
of 1 027 There was no albuminuria and no abnormal increase in the microscopic 
elements 

On October 14 both splanchnic nerves were resected above the diaphragm The 
course of the disease apparently was not influenced For two years the condition 
of the patient remained unchanged except for a rise m blood pressure to 260 sj'stolic 
and 150 diastolic Hemorrhages and exudate appeared in the ocular fundi 

In May 1938 a second attack of pain referable to the right kidney occurred, 
which was followed by hematuria and passage of “gravel ” The urea clearance 
then had fallen to 49 per cent, and the maximal concentration of the uiine'^® 
showed a specific gravity of 1022 Renal function soon became lapidly reduced, 
manj'^ hemorrhages were found in the retina, and five months later retention of 

13 This case has previously been reported (Page, I H , and Heuer, G J The 
Effect of Splanchnic Nerve Resection on Patients Suffering from Hypertension, 
Am J M Sc 193 820 [June] 1937) 

14 By “urea clearance” is meant the value obtained by application of the 
standard Van Slyke test 

15 By “maximal concentration of the urine” is meant the nonprotem specific 
gravity of the urine after fluids have been withheld for twenty-four hours 
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nitrogen was discovered The patient died of uremia in November 1938 Autopsy 
showed chrome glomerulonephritis, generalized arteritis and hypei trophy of the 
heart 

Swimaiy — An attack of acute nephritis was followed some time later by per- 
sistent arterial hypei tension with noimal renal function The clinical appearance 
was typical of “essential” hypertension until six months before death At autopsy 
the lesions of chronic glomerulonephritis were observed 

Case 30 (table 2) — G , a 31 year old unemployed man, had had albuminuria 
for as long as he could remember He passed an examination for life insurance, 
however, at the age of 20 One year later the blood pressure was 180 systolic 
and 110 diastolic In 1931, at the age of 24, the systolic pressure was 150 and 
the diastolic pressure 100 The patient complained of few symptoms referable 
to hypertension until the age of 28, when fatigue and palpitation appeared The 
blood pressure was tlien said to be very high At 29 the systolic pressure was 
found (at the Brooklyn Hospital) to be 220 and the diastolic pressure 110 Various 
tests of renal function were said to have given normal results He was first seen 
in this clinic in May 1936 

The physical examination gave essentially negative results The vessels of 
the fundi were somewhat tortuous The heart was shown slightly enlarged in the 
roentgenograms The results of numerous urea clearance tests varied markedly, 
indicating a range of from 75 to 176 per cent of normal The maximal specific 
gravity of the urine was 1 023 The excretion of protein m the urine was usually 
very slight but on one occasion amounted to as much as 1 97 Gm in twenty-four 
hours The systolic pressure, recorded almost daily for a month, ranged between 
228 and 190 and the diastolic pressure between 130 and 100, the lower figures 
having been observed after prolonged rest in bed The blood pressure rose to a 
higher level during the next two and one-half years, usually varying between 140 
and 150 diastolic A significant change in renal function did not occur, although 
the size of tlie cardiac shadow increased slightly 

On intravenous injection of 20 cc of diodrast, pyelograms disclosed the presence 
of bilateral hydronephrosis of moderate degree with constriction at the ureteropelvic 
junction Proteinuria Avas greater when the patient was out of bed Cystoscopic 
examination in November 1938 confirmed the diagnosis of bilateral h 3 '^dronephrosis, 
most marked on the right, Avith angulation of the ureter The patient died of 
anuria after examination 

Summmy — Albuminuria persisted for many years The onset of hypertension 
Avas placed at the age of 21 There existed, at the same time, bilateral hydro- 
nephrosis, probably due to a congenital renal abnormality Except for this 
important lesion, the clinical appearance AA'as that of "essential” hypertension 

II DISORDERS or THE NERVOUS SYSTEM 

In 1935, Page described a symptom complex occuinng m young 
women suffering fiom essential hypei tension which he called the “hyper- 
tensive diencephalic syndrome” Chaiacteiistic of this disease aie 
attacks of (1) cuiious, iriegular, blotchy blushing, first of the face, 
then spieading to the neck, the tiunk and sometimes the abdomen, (2) 
spontaneous crying oi wateiing of the eyes, (3) excessive peispiration, 

16 Page, I H A Syndrome Simulating Diencephalic Stimulation Occurring 
in Patients Avith Essential Hypertension, Am J M Sc 190 9 (July) 1935 
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often at the site of the blush , (4) palpitation of the heart and increase 
in the cardiac rate, (5) rise m blood pressure, and (6) coldness of the 
extremities Attacks are usually brought on by emotional stimuli but 
may arise spontaneously Page pointed out the clinical similarity of 
this syndrome to “diencephalic autonomic epilepsy,” described by Pen- 
field Crisler and Allen have recently leported 4 similar cases, in 
1 of which the blood pi essui e was approximately normal 

We have included in this group patients without evidence of lenal 
lesions of endocrine disturbance who have the following signs and S3anp- 
toms (1) vasomotor instability, as evidenced by a tendency to blush, 
flushing, rapid changes in the level of the blood pressure, dermographia, 
coldness of the extremities and attacks of palpitation, (2) emotional 
instability, as evidenced by spells of spontaneous crying, excessive 
nervousness and labile temperament, (3) automatic instability, as evi- 
denced by excessive perspiration, salivation and lacnmation, and (4) 
arterial hypertension These symptoms, or some of them, are found 
usually m young women but occasionally in males and in older women 
In addition, a history of sexual difficulties is often obtained, either of 
frigidity or of excessive desire 

Twenty-seven patients exhibited all these signs and symptoms 
Nineteen others were subject to most of them and should prol^ably be 
included m the same class In this group of 46 only 5 aie dead at the 
time of writing, 2 having died after operation The average duration 
of the disease in those still living is nine years, IS having lived more 
than ten years Evidence suggestive of failure of the heart or kidneys 
has occurred in only 2 Significant changes in the e^'^egiounds aie rare 
(table 3) 

For the curient purpose the use of this designation seems suitable 
the symptoms being sufficiently distinctive Eventually it may become 
desirable to distribute some of these cases among the other groups 

Case 15 (table 3) — E C , a 44 year old woman, a chef, had been known to 
have hypertension for twenty years Her mother, two maternal uncles and a 
cousin died of this complaint, and two sisters were said to exhibit it As a child, 
she had scarlet fever and diphtheria She had always been moody, overexcitable, 
impulsive and of a worrying nature She had been married and divorced twice 
At the age of 25 a salpmgo-oophorectomy was performed on the left side because 
of disease m the organs of the pelvis (This condition had not influenced the 
menses ) Shortly afterward she began to complain of nervousness and irritability 
She began to notice spells of spontaneous crying, palpitation, blushing, cold hands 
and feet and excessive perspiration The blood pressure was 160 systolic She 

17 Penfield, W Diencephalic Autonomic Epilepsy, Arch Neurol & Psychiat 
22 358 (Aug ) 1929 

18 Cnsler, G R , and Allen, E V The Flushing Syndrome Simulating 
“Diencephalic Stimulation” and Its Relation to Essential Hypertension, Proc 
Staff Meet , Mayo Clin 12 219 (April 7) 1937 

19 Five of these cases are dealt with in Page’s original report 
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subsequently worked in \anous hospitals as a cook, and fairly good records were 
available of hci blood piessuie At the age of 29 it was 160 systolic and 100 
diastolic, at 30 it varied from 215 to 160 systolic and 105 to 90 diastolic, and from 
then to the age of 35 it fluctuated between 230 and 180 systolic and 150 and 100 
diastolic klarked lability when the pressure was at a higher level was still present 
three years later, and a four year record showed fluctuations between 270 and 180 
systolic and 150 and 115 diastolic Since the age of 34 she had noticed an increase 
in blushing, perspiration, coldness of the extremities and spells of spontaneous 
crjnng At 41 she suffeied an attack of “hypertensive encephalopathy” and one 
j’-ear later a similar attack Headaches became more prominent and at times were 
incapacitating, although for the most part she was able to continue her work At 
43, examination disclosed extreme lability of the blood pressure, the values 
var 3 ung between 260 and 185 systolic and 135 and 100 diastolic, moderate sclerosis 
of the vessels of the retina, slight enlargement of the heart in roentgenograms, 
and a curious blotchy blush appearing on the neck and face as a result of emotional 
disturbance or during examination The hands and feet were cold, mottled and 
often cyanotic, and perspiration was excessive The maximal specific gravity of 
the urine was 1 024, and the urea clearance on two occasions was 93 and 78 per 
cent of normal respectively The basal metabolism on several tests was within 
normal limits The urine was normal 

She had one further attack characterized by cerebral symptoms, for which she 
entered the hospital The blood pressure remained labile 

Summary — At the time of writing, this patient has been suffering from arterial 
hypertension and the “hypertensive diencephalic syndrome” for twenty years 
Cerebral S 3 'mptoms are beginning to appear There is little evidence of damage 
to the heart or the kidneys The extreme lability of the blood pressure is 
noteworthy 

III ENDOCRINE DYSFUNCTION 

That endocrine disturbance plays a role in hypertension has seemed 
possible to investigators for many years Malfunction of the pituitaiy 
gland, m particular, has been seriously considered as an impoitant fac- 
tor Basophilic infiltration of the posterior lobe has been described a 
number of times,-® but its importance remains undetermined A num- 
ber of syndromes of endocrine dysfunction with hypei tension have been 
reported Reisman in 1919 described “non-goitrous thyiotoxic hyper- 
tension,” and Mannaberg^^ also noticed such a condition Boas and 
Shapiro^® lepoited 27 cases of this condition, pointing out ceitain 
notable clinical chaiacteiistics that the basal metabolic rate was often 

20 Leary, O C , and Zimmerman, H M Basophil Infiltration in the Neuro- 
hypophysis, Am J Path 13 213 (March) 1937 

21 Reisman, D Hypertension in Women, J A M A 73 330 (Aug 2) 
1919 

22 Mannaberg, J Arterieller Hochdruck und gesteigerter Grundumsatz, 
Wien klin Wchnschr 37 84 (Jan 24) 1924 

23 Boas, E P , and Shapiro, S (a) Diastolic H 3 ’-pertension with Increased 
Basal Metabolic Rate, J A M A 84 1558 (May 23) 1925, (b) Further Observa- 
tions on Patients with Hypertension and Increased Basal Metabolic Rate, Am 
Heart J 1 643 (July) 1926 
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markedly elcA^ated without many of the signs of exophthalmic goitei and 
that thyi oidectomy oi administration of iodine had no effect on it 
“Menopausal hypei tension” has sometimes been considered a separate 
syndrome Fishbeig^ has observed hypertension following exoph- 
thalmic goiter and has also observed that it is associated with myxedema 
It has often been noticed in cases of marked obesity Herrick reported 
the occurrence of the triad hypertension, obesity and diabetes 

The subjects of our own study weie therefore examined for evi- 
dence of endocrine disturbance This was found in 41 women and 2 
men In 13 patients it corresponded to the type described by Boas and 
Shapiro, the basal metabolic rates being elevated without ob\ious 
exophthalmic or nodular goiter Seven patients gave histones of thyro- 
toxicosis antedating or appearing near the time of onset of hypertension 
In 9 patients hypertension began at the menopause, 8 of these weie 
obese The onset in 4 was associated with lapid development of hyper- 
trichosis Three had many of the signs of Cushing’s syndrome Foui 
were markedly obese In others hypertension was associated with a 
variety of endocrine disturbances (table 4) 

The diencephalic syndrome was prominent in 7 of the 13 patients 
with “non-goitrous thyrotoxic hypei tension” and in 4 other patients 
with definite endocrine disturbance Of the 43 patients in this group, 
18 are dead at the time of this report The cause of death was in 3, 
cardiac, in 5, cardiac and renal, in 2, lenal, in 2, ceiebial, and in 6 
either unrelated to hypertension oi unknown Of the living patients 
still being studied (24) 8 have shown severe cerebral manifestations or 
signs or symptoms of failure of the heart or of the kidne3'^s Almost all 
(96 per cent) have symptoms, which are often severe, headache being 
especially prominent 

Case S (table 4) — D B , a 22 year old stenographer, had scarlet fever at the 
age of 7 years and diphtheria a year later Her father died at the age of 54 
of heart disease, when she was 20 She was perfectly well until his death, which 
was a great shock to her and from which she dated her symptoms She began 
to tire easily and became excessively nervous She lost no weight 

The basal metabolic rate was -j- 34 and -J- 37 per cent The pulse rate was 
elevated The rate of phenolsulfonphthalein excretion was 60 per cent in two 
hours The systolic pressure was 190 and the diastolic pressure 150 Iodine 
medication was prescribed, but the basal metabolic rate remained high (-p 48 per 
cent) and the pulse rate rapid (125) Severe occipital headaches began, which 
were often incapacitating One year later she noticed dyspnea on exertion, occa- 
sional attacks orthopnea and swelling of the ankles The systolic pressure rose 
to 210 and the diastolic pressure to 150 Dyspnea became rapidly worse She 
was admitted to this hospital, Dec 16, 1933 

24 Huchard, H Traite clmique des maladies du coeur et de I’aorte, ed 3, 
Pans, O Doin, 1899, vol 1, p 74 

25 Herrick, W W Hypertension and Hyperglycemia, J A M A 81 1942 
(Dec 8) 1923 
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The patient was slightly oithopneic The ocular fundi showed slight papille- 
dema The arteries weie constricted almost to obliteration, with marked peri- 
vasculitis, theic were a few small hemoirhages and large patches of white exudate 
The thyroid gland was not enlarged, and there was no tremor of the hands Von 
Graefe’s sign was not present There was congestion at the bases of both lungs 
The heait was enlarged and markedly overactive, and there w^as gallop rhythm 
The sjstolic pressure was 220 and the diastolic 180 There w^as no edema The 
urea clearance w’as 43 per cent of normal The maximal specific gravity of the 
urine w^as 1 015 There were moderate albuminuria and microscopic hematuria 
The systolic pressure during tAvo weeks varied from 228 to 250 and the diastolic 
from 188 to 150 The pulse rate remained betw'een 100 and 140 A sudden cerebral 
accident terminated the illness At autops}-' there were cerebral hemorrhage, early 
arteriolar sclerotic nephritis, arteriolar sclerosis, hypertrophy of the heart and diffuse 
basophilism of the pituitary gland 

Snmmaiy — This patient had a “malignant” form of arteiial hypertension, death 
from a cerebral accident taking place two years after the onset Although the 
basal metabolic rate w'as elevated, the usual signs of hyperthyroidism were lacking 
The diastolic pressure was exceptionally high The pituitary gland on micro- 
scopic examination showed an abnormality 

Case 21 (table 4) — M F, a 60 3 ’^ear old housewufe, had scarlet fever and 
diphtheria at an early age Her mother died of apoplexy at 80 There was no 
definite family history of hypertension Of her 4 children, 2 were premature She 
was m excellent health until the age of 44, when symptoms of menopause appeared 
Coincidentally she noticed severe occipital headaches, and high blood pressure was 
discovered As the menopause became established the headaches became worse, but 
they were never incapacitating 

At 49 she was moderately obese The heart was normal on roentgen examination , 
the peripheral vessels were normal , the systolic pressure was 245 and the diastolic 
150 The urine was normal The v^essels of the ocular fundi were slightly tor- 
tuous The urea index of Van Slyke was normal The patient excreted 74 per 
cent of phenolsulfonphthalein in two hours The maximal specific gravity of the 
urine was 1 030 The systolic pressure varied during six weeks’ observation from 
270 to 200 and the diastolic pressure from 170 to 130 During the next seven 
years the headaches continued with lessened severity Other changes were noticed 
There was a gradual decline in the Hood pressure (which at the time of writing 
IS usually between 220 and 180 systolic and 120 and 110 diastolic), a fall m the 
clearance of urea from 93 per cent of normal at the age of 53 to 65 per cent at 
the age of 56, with a decrease in the maximal specific gravity of the urine to 
1 025, seme increase in the tortuosity of the vessels of the ocular fundi and a 
slight increase in the size of the heart During the past three years she has been 
free from symptoms 

Summmy — Arterial hypertension, beginning with the menopause, is now of 
sixteen years’ duration There has been a progressive decrease both in the blood 
pressure and in the symptoms 


IV VASCULAR DISEASE 

Generalized arteiioscleiosis and “essential” hypei tension aie often 
found m association The frequency with which these two conditions 
occur together suggests that there is some intimate i elation between 
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them, but the natuie of this relation is not clear Although Lange 
concluded that arteriosclerosis may result from hypertension, he admitted 
that the arterial changes typical of hypertension are confined to hyper- 
troph)’’ of the media It is known, however, that arteriosclerosis does 
not always accompany the long-standing hypertension associated with 
coarctation of the aoita, and it seems uncertain that hypertension alone 
produces true arteriosclerosis 

Severe generalized arteriosclerosis often occurs without elevation of 
the diastolic pressure — that is, without arterial hypertension — although 
the systolic pressure may be elevated, probably owing to a loss of arterial 
elasticity The only situation m which hypertension has been believed to 
result from arteriosclerosis is one m which the renal arteries or their 
mouths are narrowed by sclerotic changes 

The commonest form of “essential” hypertension, that observed m 
older persons, is so often associated with generalized arteriosclerosis that 
It seems desirable to form a separate gioup of cases on this basis alone 
The usual benign course, ending in heart failure or, more commonly, in 
a cerebral accident, the absence of symptoms (such as palpitation or 
headache) and the lack of retinal exudation supply reasons on clinical 
grounds for regarding such cases as a separate group In 36 patients 
(28 men and 8 women) generalized arteriosclerosis was found without 
other phenomena significant enough to permit placing their cases m 
one of the other groups 

Twent}^ of these patients died — 9 of a cerebial accident, 2 of cardiac 
failure, 3 of renal failure and 3 of other diseases The mannei m which 
the lemaining 3 died is unknown In 2 of those who died m uremia 
the renal arteries at autopsy were markedly narrowed b} sclerotic 
changes 

The onset of hypertension in 6 (of 36 patients) occurred after the 
age of 60, in 11 between 50 and 60, in 10 between 40 and 50 and in 
7 between 35 and 40 At the time of this repoit severe symptoms aie 
present in 5 (of 15) living patients Three have been stricken with 
cerebral accidents Severe headaches and palpitation are unusual 

One case of hypertension associated with Buerger’s disease and 1 of 
hypertension associated with lead poisoning are included in this gioup 

Case 5 (table 5) — J K was a retired barber 72 3 'ears old His mother had 
died at 78 of “hardening of the arteries ” Two brothers died of tuberculosis The 
patient suffered an attack of diphtheria at the age of 10 years At 30 he con- 
tracted a chancre, which was treated with mercury bichloride given bj" mouth 
The Wassermann reaction was negative on many occasions At 38 the patient was 
found to have pulmonarv tuberculosis and was treated for two jears in a sana- 
torium Roentgen examinations disclosed some pulmonary fibrosis but no evidence 

26 Lange, F, in Cowdry, E V Arteriosclerosis, New York, The Macmillan 
Company, 1933, chap 18 

27 Goldblatt, H Personal communication to the authors 
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of active tuberculosis He was well until the age of 52, when hypertension was 
discovered The systolic blood pressure was said to be 170 to 180, and albumin 
and casts were found in the urine The blood pressure remained fairly constant 
until the age of 58, when it began to increase At the age of 65 the systolic pres- 
sure taken on admission to this hospital had reached 230 and the diastolic pres- 
sure 130 The only symptoms were slight headache, coming on with excitement, 
and a moderate amount of dyspnea on exertion, which had been slowly progressing 
since the age of 61 The patient had three rather profuse epistaxes at 62 

The important physical findings in 1932, at the age of 65 years, w'ere moderate 
obesity, marked generalized arteriosclerosis with tortuosity and beading of the larger 
arteries, moderate pulmonary emphysema and slight enlargement of the prostate 
Roentgen examination showed the heart enlarged and the ascending aorta moderate!} 
dilated Calcification in the vessels of the extremities was seen in the roentgeno- 
grams In the SIX years preceding this report the urea clearance has progressively 
decreased from 73 to 43 per cent of normal and the maximal concentration of 
the urine to a specific gravity of 1 021 The retinal arteries are moderately 
tortuous and thickened , there is constriction of the veins at arteno% enous crossings 
The systolic pressure has varied from 230 to 200 and the diastolic pressure from 
160 to 120 In November 1937 the patient suffered hemiplegia on the right side, 
from which he slowly recovered At present he complains of dyspnea on climbing 
three flights of stair?, occasional dizz} spells, nocturia and an occasional nosebleed 

Stimviajy — In this patient arterial h 3 'pertension has persisted for tw'cnty years, 
associated with marked general arteriosclerosis with evidence of only minimal 
damage to the heart, vessels and kidne 3 's He complains of few symptoms The 
progress of the ailment has been slow 

Case 26 (table 5) — W G , 68 years old, an artist, was known to have had 
hypertension at the age of 40 His parents died of unknown causes As a 3 "oung 
adult, he contracted gonorrhea, malaria and acute appendicitis At the age of 
54 he had an attack of pneumonia, and two 3 "ears later he had jaundice w'lth biliary 
colic, which was relieved without operation At the age of 40 the systolic pressure 
was said to be 180 There w'as some cardiac irregulant} , which soon disappeared 
Hypertension continued, but he had no S 3 UTiptoms from it until the age of 56, 
when he noticed that he was obliged to limit his activities Not until the age of 
62 did he complain of mild occipital headaches, slight dizziness and a sensation of 
transient numbness in the left arm 

At this time (in 1932) he was moderately obese The systolic pressure varied 
during three weeks’ rest in bed between 230 and 180 and the diastolic between 
116 and 100 In the ocular fundi there rvas moderate beginning arteriosclerosis 
The heart was moderately enlarged on roentgen examination There was some 
tortuosity of the aorta A soft systolic murmur was heard at the base of the 
heart The peripheral arteries were moderately thickened and slightly tortuous 
The urea clearance was 75 per cent of normal One year later the patient began 
to complain of nervousness and of some increase in the number of headaches He 
was able to continue his work, however, and to live an approximately normal 
life Hypertension persisted At 68 the systolic blood pressure had risen to 230 
and the diastolic pressure to 130 This was accompanied by' an increase in the 
size of the heart The urea clearance was 85 per cent of normal, and there was 
slight proteinuria The patient was w'ell except for headaches until the day he 
died, suddenly, of apoplexy at the age of 68 

Swmnaiy — This was a case of long-standing arterial hypertension associated 
with arteriosclerosis There were few sy'mptoms A cerebral accident was the 
terminal event 
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V UNCLASSIFIED 

Theie were 37 cases ^^hlch could not be leaddy classified according 
to the scheme adopted in this study In 10 the facts known were insuf- 
ficient foi a pi Opel diagnosis Of the remaining 27, although consider- 
able information was available, data which we have come to regard 
as essential foi pui poses of this classification weie lacking in all but 6 
The onset of hypei tension occuired m 4 (of these 27 cases) during 
piegnancy In 6 hypei tension was veiy mild Thiee belonged possibly 
111 gioup 11 and 3 in gioup III In 5 rapid piogiess of the “malignant” 
type maiked the course In 1 case maiked emotional instability was 
exhibited In the remainder (5) theie were no chaiactenstic phenomena 
by which classification could be attempted 

Case 4 (table 6) — M R, a 36 j ear old housewife, had always enjoyed excel- 
lent health until the birth of her fourth babi There was no history of hyper- 
tension in the famih At the age of 21 she was said to suffer from malaria She 
had always been nervous and high strung and usually underweight The first 
three pregnancies, at the ages of 22, 25 and 27, were normal , no rise in the 
blood pressure was noticed At the age of 29, during the fourth pregnancy, the 
blood pressure became elevated during the seventh month, reaching a level of 228 
systolic and 138 diastolic The patient complained of no sj-^mptoms at this time, 
and delivery was normal The urine w'as normal until delivery, but during the 
first two weeks post partum there were marked albuminuria and pyuria, both 
of \vhich disappeared before her discharge from the hospital Hypertension per- 
sisted, however, exhibiting the following course At the age of 31 the systolic 
pressure w'as 260 and the diastolic 140, and at 33 the systolic pressure was 290 
and the diastolic 160 At the age of 34 she had hemiplegia and became totally 
blind The systolic pressure was 230 and the diastolic pressure 130 Although 
the paralysis gradually disappeared, she never recovered her sight Severe head- 
aches, from which she had suffered a few months before this, disappeared only to 
recur two years later She was admitted to this hospital with headache as her 
only complaint 

Important physical findings were a systolic pressure of 300 and a diastolic 
pressure of 165, almost total blindness, some increase in the deep reflexes on the 
right side, with a possible Babinski reaction, slight thickening of the peripheral 
vessels, moderate enlargement of the liver and duplication of the first sound of 
the heart In the ocular fundi there were papilledema, well marked perivasculitis, 
evidence of old and fresh hemorrhages and marked atrophy of the optic nerves 
Ihe urea clearance was 55 per cent of normal The maximal specific gravity 
of the urine was 1 017 The systolic pressure varied between 300 and 180 and 
the diastolic between 165 and 110, falling slowly after therapy with sodium 
thiocyanate but rising to 242 systolic and 138 diastolic when this treatment was 
discontinued Shortly after tins, coma set in, from which she did not recover 
She died at the age of 38 At autopsy there were observed cerebral hemorrhage, 
generalized arteriolosclerosis and arteriolosclerotic nephritis The kidneys showed 
many local scars, thickly infiltrated with lymphocytes 

Summaty — Hypertension began during the seventh month of the fourth 
pregnancy, cerebral symptoms predominating It is uncertain whether infection 
of the kidneys or some endocrine disturbance was present at the onset, although 
the former seems more likely Classification could not be attempted without more 
knowledge of what was abnormal during pregnancy 
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COMMENT 

Although “essential” hypei tension has been legarded as a primaiy 
disease foi a numbei of yeais, the question is laised again whether it is 
not meiely a syndiome common to a number of maladies If so, some 
oi all of the contiibuting mechanisms would be bettei understood if 
Mewed in association wnth coexistent distuibances The adoption of 
this attitude has been useful m undei standing and in classifying cases 
in wdiich hypei tension has been considered “essential” and m which the 
underlying abnoimal processes have been unsuspected The fact that 
these abnormal piocesses appeal to be chiefly related to the four systems 
set foith 111 the classification simplifies the pioblem of discussion Com- 
ments aie made under the foui mam headings 

I When renal failuie is piesent, it is of course knowm that aiterial 
h}pei tension may accompany many diseases of the kidneys When m 
the absence of renal insufficiency aiteiial hypertension is associated with 
organic renal disease, it is naturally not known what pait the lenal 
lesion has played m bunging it about Renal disease can be regarded 
as causally related to hypertension only m cases m which the diastolic 
pressure has fallen aftei lemoval of a diseased kidney 

Certain lenal abnoimalities seem, therefore, to occasion hypei tension, 
although they occur also m its absence Those now leported in cases in 
w inch hypertension has been considered “essential” cannot be shown con- 
clusively to have caused it Howevei, the frequency with which lenal 
abnormalities are found m such cases and the fact that their presence 
often antedates the elevation of blood piessuie suggest that they bear 
some intimate relation to that elevation In all events, the patients in 
this group aie indistinguishable from those who have been legaided 
as suffeimg from “essential” hypertension except that 61 pei cent of 
them have sustained some damage to then kidneys befoie the develop- 
ment of hypertension and the remainder exhibit signs of renal disease 
without failure, the nature of which is not usually believed to be asso- 
ciated wath elevated arterial pressure The condition is now designated 
“lenal hypertension wathout failure ” 

The observations that a rapid couise is not unusual (35 pei cent), 
that hemorrhagic and exudative lesions of the retina aie common (65 
per cent) and that death fiom renal failure is often the outcome (76 
per cent) suggest that cases of this type form a distinct gioup 

II A different gioup is that in which aiteiial hypertension is 
exhibited along with the “hypei tensive diencephalic syndiome ” Although 
the evidence, experimental and clinical,^® that the diencephalon is 

28 Bard, P The Central Representation of the Sympathetic System as Indi- 
cated by Certain Physiologic Observations, Arch Neurol & Psychiat 22 230 
(Aug) 1929 
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involved is indirect/® there is a pi eponderance of symptoms suggesting 
derangement of certain functions of the nervous system There is fur- 
ther evidence indicating that these cases form a separate group The 
arterial hypertension is benign It occurs m younger persons and occa- 
sions few of the signs commonly associated with hypertension at this 
age Changes in the retaina, cardiac enlargement and failure of renal 
function aie unusual The marked lability of the blood pressure is note- 
worthy, even if hypertension has been piesent for many years The 
progress of the disease appears to be extremely slow even when the 
blood pressure is markedly elevated Patients on whom section of the 
anterior spinal nerve loots has been performed have improved,"® though 
the meaning of this improvement is not clear On clinical giounds, 
theiefore, this group appears to constitute a special variety of cases of 
“essential” hypertension Because of the predominance of symptoms 
depending on disturbances of the nervous system, the hypertension is 
designated “neivous hypertension ” 

III Although distuibances of the endocrine glands have sometimes 
been believed to be associated with “essential” hypertension, it is still 
not clear whether dysfunction of these oigans can be responsible foi 
elevation of arterial pressure except in cases of pronounced endocrine 
dyscrasia (e g, cases of Cushing’s syndrome) However, endocrine 
dysfunction of less pronounced form is undoubtedly associated with 
“essential” hypertension in some cases, being present in 19 per cent of 
ours and in many instances (51 per cent) appearing at the onset of 
the disease W e have called such a condition “endocrine hypertension ” 

The cases in this category exhibit clinical differences, although the 
complaint of severe headache is fiequent In cases of “nongoitrous 
thyrotoxic hypertension” the illness progi esses rapidly, symptoms are 
severe, and hemorrhagic and exudative lesions are seen in the retina 
In cases in which hypertension begins at the menopause it runs a benign 
course The same is true in cases in which hypertension follows 
recover}’- from hyperthyi oidism While m 10 of 43 patients the course 
was consistent with the diagnosis of malignant hypertension, 13 have 
lived more than ten years 

IV Arterial hypertension is now believed to follow lesions of the 
blood vessels only when these lesions involve the aiteries supplying the 
kidney In animals, elevation of the diastolic pressure can be produced 
by partial constiiction of these arteries In human beings a similai 
mechanism is believed to be operative when they are nan owed by arterio- 

29 (a) Page, I H Medical Aspects of Surgical Treatment of Hyperten- 
sion, JAMA 110 1161 (April 9) 1938 (&) Page, I H, and Heuer, G J 

Treatment of Essential and Malignant Hypertension by Section of Anterior Ner\e 
Roots, Arch Int Med 59 245 (Feb ) 1937 
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scleiosis (Golclblatt. , Lcilci Hjpcitension occtiriing with pen- 
artentis nodosa of the lenal aiteiies and that occuriing with coarctation 
of the aoita may depend on a similai defect Whethei nai rowing of the 
luijaicnal aiteiics In degoncialne changes plays a pait m the genesis of 
h) pel tension is still iinceitain, although such changes aie fiequentl}- 
seen in cldeih poisons 

Older patients with geneial aiteiioscleiosis and high diastolic pies- 
sure exhibit enough clinical unifoimit}'’ foi then cases to be regaided 
as belonging to a ‘^cpaiate gioup The justification foi this suggestion 
consists of a lack of ceitain signs (such as exudative lesions in the 
retina') and SMuptoins (such as headache oi palpitation) common m 
othei cases and of the absence of lenal lesions, of disturbances of the 
ner\ous s}stem and of cndociinc djsfunction In addition, the course 
is usuall} benign (S7 pci cent) , aitcnoscleiosis of the vessels of the 
retina (but not leiinitis) is common (97 pei cent) , the terminal event 
is often apoplexy (64 per cent) We designate the hj-peitension shown 
111 this gioup “artcnosclciotic In pci tension ” 

Ko distinction has been made between so-called benign and malignant 
Inpertcnsion It has been found impossible to place cases in wdiich 
the course is rapidl} downhill in a sepaiate gioup, since most of them 
exhibit the same phenomena used in classifying cases m which the course 
IS “benign ’’ Fuithcr studies aie nccessaiy to leain whethei these cases 
form a sepaiate gioup 

This study suggests that ''essential” hypei tension is not a primary 
disease The fact that this diagnosis is made by exclusion should indicate 
multiple causes *Thc diftcicnccs found among gioups of cases is 
eridence that many causes arc possible In too many instances the asso- 
ciated distuibanccs may be significant The unity of “essential” hyper- 
tension IS, therefoie, seiiously called into question In the light of 
this recital the need foi a new^ classification is obvious The present 
classification cannot be legarded as more than tentative It has already 
been of advantage in facilitating diagnosis, m making piognosis more 
accurate and m setting the indications foi theiapy on a more teasonable 
basis It IS desnablc that othei means of difiEerentiation be utilized to 
establish wdiat is “essential” in this condition 

SUMMARY 

Tw^o hundred and eighteen cases of so-called “essential” hypei tension 
have been studied and classified from the standpoint of the varied 
phenomena which have been obseived Five mam groups have been 
tentatively distinguished on the basis of the cnteiia used (1) renal, 
(2) neivous, (3) endociine, (4) vascular, and (5) unclassified These 
groups exhibit disoiders in the same systems as do those in which 
secondaiy arteiial hypertension is found 
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L MEYLER, M D 

GRONINGEN, NETHERLANDS 

The physician confronted with a gravely ill patient, pallid and 
cyanotic, with a rapid, hardly palpable pulse and frequent, shallow 
breathing, thinks of heart failure and injects digitalis This procedure, 
however, is the right one in only part of the cases, for frequently 
the condition described has nothing to do with poor heart action I 
must admit that I have made this mistake myself on several occasions 
I have needed much time to realize how little is generally achieved by 
stimulation 

One must always considei whether the heart has caused this serious 
condition or whether the picture should be ascribed to peripheral circula- 
tory failure In the latter case one speaks of the shock syndrome A 
precise knowledge of the symptoms will always enable the physician 
to differentiate the two conditions 

In medical literature and especially in common pai lance there is 
much confusion about shock Though I have chosen to term the clinical 
syndrome underlying peripheral circulatory failuie shock, because this 
term is m general use with investigators in this field, others prefer to 
speak of collapse Still others use both terms indiscrii'yinately Tendeloo 
differentiated between collapse, on the one hand, and psychic or trau- 
matic shock on the other Since, however, it can be demonstrated that 
both conditions have the same pathogenesis, it is erioneous to use these 
names as if they designated different conditions 

For a long time shock was known to the surgeon only as an effect 
of injury or operation Romberg and Paezler were the first to intro- 
duce the concept of shock into the literature of internal medicine The}' 
emphasized that the deterioration of the pulse in acute infectious dis- 
eases IS generally a result not of heart failure but of peripheral circula- 
tory weakness caused by vasomotor paralysis During and after the 
great war much work was done on the pathogenesis of traumatic 
shock, and only then was it realized how frequently this syndrome 
occurs in all kinds of internal diseases By shock I mean the clinical 
syndrome resulting from a discrepancy between the blood volume and 
the capacity of the vascular system ^ All considerations on the subject 
must be regarded from this point of view 

1 Moon, V H Ann Int Med 8 1633, 1935 Freeman, N E , Shaw, J L , 
and Snyder, J C J Clin Investigation 15 651, 1936 
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Under these ciicumstances the laige veins are poorly filled, the 
heait leceives too little blood, and the cardiac output becomes less 
Accelerated heait action ensues in an attempt at compensation, but if 
the minute volume neveitheless deci eases, a marked fall of the blood 
piessuie IS inevitable 

The considerable fall in blood piessuie, the poorly filled large veins 
and the small heait figuie aie the principal landmarks that distinguish 
peripheral circulatoiy failure fiom heait failure In the latter condi- 
tion an important deciease of the blood pressuie is rarely met with, 
and the dilated heait and engorged veins clearly point to a different 
condition 

SYMPTOMS OF THE SHOCK SYNDROME ' 

The skin is pale The lips, eais and nails are cyanotic The body 
is cold and clammy, especially the nose, fingers and toes Sometimes 
the skin is dry and its elasticity low, sometimes it is covered with diops 
of sweat, depending on the cause of the shock Cutis maimorata is a 
sign of pool ciiculation and results from iiiegulai filling of the sub- 
papillaiy venous plexus The lectal tempeiatuie is often loweied, but 
theie may be pyrexia m spite of the coldness of the skin 

The patients prefer lying flat in bed, in contrast to patients with 
cardiac disease, most of whom suffei from oithopnea The cheeks are 
sunken, the e)es he deep The desciiption corresponds to facies hippo- 
cratica, in fact, in peiitonitis the shock syndrome is often outstanding 

Consciousness is variously influenced Some of the patients are 
apathetic, do not leply to questions and hardly react to stimuli There- 
fore, these patients do not complain of the violent pain that may have 
caused the shock (coronary occlusion, injury) Otheis, however, are 
conscious to the very end, replying to questions in a hardly audible 
voice but correctly Still others aie lestless and exalted and want to 
leave then beds 

I recently saw a patient m profound shock due to gastric hemoiihage 
He was unreasonable, he screamed and could be kept under control 
only with much difficulty duiing the blood transfusion, which was cai- 
iied out with all speed During the tiansfusion the pulse impioved, the 
skin became waim, and the restlessness disappeared Bleeding patients 
who become lestless in this way lequiie the utmost care They may be 
m shock, and when given morphine they may die unnoticed The 
patients complain of thirst When given a drink, they vomit, the 
vomitus being often mixed with blood During the shock of diabetic 
coma I have lepeatedly seen the typical brown vomitus of hemorrhage 
by diapedesis 


2 Fishberg, A M Heart Failure, Philadelphia, Lea & Febiger, 1937 


954 


ARCHIVES OF INTERNAL MEDICINE 


Respiration is usually shallow and rapid with occasional deep sigh- 
ing On a few occasions I have observed Cheyne-Stokes and Kussmaul 
respiration , 

The pulse is rapid and soft Often its rate increases, sometimes 
to 160 or 180 Not infrequently the pulse is impalpable 

The blood piessure is generally much decreased This applies to 
both the maximal and the minimal pressure Sometimes the blood pres- 
suie can be measured onty b)'’ palpation The maximal value (systolic) 
is often below 70 mm of mercury The tachycardia is probably a 
response to the low aortic pressure When one succeeds m bringing 
the blood pressure to a suitable level by infusion, one finds that the 
pulse rate falls almost simultaneously At the onset of shock the blood 
pressure is sometimes temporarily raised , the compensatory contraction 
of the arteries as a result of the lowering of blood volume may be 
intense (This rapid and marked fall of the blood pressure is never 
found in heart failure In that condition the blood pressure is in gen- 
eral normal or raised, and not before the agonal stage is it seen to 
decrease ) 

The heart can be delimited by percussion with difficulty W'hen under 
these conditions a roentgenogram is taken, the heart is found to be 
very small The cardiac sounds are soft, the second sound because 
of the low blood pressure, the first because the muscular sound is 
weak, owing to the low cardiac output Thus a sensation of embryo- 
cardia can be obtained 

The superficial veins are collapsed, which becomes obvious on 
attempts at venipuncture The pressure in the vein may even be below 
1 to 2 cm of water 

The reflexes are low The pupils are dilated and leact defectively 
to light 

The urinary output is generally low Occasionally I have seen 
anuria de\elop The specific gravity of the uiine, in contrast to that 
m cases of circulatory congestion is usually low Sometimes typical 
isosthenuria is observed The pooi renal function, as well as extra- 
renal factors, leads to uremia Renal failure must be ascribed to the 
lessened flow of blood through the kidneys, with anoxemia supervening 
The kidneys are severely damaged, since their function requires much 
oxygen This is comparable with the renal insufficiency of severe 
anemia 

Diuresis is much lowered when shock is attended by dehydration 
due to vomiting and diarrhea The extiarenal factors causing uremia 
are dehydration, fevei and autolysis The blood often shows a loss of 
chlorides and bases (sodium) Generally there is acidosis I have 
often found values for alkali reserve between 20 and 30 volumes per 
cent The causes of acidosis are manifold Owing to the anoxemia, 
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intermediary metabolites are incompletely oxidated The resyntliesis 
from lactic acid is deci eased, which causes the lactic acid content to 
rise At venipuncture the dark color of the blood is always conspicuous 
On analysis the oxygen content is found to be below normal This is 
due to the fact that the slow blood stream gives off much of its oxygen 
Yet the tissues receive too little oxygen 

The teniperatuie is loweied as the production of heat becomes 
defective through slowing of the blood stieam, and the fall m tempera- 
ture IS enhanced by the accelerated breathing and sweating On account 
of Its slow current the blood cools excessively 

I have repeatedly emphasized that the heart is not the cause of this 
condition The heart m failuie is always dilated, except m paroxysmal 
tachycardia and concretio cordis Another circumstance which shows 
the heart to be healthy m shock is that when one i eplemshes the decreased 
blood volume by infusion one often has to use seveial liters of fluid 
before the blood pressure is reestablished It is found that the heart 
can stand this extra burden without damage I do not think one can 
load the circulation with so much fluid with impunity if the heart is 
diseased At autopsy, howevei , the heart is often obsei ved to be flabby 
and dilated This observation has checked the development of knowl- 
edge of shock for a long time During life the heart is found on 
roentgen examination to be small Probably it is dilated shortly before 
death, when it succumbs to the damage caused by pool cii culatiori 

It IS remarkable that a number of quite different diseases can all 
lead to the identical, shaiply outlined syndiome of shock Among the 
causative factors may be mentioned hemoiihage, acute infective dis- 
eases, poisoning, injury, pain, emotion, operations, loss of fluid by 
vomiting and diarrhea, perforation of abdominal viscera, panel eatitis, 
peritonitis, pulmonaiy edema, coronary thrombosis, pulmonaiy embo- 
lism, burns, congelation, hyperthermia, anaphylaxis, diabetic coma and 
Addison’s disease 

pathogenesis ® 

All these conditions must have one factor in common, which leads 
to the shock syndrome This common factor is the discrepancy occur- 
ring in all these conditions between the blood volume and the capacity 
of the vascular system This disci epancy may occur in any of three 
ways 

1 By a decrease of the blood volume 

2 By an increase of the vasculai capacity 

3 By a combination of these factors 

A decrease of blood volume in its simplest form is caused by seiious 
loss of blood, of the kind most commonly observed in cases of bleeding 

3 Wiggers, C J Physiology in Health and Disease, ed 2, Philadelphia 
W B Saunders Company, 1937 ’ 
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peptic tilcer The shock caused by such a decrease is by fai the easiest 
to understand and is most simply mended by blood transfusion A 
decrease of blood volume may also be the lesult of dehydration The 
loss of fluid may be due to severe vomiting or diaiihea or to intense 
polyuria, as in diabetes In examination of the blood dehydration 
manifests itself by a high hemoglobin content, a high led cell count, 
a high cell volume in the hematocrit and a laised level of plasma pro- 
tein The concentration of the blood may inciease by 20 to 50 pei cent 

Loss of fluid may be bi ought about in still another way Cases of 
shock are frequently observed in which the circulating blood volume is 
decreased by exudation of plasma Haikms^ spoke of “plasma- 
exudation”, Eppinger,^ of sejose Entzxindung When this occurs theie 
is concentration of the coipusculai elements of the blood (hemoglobin 
content, led cell count and hematociit value are high), but with a nor- 
mal level of plasma piotein A quantity of plasma must have escaped 
fiom the circulatory system Eppinger was able to prove tins by demon- 
strating an increased production of lymph in animals in histamm shock 

A Decreased blood volume 

1 Loss of blood normal blood constituents 

2 Dehydration high values for protein and hemoglobin 

3 Loss of plasma high values for hemoglobin and normal values for protein 

B Increased vascular capacity 

1 Central (vasomotor paralysis) 

2 Peripheral (vascular poisons) 

C A and B combined 

This is easily undei stood m cases of peiitonitis, pulmonaiy tdema, 
war gas poisoning, combustion and freezing (Harkins) Blalock ® was 
able to demonstrate that contusion, combustion and freezing of a limb 
caused a considerable increase m its weight as compaied with that of 
the untieated limb 

Shock may be bi ought about by geneial damage to the capillanes 
This IS piobably the explanation of tiaumatic shock (Moon) Sub- 
stances aie absorbed from the injured area which damage the capillaries 
This has been pioved experimentally When an extiemity of an animal 
IS ciushed, no shock follows if the femoial vein is ligated As soon, 
however, as the ligature is leleased, symptoms of shock appeal Fui- 
thermore, aqueous extracts have been deiived fiom the injured tissues 
which when injected into the blood stream of animals cause shock 

4 Harkins, H N Ann Surg 102 444, 1935 Harkins, H N , and Harmon, 
P H ibid 106 1070, 1937 

5 Eppinger, H , Kaunitz, H , and Popper, H Die serose Entzundung 
Eine Permeabilitats-Pathologie, Berlin, Julius Springer, 1935 

6 Harrison, W G, Jr, and Blalock, A Ann Surg 96 36, 1932 
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In all such cases high values for hemoglobin are found, with a normal 
protein content Probably histamme-like substances are in play, which 
aie known to be foimed in destruction of tissue In fact, the best way 
of stud) mg shock expei imentall)- is by injection of histamine into 
animals Shock can be produced expei imentally also b) implantation 
of living 01 mjuied tissue in the abdominal cavity 

The post 11101 tern obseivation in cases of death fioiii traumatic shock 
completely coiiespond with the findings in experimental shock, the 
peiipheial veins aie empty, the visceia aie swollen and deep red and 
the small venules and capillaiies of the visceia are engorged Theie is 
blood-stained exudate m the body cavities The mucous membranes of 
the thoracic and abdominal oigans are red and swollen Numeious 
hemoiihages aie observed, and when the course has not been too rapid 
there is pulmonaiy edema Taken togethei, these observations point to 
a loss of tone of the smaller vessels and to extiavasation of plasma — 
changes which one knows as effects of vascular poisons The same pic- 
tuie IS observed m patients who have died m shock from acute infective 
disease, after injections of gold compounds (Heubner), and m poison- 
ing by mercuiy (McNidei), alcohol, ethyl carbamate (methane) Oi 
baibital Peptone, albumose, histamine, bacteria oi bacteiial toxins may 
also be the cause 

Even m cases of combustion and wai gas poisoning, howevei, there 
IS, in addition to local exudation of plasma, general damage to the 
capillaiies, which causes depletion of the blood volume 

Not only deciease of blood volume but mciease of vascular capacit) 
may be the cause of the disci epancy Undei noimal conditions only 
part of the capillaries are patent at the same time If all the capillaries 
of the skeletal muscle system opened simultaneously, they could easil) 
contain the whole blood volume (Kiogh) Undei certain cncumstances 
the capillaries do not respond to the stimuli that should make them con- 
tract, thus they withdiaw the blood fiom the cii dilation just as a 
sponge absorbs watei In this an ay the volume of the vascular system 
IS considerably augmented Dale proved that histamine, among othei 
substances, brings about such vascular atony It causes the capillaiies 
and venules to become dilated and crammed with blood With the 
dilatation there is increase in the permeability of these vessels, lesult- 
ing in concentration of the blood and edema of the tissues Pait of 
the blood, theiefore, may be stored in the skin (cutis marmoiata) 
Blood obtained fiom the capillaries of the skin by piicking the finger 
shows a considerably higliei led cell count than does blood deiived 
from the cubital vein It is clear, theiefore, that shock in many cases 
IS due to a combination of the two factois mentioned, i e, decreased 
blood vplume and increased vascular capacity In the dilated capil- 
laries the blood flows slowly or not at all and is thus withdrawn from 
the circulation In determinations of the circulating blood volume by 



958 


ARCHIVES OF INTERNAL MEDICINE 


the Congo red method the stain does not mix with this stagnant blood, 
so that a reduced blood volume is found, and, in fact, this is practically 
the cause The patient is said to bleed to death m his own vessels 
Whether the blood volume is reduced by hemorrhage, by loss of plasma 
01 by withdrawal of a portion of the blood fiom the circulation, the 
result IS practically the same 

ASSOCIATION OF SHOCK WITH VARIOUS CONDITIONS 

T‘>auma — During the war shock was seen to develop immediately 
after injury or after a lapse of hours (up to twenty-four) Ordinarily 
under these conditions shock was called primary and secondaiy It 
was often observed that the late onset of shock coincided with a long- 
lasting transpoit, which added the factor of cold to the agents reduc- 
ing the volume of circulating blood 

Primary traumatic shock develops suddenl)% immediately following 
physical or mental injur)' The sudden onset suggests that the nervous 
system plays an important part Primary shock may result also fiom 
stimulation of the vagus nerve or from paralysis referable to the 
sympathetic nerves Lewis ref ei red mainly to vagal stimulation in 
his description of vasovagal syncope, m which low blood pressure 
accompanies slowing of the pulse This desciiption corresponds with 
Tendeloo’s concept of shock Abdominal operations may cause a sud- 
den fall of the blood pressuie, with slowing of the pulse This is also 
ascribed to vagal stimulation Epinephrine immediately relieves the 
condition This type of shock Phemister and Livingstone saw m 17 
of 175 gastiic operations and in 29 of 209 operations on the gallbladder 
With nitrous oxide anesthesia this type of shock is raiely encounteied 
Primary shock is seen also m cases of perforation of abdominal visceia 
after an injury to the abdomen or the testicles This process has been 
compared to Goltz’s expeiiment, m which vasodilatation of the 
splanchnic aiea is brought about by lepeated tapping on the abdomen 
In this instance also the blood accumulates m the abdominal vessels 
Paralysis referable to the sympathetic neives can also give use to 
shock, for instance, paralysis produced by a lesion of the cer^ ical portion 
of the spine oi by spinal anesthesia In this form of piimaiy shock 
the circulating blood volume is reduced by stagnation, but the blood 
IS not concentrated Yet it remains questionable whether this explana- 
tion holds foi all types of piimaiy shock, as several surgeons have 
assured me that they have not observed the engoigement of the abdomi- 
nal vessels which should lesult Besides, expeiiments are on record 
m which stimulation of the abdominal portion of the vagus nerve led 
to a rise of the blood piessure It is a difficult field of investigation, 
as the patients eithei recover from piimaiy shock rapidly or die rapidly 

7 Phemister, D B , and Livingstone, H Ann Surg 100 714, 1934 
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Secondary shock develops later and in general is much more serious 
The aforementioned consideiations of Moon make it probable that 
geneialized toxic damage to the capillaries is in play In this form 
of shock the reduction m circulating blood volume is constant The 
moie severe the shock, the gi eater the i eduction A deciease of 85 
per cent has been observed 

For a long time the opinion has prevailed that traumatic shock is 
caused by vasomotor paralysis It has, however, been shown repeatedly 
that the vasomotor system well retains its excitability for carbon 
dioxide The pale skin also demonstrates arterial spasm, which is 
hardly consistent with reduced vasomotoi activity The pictuie rather 
suggests that the vasomotor center responds well, for the contraction 
of the cutaneous vessels may warrant a sufficient blood supply to the 
brain and heart for a long time 

The probable causes of traumatic shock aie generalized dilatation 
of the visceral capillaries with exudation of plasma and local dilatation 
with extravasation of blood and plasma in the injuied paits 

Postoperative Conditions ^ — Shock occuning after surgical inter- 
vention IS ascribed to the same factors Histamine-like substances 
should likewise be released into the blood stream There are a lowered 
venous pressuie and a reduced blood volume Handling Of the intes- 
tines IS said to lead to the extravasation of much plasma (Blalock) 
The factoi of deh 3 ^diation should not be lost sight of, being a factor 
common to all opeiations 

“Purging” of the patient, restiamt on the fluid intake and loss of 
water by deep respiration are factoi s not to be undei rated 

Loss of Blood — Shock due to this condition is easiest to explain 
Much depends on the quantity of the hemorihage and the speed of the 
bleeding When a patient with gastric hemoirhage succumbs, it is the 
lesult of shock Tieatment, theiefore, should be diiected against shock 
by refilling the vascular system In cases of serious involvement I 
resoit not to simple blood transfusion but to intiavenous diip infusion, 
which permits continuous administiation of the fluid, the volume being 
controlled under guidance of the pulse and blood pressuie One may 
make a choice among various fluids — ^blood, Bayhss’ fluid oi Ringer’s 
solution I think that this method represents progiess in the treatment 
of life-endangeimg hemoirhage Statistics showing mortality reduced 
under this treatment do not tell much, the fact that I have succeeded 
in rescuing patients in deep shock, pulseless and with no measurable 
blood piessure, is a more valuable testimony 

8 Mann, F C , and Essex, H E The Present Status of the Problem 
of Traumatic Shock, in Collected Papers of the Mayo Clinic and the Mayo Founda- 
tion, Philadelphia, W B Saunders Company, 1935, vol 27, p 1231 

8 a Bayhss’ fluid consists of 60 gm of acacia, 9 gm of sodium chloride and 
1,000 gm of distilled water 
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Acute Infectious Diseases — Shock is frequently observed in the 
course of infections Except in iheumatic fever and diphtheria, a dis- 
turbance of ciiculation in the course of an infection is geneially not 
caused by the heait This type of shock has been well investigated by 
Romberg and Paeszlei They supposed the cause to be vasodilatation 
due to vasomotoi paialysis Furthei investigations by means of animal 
experiments have shown that the lowered excitability of the vasomotor 
centeis is a result rather than a cause of the shock 

During an epidemic of influenza m 1920 Underhill and Ringer ° 
found shock with maiked concenti ation of the blood (hemoglobin con- 
tent 140) in the cases m which the outcome was fatal They compared 
this condition with what they had seen m cases of phosgene poisoning, 
noting, howevei, that m the latter the pictuie developed m horns, 
whereas in the cases of influenza days were requiied In both types of 
cases there were pulmonaiy edema and intense hemoconcentration The 
lattei sign, howevei, is far from constantly found m cases of acute 
infectious diseases m which shock has developed It is my experience 
that in most cases it is not piesent In January 1937 I had an oppor- 
tunity of examining closely a numbei of patients with influenza who 
died in shock In spite of a complete and distinct pictuie of shock, 
with a bloq|l pressuie of 50 to 60 mm, a haidly palpable pulse and 
empty veins, these conditions geneially persisting for seveial days, I 
never found a use m the red cell count or in the cell volume My 
experience with shock in patients suffering fiom othei acute infective 
diseases, paiticularly m a numbei of patients with pneumonia and 
scarlet fever, is of the same kind, theie was no concentration of the 
blood even to the ultimate stage Recently a man suffering fiom tropical 
malaria was admitted to the hospital in deep shock He died an houi 
later, and theie was no concentration of the blood I do not know 
how to explain shock m such cases The great resemblance to trau- 
matic shock, in which theie is certainly a reduced blood ^olume, makes 
it probable that m these cases also toxins aie m play, acting peiipherally 
on the capillaries and causing dilatation with oi without extiavasation 
of plasma I have nevei succeeded in saving a patient m seveie shock 
fiom infectious disease 

Poisoning — In vaiious kinds of poisoning the shock S 3 mdrome may 
be studied I have obseived it m veronal (barbital), mercury bichloride, 
arsenic and oxalic acid poisoning In war gas poisoning, especially, 
shock develops extiemely lapidly, and the management of this poison- 
ing IS mainly the treatment of shock A patient who had taken about 13 
Gm of arsenic acid was admitted to the hospital five hours later He 
was m typical shock The pulse could not be felt, noi could the blood 

9 Underhill, F P , and Ringer, M Blood Concentration Changes in 
Influenza, with Suggestions for Treatment, J A M A 75 1531 (Dec 4) 1920 
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pressure be determined The erythrocyte count was 7,000,000 per 
cubic millimeter An intiavenous diip tempoianly raised the blood 
pressuie to 80 mm systolic, and the circulation improved The suc- 
cess, howevei, was tiansitory, as the patient died with the signs of 
pulmonaiy edema 

Voimhng and Dianhca — Heie the supervemng of shock is easily 
understood when one realizes how much fluid may be lost by the patient 
Not only the tissues but the blood is dehydrated The picture of dehydia- 
tion and concentration of blood may be striking Loss of salt and uremia 
also develop, but these aie secondary symptoms The danger lies in 
a 1 eduction of the blood volume incompatible with life In lecent years 
much has been written about “extiaienal uremia,” caused by dehydra- 
tion on loss of salt Yet I do not think that in this case the danger 
comes from uremia The menace should be sought lather m the reduc- 
tion of cnculating blood volume Treatment should be directed to com- 
bating dehydration by means of fluid or salt By these means shock 
IS abolished, and uiemia disappears as the circulation impioves This 
foim of shock is amenable to theiapeutic intervention Fluid up to 
several liteis is often requiied for leplenishing the loss, the red cell 
count being a piactical means of estimating the dose When one realizes 
that up to 7 liters a day has been given in these conditions, partly intra- 
venously, one undei stands that good cardiac function must have been 
present I observed severe shock in a few cases of paiatyphoid fever 
with severe diarrhea One patient with paiatyphoid B died m deep 
shock after an illness of twenty-four hours The red cell volume was 
60 pel cent, the plasma volume only 40 per cent The red cell count 
was 9,000,000 per cubic millimeter Treatment was incapable of per- 
manently filling the vascular system, the fluid administeied actually 
left the vessels at the same rate, for the red cell count lemained the 
same A seiious dangei of shock which continues for a long time is 
anuiia, which may become irreveisible I have obseived this on a few 
occasions, once in a patient with diabetes, once in a patient with para- 
typhoid B In both patients autopsy revealed nephiosis 

I saw a patient with paratyphoid B who had had severe diarrhea for two days 
On admission there was severe shock The skin was cyanotic, cold and moist 
The patient had the hippocratic facies and did not respond to stimuli His pulse 
rate was 160 to 170, his systolic blood pressure was 60 mm On venipuncture 
I was struck by the treacly consistency of the blood The hemoglobin level was 
150 per cent, the red cell count 8,000,000 per cubic millimeter, the protein content 
of the plasma 6 72 per cent, the blood urea 2 Gm per liter and the alkali reserve 
23 volumes per cent On roentgen examination the heart was found very small 
So I was dealing with shock from loss of plasma through the intestinal lesions 
Intravenous drip treatment was instituted with the utmost speed Two liters was 
introduced in two hours The pulse became more easily palpable and the blood 
pressure rose to 90 mm systolic The skin became warm and less cyanotic 
Acidosis was combated with sodium bicarbonate The man recoveied his speech 
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and gave the impression of having substantially improved After the drip infu- 
sion was stopped the blood pressure fell again to 60 mm The drip infusion 
was maintained for three days, the blood pressure rising to 120 systolic and 
80 diastolic The red cell count fell to 5,200,000 per cubic millimeter The patient 
seemed well It appeared, however, that only 40 to 60 cc of urine was excreted 
Intense albuminuria developed, and the man died, the urea content of the blood 
being S 5 Gm per liter The pathologist observed nephrosis 

Diabetes — The prognosis of diabetic coma depends on several 
factors Prior to the inti oduction of insulin coma was an entirely hope- 
less condition, and even now it is seiious, though fortunately there is 
today a possibility of saving the patient’s life On studying larger 
statistics one finds that the mortality from diabetic coma, in spite of 
expert insulin treatment, is still high When one ascertains the Icind 
of cases in which insulin has not the desired effect, various causes can 
be found to account for this circumstance One of these causes is shock 
I shall give an illustrative instance 

Five years ago, in the evening, a boy aged 15 was admitted to the department 
in deep coma He had been unconscious for about four hours , the cause of the 
coma had been the omission of the necessary dose of insulin There was no 
history of infection With massive doses of insulin I succeeded toward midnight in 
getting the boy to “come around,” the blood sugar had decreased considerably, 
and the alkali reserve had risen satisfactorily The pulse was of good quality 
Everything seemed favorable until, a few hours later, I was warned that the 
pulse was becoming poor When I saw the boy the pulse could no longer be 
felt, and in a short time he died At autopsy no explanation could be found for 
the sudden death 

Such a case, of course, did not fail to make a deep impression, 
especially as ever 3 i;hing at first seemed to proceed well This is, unfor- 
tunately, not the only instance I might cite Now consider the way 
m which such an event can come about 

I then thought that the patient had collapsed suddenly Later I 
became convinced of a more gradual development of such circulatory 
failure, which makes it possible to foresee the impending mischief by 
regularly observing the pulse and especially the systolic blood pressure 
This value, which in diabetic coma is generally already low, gradually 
falls, attains a level of 80 to 70 to 60 mm and eventually becomes 
undeterminable 

If one regularly determines the red cell count in diabetic coma, 
one will nearly always find marked hyperglobulia Moreover, by certain 

10 Lawrence, R D Brit M J 1 690, 1930 Lande, H Uncontrollable 
Causes of Death in Diabetic Coma, JAMA 101 9 (July 1) 1933 Labbe, M , 
and Bouhn, R Presse med 41 1705, 1933 Bethe, A , von Bergmann, G , 
Embden, G , and Elhnger, A Handbuch der normalen und pathologischen 
Physiologic, Berlin, Julius Springer, 1930, vol 18, p 634 Drabkm, D L , and 
Edwards, D J Am J Physiol 70 273, 1924 Drabkm, D L , and Shilkret, H 
ibid 83 141, 1927 
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methods based on the injection of dyes, one can demonstiate that the 
blood volume has actually deci eased The vascular system adapts itself 
as long as possible to the i educed blood volume, but if this diminishes 
too fax the blood piessuie will fall alaimmgly The cause of the ron- 
centiation of the blood in diabetic coma is easily undei stood when one 
realizes that the patients always have considerable polyuiia, and the 
loss of fluid IS not compensated by dunking aftei the patient loses con- 
sciousness Besides, if fluid can be taken, it is leturned by vomiting 
In spite of the serious dangeis inherent m shock, one is not entiiely 
powerless as to its treatment As m so many chapters of clinical medi- 
cine, the lule holds that the most rapid intervention gives the best 
chance What one is to do is obvious Besides giving massive doses 
of insulin, one must apply measuies to combat dehydration I have 
adopted the lule of immediately administei mg 2 liters of physiologic 
solution of sodium chloride subcutaneously in every case of diabetic 
coma and, if necessary, lepeating this procedure after a few hours 
As soon as the patient can dimk and does not vomit, I give fluids by 
mouth also Meanwhile I carefully observe the blood pressure, which 
is read every half hour or even more frequently When it falls, no 
profit will result fiom giving digitalis oi other cardiac stimulants 
One must try to raise the circulating blood volume in older to improve 
the diastolic filling of the heart and thus enable the heait to lestoie the 
blood pressuie to normal levels When in diabetic coma the blood 
pressure is very low, the blood sugar and the alkali reserve do not give 
a true picture of the condition An immediate improvement, however, 
may lesult if one succeeds in raising the blood volume I shall present 
an instance of shock associated with diabetic coma in which I succeeded 
in changing the condition for the better 

A girl aged 18 years was admitted unconscious to the department at 7 p m 
on June 20, 1934 She showed the typical picture of diabetic coma The face 
was highly flushed, the respiration was of the “large” type The maximal blood 
pressure was 120 mm and the minimal 75 mm The blood sugar amounted to 
514 mg per hundred cubic centimeters and the alkali reserve to 16 volumes per 
cent The blood was distinctly concentrated, the red cell count being 6,000,000 
per cubic millimeter Immediately 100 units of insulin was injected Two hours 
later the value for blood sugar had fallen to 375 mg per hundred cubic centi- 
meters Again SO units were given At 11 p m the blood pressure became 
lower, at midnight the pulse was hardly perceptible The value for blood sugar 
at that time was 170 mg per hundred cubic centimeters The picture of coma 
had now completely changed The girl was still unconscious, her color was no 
longer red but pale and cyanotic The respiration, instead of being deep and 
slow, had become rapid and shallow The heart, on percussion, was not enlarged 
The skin was cold, and the condition appeared alarming Intravenous infusion 
was decided on This was not easy, as the veins were so collapsed that I did not 
succeed in carrying out venipuncture A vein had to be dissected free, after which 
a slow infusion of Bayliss’ fluid was given The pulse gradually became 
palpable When 600 cc had been given, the blood pressure measured ISO svstolic 
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and 80 diastolic Epinephrine (1 mg) had been added to the fluid The skin 
felt warm, and disappearance of the pallor and cyanosis w^as a further sign of an 
improved circulation The condition at one stroke had changed for the better 
Fortunate^ the improvement maintained itself, the blood pressure fell somew'hat 
but remained within the limits of normal, and after a short time the patient 
spoke She made a complete recoverj This girl’s life was saved by refilling the 
vascular sjstem and therebj restoring the circulation in good time 

I hat e not alw at s succeeded in combating shock by restoring the blood 
volume with fluid and epinephrine In the less favorable cases the 
infusion had a tempoiarj'- effect, estimations showing the concentrated 
condition of the blood to have disappeared and the blood pressure to be 
1 eestablished, but after a few hours the values were seen to verge 
towaid the alarming again The quantity of urine produced during 
shock IS generally small, which led me to assume that the fluid leaves the 
vessels and enters the tissues At autops}^ this is observed to be true, 
the organs being ciammed with fluid I lecently observed such a case 
of shock, in which the fluid had drained from the vascular system At 
autopsy the high fluid content of the abdominal viscera, lungs and 
subcutaneous fat was conspicuous From the cut surface of the liver 
a pool of serous fluid collected m a shoit time 

The temporary natuie of the effect of infusion of fluid might 
be ascribed to a too short duration of the effect of epinephrine It is 
theiefore certainly better to administer an intravenous drip infusion 
At first until the pulse has impioved, one may infuse lather rapidly, 
leducing the rate of the inflow to, say, 100 cc of fluid an houi, with 
0 2 per cent of epinephrine solution This is continued until the blood 
pressure show s no more tendency to fall It may be necessary to main- 
tain the drip infusion for a few days at a stretch, regulating the late 
of inflow as required and taking the blood pressuie as a guide 

Recently I saw' a joung man w'ho had come under the treatment of his 
family physician only the day before The physician asked for his admission 
to the hospital because of gb'cosuria The same night the condition became w'orse, 
and on admission the next morning the patient w'as in deep shock (impalpable pulse, 
unmeasurable blood pressure, empty veins) Had he been treated only wnth insulin, 
he would surely not have lived much longer An intravenous drip infusion pulled 
him through Two hours later his blood pressure was normal, and the danger 
of shock was ov'ercome Meanwhile the acidosis was combated successfully with 
insulin 

Shock m diabetic coma does not alwa)'s develop at the height of the 
comatose condition It ma}' develop after the patient has regained full 
consciousness, so that he falls back into coma Several authors have 
even reported that shock may dev'elop a few days after the patient has 
recovered from coma I never saw' this happen, but the possibility being 
recognized, careful obseiwation of the pulse and blood pressure even 
when everything seems well is necessar)' for days Apart from frank 
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coma, seveie diabetic acidosis without impaiiment of consciousness may 
also lead to shock In this connection I wish to mention the case of 
a little boy who, ambulatory, came to the clinic with entiiely unimpaired 
sensorium but with a high blood sugai and a low alkali reserve The 
blood was highly concentiated and the blood pressuie low I imme- 
diately admitted the boy to the inpatient waid and tieated him with 
laige doses of insulin Five houis later typical shock developed, aftei 
the value foi blood sugar had become normal and the alkali reseive 
had risen satisfactoiily The boy had been given 500 units of insulin 
The genesis of shock in diabetes is still unexplained Piobably the 
acidosis itself is not lesponsible, for shock is lepeatedly seen to develop 
aftei ketosis has diminished oi even aftei the ketone bodies have dis- 
appeaied fiom the blood and urine I have often been stiuck by the 
fact that in spite of clinical treatment the pulse may become steadily 
more lapid and weak and the blood piessuie fall It is remaikable that 
this should happen after admission of the patient to the ward, when 
one would expect the condition to impiove as a result of the bettei 
management under which the patient is placed The disturbance of 
metabolism is dealt with by massive doses of insulin Why, then, does 
shock develop^ 

There is some reason to suspect that the insulin is responsible foi 
this It IS well known that injections of insulin, both in healthy and 
m diabetic persons, at fiist may lead to a marked increase in weight 
This inciease is caused by letention of water in the tissues Edema 
may develop not from renal insufficiency but from puiely extraienal 
causes In many diabetic persons one sees slight to moderate inspissation 
of the blood after the first injections of insulin Undei the action of 
insulin, water and salts leave the blood stream and aie absorbed in the 
tissues This, at least, is found dm mg the first few hours or, at most, 
days of the insulin cure Latei, aftei the tissues have become saturated 
with fluid, the concentiated state of the blood disappears and even gives 
way to dilution Thus some kind of balance is established The con- 
centiation of the blood is more marked as the diabetes is more severe, 
the doses of insulin higher and the fall of the value for blood sugar 
more steep 

The concentration of the blood is most maiked m hypoglycemic 
shock Diabkin has pioved this m experiments on dogs I had an 
opportunity of examining schizophrenic patients during insulin shock 
induced theiapeutically I observed an increase of concentration of 
the blood, which could be shown by a use of the piotein content of 
the plasma and the led cell count On one occasion I even saw the 
latter rise in a few hours fiom 4,900,000 to 6,300,000 per cubic milli- 
meter Drabkin was able to prove with dogs that the concentration 
of the blood was much more marked when the animals had previously 
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been brought into a state of dehydration by withdrawal of fluid from 
their diet This evidence perhaps explains to some degree the develop- 
ment of shock in my diabetic patients By the action of insulin the 
capillaries become permeable to watei, the circulating blood volume 
decreases, the blood pressure falls and the previously described condition 
of shock IS produced 

Schittenhelm in 1927 diew attention to the remarkable difference 
betv een patients who died in diabetic coma m the period before insulin 
came into use and those who now die from this cause after having 
been treated with insulin Formerly, intense pol}'una persisted to the 
last, whereas now anuria is conspicuous This observation must be 
tiue I have repeatedly observed patients admitted to the ward with 
full bladders, in whom, afterward, severe oliguria or even anuria 
developed Probably both anuria and shock are the result of loss of 
fluid fiom the capillaiies 

If it is true that insulin produces or perhaps aggravates shock, this is 
distressing, but for the present there is no means of preventing it with 
ceitamty One can onl}^ urge ph 3 'sicians to be careful in giving large 
doses of insulin at once, if not strictty necessary In treating a patient 
foi fully deA^eloped coma the administration of large doses of insulin 
cannot be dispensed with, in treating for precoma, which is not such 
an emergency, it is better to give small hourly doses instead of larger 
doses at longer intervals Under these conditions protamine zinc insulin 
may be valuable It has been shown experimentally that this careful 
administration of insulin gives less rise to increased permeability of the 
vessel walls It seems important, theiefore, not to let the blood sugar 
leAel fall too rapidly It can safely be left high, and the administration 
of sugar 111 case of a marked fall (perhaps even at the onset of treat- 
ment) will help in prei'^enting shock In clearcut diabetic coma, in ivhich 
there is no time to lose, careful dosage may not be ventured One must 
try as soon as possible to mend the state of dehydration by compensating 
for the loss of fluid from the vasculai system in every accessible way 
Regulaity repeated counts of the erythrocytes indicate the progress 
of the dehydration, but the most important measure, m my opinion, is 
regular observation of the blood iiressuie If it is A^ery Ioav or falls 
during treatment, one must not delay but must attempt to refill the 
Avascular system 

Fatal shock in diabetic coma is more frequent in elderly persons 
than in the young An analogous behaAuoi is seen in severe gastric 
hemorihage, which in elderly persons Avith arteriosclerosis is more 
dangeious than in subjects AAuth healthy vessels It is possible that this 
IS due to the fact that a heart with narroAV coronal y vessels is more 
susceptible to a too Ioav blood pressure than a normally vascularized 
heart 
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Addison's Disease — In Addison’s disease, together with a low 
arteiial pressuie, a noimal venous piessuie is found During the crises, 
however, the arteiial pressure is reduced still fuither, and the venous 
piessure also falls In adrenalectomized animals the circulating blood 
volume IS considerably reduced An extiact of adrenal coitex may 
abolish this shock During the crises in clinical cases I have also 
repeatedly obseived a laised red cell count (up to 7,000,000) and a 
raised level of plasma piotein This condition can geneially be ade- 
quately dealt with by the use of an extract of adrenal cortex alone 
Fluid is of no use, as it leaves the vascular system It is probable, theie- 
foie, that in adrenal failuie the mechanism that keeps the quantity of 
circulating blood on a constant level is disturbed This distuibance 
probably should be ascribed to loss of sodium, which in adrenal insuffi- 
ciency is eliminated through the kidneys, carrying water with it The 
sodium also escapes into the tissues, together with water An extract 
of adrenal cortex can repair this disturbed regulation of the distribution 
of fluid between blood and tissues The shock associated with adrenal 
failure is so well undei stood that the deduction has been drawn that 
in other forms of shock adrenal failure should be assumed It is 
questionable, however, whether the similarity of the syndromes should 
induce one to assume a similarity of causes If extract of adrenal 
cortex can bring about improvement in cases of shock of other types, 
this is no pi oof that adrenal failure is m play m all kinds of shock 
Heuer and Andres studied shock occurring in animals after injection of 
extracts of putrefying intestinal contents They found the typical 
picture of shock, with concentration of blood and extravasation of 
plasma On injecting fluid they obtained no improvement, the fluid 
leaving the vessels When they gave extiact of adrenal cortex simul- 
taneously with the fluid, good results were obtained, the blood pressure 
and plasma volume becoming normal This does not necessarily mean 
that the shock bi ought about by these investigatoi s was due to adrenal 
failure I have lepeatedly met with patients foi whom the infusion of 
fluids was of no avail, the blood pressure remaining low and the con- 
centiation of the blood being little influenced This shows only that 
the vessels are damaged to such a degree that the fluid drams away 
through their walls I have therefoie tried to give substances reducing 
the permeability of the vessel walls Calcium, parathyioid extiact and 
dihydrotachysterol (A T 10) were tried, without the least benefit 
Success was often obtained by adding epinephrine, paramethylammo- 
ethanolphenol tartrate (sympatol) or ephedrme to the fluid It is pos- 
sible that constriction of the vessels reduces their peimeabihty On a 
few occasions, however, I have seen good results from the use of an 
extract of adrenal cortex This was true in the case of a patient in 
anaphylactic shock, who was gn^en an intravenous drip infusion and 
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did not respond m spite of laige quantities of fluid and epmephime 
Whether post hoc or propter hoc, administration of an extract of adienal 
cortex was followed by improvement The similarity of shock and 
adrenal crisis may be such that mistakes can be made 

Five years ago my advice was asked for a woman who had been admitted to 
the surgical department because of a condition diagnosed as ileus She had a rapid 
pulse and a blood pressure of 70 to 80 Her skin was distinctly pigmented I 
did not hesitate to make a diagnosis of Addison’s disease Uremia (blood urea 
7 Gm per liter) was present, but I did not consider this an uncommon feature, 
as the patient had vomited a great deal After an initial improvement under 
the influence of extract of adrenal cortex, the woman died No changes were 
found in the adrenal glands, but to my amazement and that of my associates 
there were typical contracted kidneys For a long time I was unable to explain 
this It was only after improving my knowledge of shock that I found the 
solution This woman had contracted kidneys and became uremic, and as a 
result of this she began to vomit severely This caused shock, as was shown 
by the pulse and blood pressure Although the skin of chronically nephritic 
persons is occasionally pigmented, the remarkable pigmentation in this case, added 
to the other symptoms, had led me astray 

A woman aged 45 had been ill for five weeks She had high fever and 
disturbed micturition The urine contained much pus I was called because her 
heart action was bad I found her in typical shock, lying flat in bed, with a 
rapid pulse (almost impalpable) and a blood pressure of 80 mm systolic The 
nose was cold There was marked cyanosis There w'as no enlargement of 
the heart A roentgenogram taken from a distance of 1 meter with the patient 
supine showed a small heart, the maximal diameter being 9 5 cm There were no 
pigmentations I made a diagnosis of shock, the cause of w’hich I did not know 
I thought of infectious shock because of the severe pyelitis It w'as peculiar 
and characteristic of the ever similar picture of shock that a head nurse remarked 
“If I didn’t know better, I should say she is in diabetic coma ’’ The erythrocyte 
count was 8,060,000 per cubic millimeter The alkali reserve was 30 volumes 
per cent, the blood urea 3 Gm per liter By infusion of Bayhss’ fluid and 
Ringer’s solution and epinephrine I succeeded in overcoming the shock, the blood 
pressure rose to 120 systolic and 80 diastolic, the pulse became more easily 
palpable and slower, and the erythrocyte count fell to 4,700,000 per cubic milli- 
meter Meanwhile, tubercle bacilli were found m the urine It was only then 
that the possibility of Addison’s disease was considered The sodium content 
of the blood was 285 mg per hundred cubic centimeters An extract of adrenal 
cortex was administered The patient died, and besides unilateral renal tuberculosis 
there was observed bilateral caseating tuberculosis of the adrenal glands 

A patient was admitted in a dehydrated condition, with a very low blood pres- 
sure and a rapid pulse At home she had vomited a great deal She was slightly 
uremic, the blood was concentrated In view of the marked emaciation I 
first thought of cancer of the stomach With the former cases m mind, 
however, I thought also of Addison’s disease A very low level of blood sodium 
sustained this presumption, and treatment with an extract of adrenal cortex 
brought immediate relief After this extract was withdrawn the condition became 
worse On a diet with much salt and little potassium the woman did well A 
close examination did not reveal carcinoma 
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These cases show that shock for which no certain cause can be 
demonstrated should always suggest Addison’s disease even in the 
absence of pigmentation, which absence, in my experience, is anything 
but laie 

Acute Pancreatitis — Shock is a common symptom of acute pan- 
el eatitis I saw a woman who had high fever shortly after obstetric 
dehvei}'-, with abdominal pain, which, however, was not prominent She 
was in seveie shock No cause was known During the preparation 
for an infusion she died At autopsy extensive pancreatitis with fat 
neciosis was observed In cases of pancieatitis high red cell values, 
up to 9,000,000, aie often found The cause of shock m this case is 
not known, that histamme-hke substances were liberated from the 
necrotic tissues is suggested as a possibility 

Acute Peutonitis — The facies hippocratica so often described in 
cases of acute peritonitis is an expression of shock In these cases a 
reduced circulating blood volume is always found This shock is clearly 
understood when one keeps in mind the stagnation of blood in the 
capillaries over so great a surface as the peiitoneum Besides, there 
is exudate, which means an escape of plasma through the walls of the 
blood vessels 

Combustion and Congelation — In these conditions the reduction of 
the blood volume is the result of extiavasation of plasma Excessive 
rise of hemoglobin is found, with a noimal level of plasma piotem 
Underhill once found 230 per cent of hemoglobin In congelation the 
findings aie materially the same In the treatment of these conditions 
the management of shock deserves more considei ation than has geneially 
been given it 

Anaphylaxis — I obseived a considerable rise of the red cell count 
during extensive serum disease in 2 cases 

A patient with ulcerative colitis was treated with large quantities of dysentery 
serum After receiving the last injection of 80 cc she had an extensive serum rash, 
occupying practically the whole cutaneous surface The pulse was impalpable, and 
the blood pressure could not be measured The clinical impression was that of 
shock The red cell count, determined a few days before at 4,500,000, rose in 
a few hours to 6,000,000 It was remarkable how I failed to determine the 
circulating blood volume When congo red was injected, it immediately disappeared 
from the blood and was stored in the urticarial wheals, which became fiery red 
One can hardly imagine a better demonstration of the permeability of the vessels 
For this patient an intravenous drip infusion was established The blood pressure 
kept falling over and over again until the third day, when it was maintained 
on a constant level, perhaps by the simultaneous adrmnistration of SO cc of an 
extract of adrenal cortex Until then the fluid had run away through the vessel walls 
in spite of the addition of epinephrine, as was seen from the grave edema that had 
developed 

A patient with ulcerative colitis was given a blood transfusion from a donor 
of the same blood group, the samples mixing without agglutination Fifteen 



970 


ARCHIVES OF INTERNAL MEDICINE 


minutes after the transfusion generalized urticaria developed The blood pres- 
sure was 50 mm systolic, and the pulse was rapid There was a clinical picture of 
shock, though not severe The erythrocyte count previously had been 3,900,000 
per cubic millimeter During the shock it was 7,000,000 The protein content 
of the plasma was 6 34 per cent A few hours later, after the shock had passed, 
these values were respectively 4,900,000 and 6 12 per cent , hence there had 
occurred exudation of plasma The patient, a woman, was treated only with 
50 cc of extract of adrenal cortex, the shock was over in two hours, whether 
or not as a result of this treatment, I do not know 

TREATMENT 

In briefly summarizing the treatment, I may state that cardiotonics 
do not accomplish anything, which means that they should be left alone 
Certain attempts may, however, be made to combat shock One may 
try to stimulate the vasomotor system, for instance, with carbon dioxide 
The administration of carbon dioxide should always be combined with 
that of oxygen, as acapnia by itself might cause shock Loss of heat 
must be avoided , the blood volume is augmented by warmth As medi- 
cines, one may give strychnine, metrazol, caflreine or camphor I have 
never had an impiession that they helped As peripheial vascular 
stimulants, one may try epinephrine, paramethylammoethanolphenol 
tartrate (sympatol), ephedrine and solution of posterior pituitary These 
drugs, in my experience, are helpful principally if introduced directly into 
the blood together with much fluid As shock is based on i educed blood 
volume, there can be only one causal treatment replenishment of the 
deficient blood volume In treating for shock from hemorrhage I have 
used blood, in ti eating for shock from other causes, Ringer’s solution, 
or saline solution if the chloride value is low Bayhss’ fluid may be 
tried if the viscosity of the blood is not inci eased Acidosis is combated 
with alkalis Attempts may be made to improve the i elation of fluid 
in the vascular system, e g , with substances that act on the pei ipheral 
blood vessels or with substances that lessen the permeability of the 
vessels (perhaps an extract of adrenal cortex) 



INCIDENCE OF FATAL CARDIOVASCULAR DISEASE 
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WITH PARTICULAR REFERENCE TO HYPERTENSION 
THOMAS M PEERY, MD 
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NEW YORK 

A senes of 2,066 consecutive autopsies performed by the staff of 
the depaitment of pathology of the Medical College of the State of 
South Caiolina from Jan 1, 1928 thiough May 1938 has been reviewed 
by us as a statistical study of cardiovascular disease m the South, 
particularl 3 r among Ameiican Negroes Instances of trauma to the 
heart or vessels have been excluded, but all other cases aie included 

During this period all the autopsies done in the County of Charleston 
were peifoimed by a member of this staff, including investigations 
authorized by the coioner in cases of sudden death Furthermore, since 
most of the cases prior to about 1935 were from the charity sei vices 
of the Roper Hospital — a general county hospital for white persons 
and Negroes — there has been little or no migration of patients, and 
the results as given here can be taken as representative of fatal cardio- 
vascular disease m this area, at least in the Negro During this period 
of ten years the autopsy rate m this hospital has risen from about 25 
to about 50 per cent Since about 1935 the autopsy rate for the white 
and that for the Negro group have been about equal, while prior to 
that time the autopsy rate for the white patients, especially those not 
dependent on charity for hospitalization, was low Hence the figures 
for the white race prioi to 1935 may not be truly representative 

In 518 of the 2,066 cases (25 07 per cent of the total number of 
autopsies) death was thought to be a direct or indirect result of cardio- 
vascular disease, while in 106 other cases the changes relative to the 
cardiovascular system were thought to be more or less incidental, and 
not themselves the cause of death The corresponding clinical records 

From the Department of Pathology of the George Washington University 
School of Medicine, Washington, D C, and from Queens General Hospital, 
Jamaica, N Y 

This work was begun while the authors were connected with the Medical 
College of the State of South Carolina, the former in the department of pathology 
and the latter as an undergraduate 
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were also studied, and pertinent data were recorded The cases were 
then classified on an etiologic basis 

CRITERIA FOR CLASSIFICATION 

The term congenital heart disease, as used here, does not include 
patent ductus arteriosus or patent foramen ovale in infants Four cases 
of perforate interventricular septum (in 2 of which there were other 
congenital cardiac anomalies) and 1 case of transposition of the aorta 
and the pulmonary artery were encountered Nuineious other relatively 
minor congenital defects were observed, none of which was thought to 
be the cause of death 

The accuiate definition of criteria for the diagnosis of hypertensive 
cardiovascular disease was difficult It is known that the blood pressure 
may be temporarily raised to hypertensive levels without actual cardio- 
vascular disease being present Furthermore, some patients admitted 
with congestive heart failure or in some other teiminal state may not 
show clinical hypertension, although the patient is known to have had 
high blood pressure previously and shows evidence of hypertensive 
cardiovascular disease at autopsy Hence the level of blood pressure 
as the sole detei mining factor is not always a satisfactory criterion 
Some patients show no appreciable hypertrophy of the heart at autopsy, 
although clinical h)fpertension has been present for several } ears 
Finally, some persons show hypei tension clinically and hypertiophy of 
the heart, but the kidneys reveal little gross or microscopic change 
No single factoi seems adequate foi the classification of cases in this 
group We have adopted three criteria for the postmortem classification 
of cases of h)^pertensive cardiovascular disease, viz 

1 Clinical evidence of h3^pei tension duiing life (diastolic pressure 
of 100 mm or above, or systolic piessure of 160 mm oi above provided 
the diastolic pressure is not below 70 mm ) 

2 Cardiac hypertiophy without valvular faults (weight of heart 
above 500 Gm ) 

3 Contacted kidneys (weight 125 Gm or less), with micioscopic 
evidence of arteriolosclerosis 

With few exceptions, in the cases classified here as those of hyper- 
tension at least two of these featuies have been shown About 5 cases 
have been included in ivhich the conditions met onl}’’ one of these rigid 
requirements, but came close to the other two These fitted into no 
other classification and appealed to belong in this group Cases in 
which the criteria just listed weie met but the patients died of some 
condition other than cardiovascular disease are not included m the 
tables under this heading Unless theie was evidence of congestive heait 
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failure, of uiemia oi of vascular accident the hypertension was regarded 
as incidental 

In the third gioup, that of cases of ai tei losclerotic disease, aie 
included instances in which theie was no evidence of hypertensive disease 
as alieady listed and death was the result of advanced arterial lesions 
Cases in which theie were pronounced aiterial changes, without 
evidence of hypei tension at the time of death, and the patient died of 
coionary occlusion, ceiebial hemorrhage, mesenteiic thrombosis or 
the like aie included m this gioup 

In the group of cases of syphilitic cai diovascular disease theie weie 
patients dying of syphilitic aortic valvulitis with congestive heart failure, 
from occlusion of the ostiums of the coronary aiteiies by syphilitic 
scais and plaques in the aoita, fiom syphilitic aiieuiysm (causing death 
by luptuie and hemonhage or by compression of vital structures) and 
fiom syphilitic myocaiditis The last diagnosis is open to criticism, 
since in only 1 instance, a case of congenital syphilis, weie spiiochetes 
demonstrated in the m)^ocardium The patients whose condition was so 
diagnosed had strongly positive Kolmer and Kahn reactions ante 
moitem and showed inflammatory lesions in the myocardium of a chronic 
nature 

The group of patients with rheumatic heart disease includes those 
dying of active iheumatic carditis and those dying as a result of residual 
seals ill the valves and myocaidium of rheumatic origin ivhich resulted 
m congestive heart failure 

In the group of cases of “inflammatory” heart disease aie included 
those of acute and subacute bacteiial endocarditis, a few cases of severe 
acute myocarditis, cases of tubeiculous peiicarditis, in which death 
apparently resulted from cardiac embariassment rather than from 
tuberculous infection and cases of fatal acute peiicarditis without other 
evidence of vascular disease Cases of syphilitic cai diovascular disease 
and of rheumatic caiditis are not included here Cases of adheient 
peiicaidium of unknown cause are listed under this heading, but when 
the pericarditis could be shown to be tubeiculous in oiigin it was so 
classified 

The group of cases of chionic pulmonaiy disease with heart failure 
includes cases of pulmonary fibrosis from the inhalation of iiiitant dusts 
(particularly asbestos in this locality) and cases of emphysema following 
asthma and other conditions in persons dying of congestive heait failure 
for which no othei cause could be found 

The gioupmg of cases of vitamin deficiency under cai diovascular 
disease is open to question, but each of the childien whose condition 
was so diagnosed apparently died of vascular failure, shoved a large 
heart and had a more or less definite history of vitamin deficiency 
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ETIOLOGIC CLASSIFICATION OF CASES 

The cases of fatal cardiovascular disease are classified m table 1 as 
to etiologic type, lace and sex 

Peiusal of this table leveals seveial notewoithy facts The incidence 
of hypertensive caidiovascular disease is exceedingly high, especially 
in the Negio, being almost twice as common, sex for sex, as in the 
vhite lace Among Negio males it comprises 62 6 per cent of all cases 
of cardiovascular disease, and the incidence is only slightly lower (52 3 
per cent) foi Negio females Among white males hypertensive cardio- 
vascular disease accounts foi 34 per cent of the cardiovascular deaths, 
and among white females, foi 33 3 per cent In white males aiterio- 
scleiosis (without hypertension) is as commonly a cause of death as is 
hypertension, but m Negro males arteriosclerosis accounts for a i datively 
small piopoition of deaths As would be expected from the relatively 


Tabic 2 — Sexual Differences m Incidence of Etiologic Tvpes of Caidio- 

zasculai Disease 



Etiologic Tjpe 

Males, 

Percentage 

Females, 

Percentage 

1 

Congenital heart disease 

60 0 

40 0 

2 

Hypertensive cardiovascular disease 

69 9 

301 

3 

Arteriosclerotic disease 

40 7 

69 S 

4 

Syphilitic cardiovascular disease 

80 6 

19 4 

5 

Rheumatic heart disease 

45 6 

54 5 

6 

“Inflammatory” heart disease 

62 9 

471 

7 

Heart failure due to pulmonary disease 

75 0 

25 0 

S 

Benben heart 

66 7 

33 3 


All tjpos 

66 4 

33 6 


high late of syphilis among Negroes, syphilitic cardiovascular disease 
IS an important cause of death in that race, while m the white race 
It IS much less common 

In table 2 the total number of cases in each etiologic gioup is dis- 
tributed between the sexes The number of cases in gioups, 1, 5, 7 
and 8 is too small for the figures to be significant In the other classifi- 
cations the figures are probably reasonably representative Hyper- 
tensive cardiovascular disease is more than twice as common in the 
male as in the female, and syphilitic cardiovascular disease is four times 
as common in the male Arteiiosd erotic disease is slightly more 
frequent in the female than m the male All types of cardiovascular 
disease combined are twice as common in the male as in the female 

The large group of patients with hypertension (white, 23, Negro, 
266) IS divided further m table 3 as to the actual manner of death 
The average age at death for each group is also included (In the 
Negro race the age given by the patient is frequently unreliable It is 
not uncommon for a gray-haired, edentulous Negro man to give his 
age as 22 This was coirected in so far as possible by comparing the 
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stated age with the estimated age at death If the two agreed within 
a decade, the stated age was taken to be correct, since the limits of 
error of the estimation are rathei wide If the estimated age exceeded 
the stated age by more than a decade, the former was taken to be 
correct ) 

In many cases of hypertensive cardiovascular disease autopsy 
levealed more than one of the factors previously listed Cases of com- 
bined factors are listed under the heading of the condition which seemed 
to have caused the death (i e, rupture or dissection of the aoita took 
precedence over all other classifications , cerebral hemorrhage came next , 
then coronary thrombosis) 


Table 3 — Mamtci of Death tn 289 Cases of Fatal Hypertensive Caidtovascular 

Disease, with Age at Death 



White Patients 
< 

Negro Patients 

All Patients 




Aver 

'' 


Aver 



Aver 



Per 

age 


Per 

age 


Per- 

ago 

Cause of Death 

No 

centage Age 

No 

centage Age 

No 

centage Age 

Uneompheated, uith heart failure 

8 

34 8 

Cl 

07 

3G5 

51 

105 

3G3 

62 

Azotemia * 

7 

30 4 

4C 

C4 

24 1 

44 

71 

24 0 

44 

Dremia * and edema 

2 

87 

13 

22 

83 

41 

24 

83 

41 

Coronary thrombosis 

1 

44 

48 

9 

34 

45 

10 

36 

45 

Cerebral hemorrhage or thrombosis 
Thrombotic gangrene (of extrem 

4 

17 4 

C3 

57 

21 4 

49 

Cl 

21 1 

ro 

ity, etc ) 

Hypertension plus aortic insuffl 

1 

44 

55 

5 

1 9 

61 

G 

21 

tfi 

ciency (usually syphilitic) -with 
heart failure 

0 

0 


9 

34 

41 

0 

31 

41 

Rupture or dissection of aorta 

0 

0 


3 

1 1 

43 

3 

1 0 

43 


23 

1001 

55 

2C0 

1001 

47 

2S9 

100 0 

48 


* Azotemia or uremia, a*! cmplojcd licr“, 'lieniflcs an cIc%ation ol the urea uitroten in the 
blood to 50 mg per hundred cubic centimeters or above, or of the creatinine to 5 mg per bun 
dred cubic centimeters or above, together uith other ctidcnccs of uremia (clinical and at 
autopsy) 


It is worthy of note in this table that wdnle the incidence of hyper- 
tensive caidiovascular disease is much gieatei m the Negio than in 
the white gioup, the mannei of death for the twm groups is about the 
same The high incidence of uiemia as a mannei of death is shown 
In each group it can be noted that the Negio died at an earliei age than 
did the ivhite man It is especially noteivorthy that the Negio died 
of apoplex}^ associated with h 3 fpertension, sixteen years earlier than 
the wdiite man 

That aortic insufficiency and hypei tension ma}'' occui together in 
the same case has received scant notice in the hteratuie In such cases 
the diastolic piessure may fall below the level geneially taken to indicate 
hjpertension, but the systolic piessure tends to remain high The 
average of the highest systolic blood pressures recorded m these cases 
was 205 mm , that of the highest diastolic blood pressures, 100 mm 
In almost all these cases the condition was diagnosed clinically as aortic 
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insufficiency due to syphilis, although in some it was diagnosed as hyper- 
tensive caidiovasculai disease when the murmuis in the aortic area 
weie not chaiacteiistic In 7 of the 9 cases in which aoitic insufficiency 
was associated with hypertension, the insufficiency was due to syphilitic 
scan mg of the aoitic valves and comniissuies In the othei 2 cases 
It appeared that theie had been an incomplete tiansverse rupture of the 
aorta just above the commissures of the aortic valve, similar to the 
intimal lupture that occurs m dissecting aneuiysm, the active process 
of rupture had healed, leaving a shthke gap m the aortic wall, covered 
by endothelium, which permitted the aortic cusps to fall back into the 
ventiicle dm mg diastole In both these cases there were the typical 
aoitic diastolic niuimui of aortic insufficiency and the wide pulse 
piessuie that goes with that condition One of these patients, several 
months befoie his admission to the hospital, had suffered severe sub- 

Table 4 — Mannci of DcMh xn 54 Cases of Fata^ Ai texiosclexotxc Disease 
(Without Evidence of Hypex tension), with Age at Death 


White Patients Negro Patients All Patients 

- - - A . A 


Cause of Death 

t 

^0 

A 

Per 

centage 

Aver- 

age 

Age 

— 

No 

A 

Aver- 
Per age 
centage Age 

No 

Per 

centage 

Aver 

age 

Age 

Generalized arteriosclerosis (with 
out hypertension} as a cause of 
death 

9 

40 9 

73 

12 

37 5 

07 

21 

38 9 

70 

Coronary thrombosis without hy 
pertension 

8 

30 4 

59 

4 

12 5 

05 

12 

22 2 

01 

Other vascular accident without 
hypertension 

5 

22 7 

59 

10 

50 0 

60 

21 

38 9 

57 


22 

100 0 

65 

32 

100 0 

01 

54 

100 0 

63 


sternal pain This had subsequently disappeared, although the cardiac 
failure, as manifested by edema, did not occur until a day or so after 
the pain This pain may well have been the time at which the short 
dissection (if we may call it that) occurred 

It IS interesting to note that the incidence of syphihtc aortic insuf- 
ficiency for the total group of hypertensive patients was 2 06 per cent , 
for the whole autopsy group it was 2 23 per cent 

The group of 54 cases of fatal arteriosclerotic disease (22 white 
persons, 32 Negroes) is subdivided in table 4 according to the manner 
of death It can be seen that coronary thrombosis without hypertension 
IS relatively rare m the Negro, but that other vascular accidents are 
extremly common In the whole senes of cases of fatal cardiovascular 
diseases, hypertensive and nonhypertensive, there were 13 cases (2 9 
per cent) of coronary thrombosis in the Negro and 9 cases (13 2 pei 
cent ) m the white In two thirds of the cases of coronary thrombosis 
among Negroes the condition was associated with evidence of hypei- 
tension, but in only one ninth of those m the white group was the dis- 
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ease thought to be associated with hypertension Likewise, m the whole 
group of cases of fatal cardiovasculai disease death was from vascular 
accident other than coronary m 10 cases (14 7 per cent) of the white 
group and in 81 cases (18 per cent) of the Negro group (Cerebral 
hemorrhages due to tumor of the brain, congenital aneurysms and the 
like are not included ) In the white group half of the vascular accidents 
other than coronaiy occuried without evidence of hypertension at the 
time of death, but in the Negroes more than 80 per cent of the vascular 
accidents other than coronary occuired with evidence of hypertension 
Most of the cases of “vascular accident” listed here were instances of 
cerebral hemorrhage or thrombosis This accident seems to occur in 
the Negio more than ten years earlier than m the white person 

Syphilitic cardiovascular disease was the cause of death m 67 
patients , 64 of these were Negroes and 3 white persons The cases are 


Table 5 — Manna of Death tn 67 Cases of Fatal Syphihttc Cat dtovasculai 

Disease, with Age at Death 



White Patients 

Negro Patients 

All Patients 




Aver 



Aver 



Aier 



Per 

age 


Per 

nco 


Per 

age 

Cause ol DeatU 

No 

contage Age 

No 

centage Age 

No 

centage Age 

Syphilitic aortic InsufDclency ■nith 










heart failure 

0 

0 


20 

45 3 

39 

29 

43 3 

39 

Narrowing of coronary ostiums by 










syphilitic plaques In the aorta 

2 

607 

42 

0 

141 

45 

11 

10 4 

44 

fatal syphilitic aneurysm of any 










vessel 

1 

333 

45 

21 

32 8 

43 

22 

32 8 

43 

Syphilitic mjocarditis 

0 

0 


5 

78 

28 

5 

75 

28 


3 

100 0 

43 

04 

100 0 

40 

07 

100 0 

40 


subdivided m table 5 accoiding to the manner of death (Frequently 
two or more of these conditions Avere combined in a single case If 
so, the case has been listed undei the condition thought most likely 
to be the cause of death , thus, a ruptuied aneurysm took first preference, 
syphilitic narrowing of the coronaiy ostiums second and syphilitic aortic 
insufficiency third ) 

It IS obvious that the numbei of cases of syphilitic cardiovascular 
disease in the white race is too small for any interpi etation to be placed 
on their distribution among groups In the Negroes syphilitic aortic 
valvulitis, with insufficiency and congestive heart failure, was the com- 
monest cause of death, although aneurysm was fiequently an important 
factor In the few cases of syphilitic narrowing of the coronary ostiums 
which were encountered, death was usually sudden, occurring particu- 
larly during exeition or emotional strain, and unless the lesion was 
associated with insufficiency of the aortic valve, there was usually no 
evidence of edema A great many cases of uncomplicated syphilitic 
aortitis were encountered in this series, but in none was it the cause 
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of death Wilson ^ studied the cases of syphilitic aortitis in this service 
dm mg the peiiod covered by this study and has reported on them 
Rheumatic heart disease "was the cause of death m 22 cases, 5 of 
the patients were white and 17 Negroes, with the distribution shown 
m table 6 Rheumatic heart disease is relatively rare m Charleston, 
although the incidence vanes somewhat from year to year The 
number of cases is about evenly divived between patients dying during 

Table 6 — Mannei of Death m 22 Cases of Fatal Rhemnatic Cai diovascMai 

Disease, wtfh Age at Death 


Cause of Death 

Active rheumatic carditis 
Rheumatic sequelae vith heart 
failure 


White Ratients Kegro Patients All Patients 

A A -- A 


t 


Aver- 


1 

— 1 
Aver- 

7 


"S 

Aver 


Per 

age 


Per- 

age 


Per 

age 

No 

centage Age 

No 

centage Age 

No 

centage Age 

2 

40 

11 

9 

52 9 

20 

11 

50 

18 

3 

60 

54 

8 

47 0 

26 

11 

50 

34 

5 

100 

37 

17 

99 9 

23 

22 

100 

26 


Table 7 — Mannei of Death m 70 Cases of Fatal “Inflammatoiy” Cai diovascular 
Disease (Noniheimatic, Nontubet cnlons), zt/iih Age at Death 


White Patients Negro Patients All Patients 

I * ^/ * \r ■' > 

Aver- Aver- Aver- 

Per age Per age Per age 


Cause of Death 

No 

centage Age 

No 

centage Age 

No 

centage Age 

Acute bacterial endocarditis 

6 

46 2 

48 

11 

19 3 

43 

17 

24 3 

46 

Subacute bacterial endocarditis 

2 

15 4 

20 

2 

35 

35 

4 

57 

27 

Acute myocarditis 

1 

77 

75 

9 

15 8 

33 

10 

14 3 

37 

Tuberculous pericarditis 

0 

0 


18 

316 

37 

18 

25 7 

37 

Acute pericarditis (nonrheumatic, 
nontuberculous) 

3 

231 

36 

13 

22 8 

26 

16 

22 9 

28 

Adhesive pericarditis 

1 

77 

65 

3 

53 

45 

4 

67 

50 

Chronic myocarditis* 

0 

0 


1 

1 8 

35 

1 

14 

So 


13 

1001 

44 

57 

1001 

35 

70 

100 0 

37 


*A case of chronic inflammatorj disease of the mjocardium of unknown or gin, appar 
ently not syphilitie 


the active stage of inflammation of the heait and those dying as a result 
of residual effects (usually mitral stenosis) Although our total number 
of cases is small, and therefore not be representative, the process 
seems to affect the white race relatively more than the Negro 

The group of "inflammatory” heart disease (nonrheumatic and non- 
syphilitic) comprised 70 cases, 13 of white persons and 57 of Negroes 
They are classified m table 7 

1 Wilson, R , Jr Studies in Syphilitic Cardiovascular Disease I Uncom- 
plicated Syphilitic Aortitis, an Asymptomatic Condition, Am J M Sc 194 178 
1937 
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It can be seen that tuberculosis of the pericardium was not the 
cause of a single death from heart failuie m the white group, but was 
a relatively common cause of death in the Negro group This corre- 
sponds with the much higher incidence of tubeiculous infection in the 
Negro than in the white population in this region Even when allowance 
IS made for the difference in the total number of cases in the two races 
due to the high incidence of tuberculous pericarditis, it seems that acute 
and subacute bacterial endocarditis are more common in the white than 
in the Negro race No obvious explanation for this is apparent, it ma} 
reflect merely the greatei interest of the resident staff in securing 
autopsies on that group of the white patients, while in the cases of 
cardiovascular disease that seemed to he of less interest clinically per- 


Table 8 — Relative Incidence of the Vanoits Types of Cai dtovasculai Disease 
Causing Death by Heart Failure 



White Patients 

Negro Patients 

All Patients 

Cause of Death 

No 

Percentage 

No 

Percentage No 

Percentage 

Congenital heart disease 

1 

37 

4 

1 S 

5 

20 

Hypertensive cardiovascular disease 

9 

33 3 

119 

531 

128 

510 

Hypertensive disease plus valvular dis 
case 

1 

37 

10 

4 5 

11 

44 

Hjpertensive disease plus coronarj 
thrombosis 

1 

37 

9 

40 

10 

40 

Coronary thrombosis, without hjperten 
Sion 

S 

29 C 

4 

18 

12 

48 

Syphi itic aortic msuffloiency 

0 

0 

29 

12 9 

29 

116 

Syphiht c narrowing of coronarj ostiums 

2 

74 

9 

40 

U 

44 

Syphilitic myocarditis 

0 

0 

5 

22 

5 

20 

Rheumatic heart disease (residual effects) 

3 

11 1 

7 

31 

10 

40 

Tuberculous pericarditis 

0 

0 

18 

80 

18 

72 

Adhesive pericarditis 

1 

37 

3 

13 

4 

10 

Chronic pulmonary disease with heart 
failure 

1 

37 

7 

31 

8 

32 

Total no 

27 

99 9 

224 

99 8 

251 

100 2 


mission for autopsy was not urged The higher peicentage of autopsies 
among the Negroes than among the white patients m the eailiei part of 
the period covered by this study has already been alluded to 

In table 8 we have listed all cases of death from heart failure, with- 
out acute infectious disease, under the headings of the various etiologic 
factors The great importance of hypertension as a cause of con- 
gestive failuie m this locality is shown, especially in the Negro In the 
white race coronary thrombosis (when the cases of hypertensive and 
those of nonh 3 'pertensive coronary thrombosis are combined) equals 
hypertensive cardiovascular disease in importance, in the Negro coro- 
nary thrombosis is relatively uncommon Syphilitic cardiovascular dis- 
ease causes heart failure more than twice as often in the Negro as in 
the white race No case of syphilitic aortic valvulitis with insufficiency 
was encountered in the series of autopsies on white patients Rheumatic 
heart disease seems to be more frequently a cause of congestive failure 
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in the white than in the Negio group, but the numbei of cases is too 
small foi the conclusion to be definite 

Table 8 can be conipaied with tables piepaied by authois in other 
localities, in which the lelative incidence of the vaiious types of heart 
disease is gnen Such compaiison must be made with great caution, 
how e\ ei , since many f actoi s are involved Most of the studies available 
foi compaiison aie clinical, and relatively few autopsy data can be found 
in the liteiaturc The economic status of the patient, the nature of the 
caidiac seivice fiom which the lesults w'eie leported and racial factors 
aie onl) some of the many f actoi s that must be consideied in making 
compaiisons In compaiing autops}' statistics on the subject, the autopsy 
late in the hospitals concerned and the criteria foi diagnosis are 
iinpoitant It is cspeciall} impoilant to know wdiethei cases of sudden 
death aie included, as in the cases commonl} examined by a medical 
examiner oi coioner 

Suffice It to say at this point that the incidence of hypertensive car- 
dioiasculai disease has been showm to be high, especially in the Negro, 
in studies from Texas.- Georgia,’ Tennessee,’ the District of Columbia” 
and San Francisco ' In New' England,' New' Yoik city ® and the Rocky 
]\Iountam icgion” rheumatic heait disease is of i datively moie impor- 
tance than IS hypertensive disease Whether this means that hyperten- 
sive caidiovasculai disease in these areas is actually less fiequent in 
the population than it is m the Southern aieas, oi wdiether the high 
incidence of rheumatic heait disease (which is knowm to be regional in 

2 Stone, C T , and Vanrant, F R Heart Disease as Seen in a Southern 
Clinic A Clinical and Pathological Sur\c 3 , J A M A 89 1473 (Oct 29) 1927 
Schwab, E H, and Schulze, V E The Incidence of Heart Disease and of the 
Etiological Tjpes in a Southern Dispensary, Am Heait J 7 223, 1931 

3 Davison, H M , and Thoroughman, J C A Study of Heart Disease in 
the Negro Race, South M J 21 464, 1928 

4 Law's, C L The Etiology of Heart Disease in Whites and Negroes in 
Tennessee, Am Heart J 8 608, 1933 

5 Gager, L T, and Dunn, W L Heart Disease in Washington, DC A 
Study of Etiologic Types and the Factors of Race, Age and Sex m One Thousand 
and Tw'o Hundred Cases, M Ann District of Columbia 2 112, 1933 Hedley, O F 
A Study of Four Flundred and Fifty Fatal Cases of Heart Disease Occurring in 
Washington (DC) Hospitals During 1932, with Special Reference to Etiology, 
Race and Sex, Pub Health Rep 50 1127, 1935 

6 Geiger, J C , Sampson, J J , Miller, R C , and Gray, J P A Survey of 
Heart Disease Morbidity in San Francisco, Am Heart J 12 137, 1936 

7 White, P D, and Jones, T D Heait Disease and Disoiders in New 
England, Am Heart J 3 302, 1928 

8 Wyckoff, J , and Lingg, C Statistical Studies Bearing on Problems of 
Classification of Heart Disease II Etiology in Organic Heart Disease, Am 
Heart J 1.446, 1926 

9 Viko, L E Heart Disease in the Rocky Mountain Region, Am Heart J 
6 264, 1930 
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its distribution in the United States) so swells the total of all types of 
vascular disease that hypertension is given a less important place m 
statistical studies based on relative, not actual, incidence is a question 
which must await further studies Figures available from the registra- 
tion area of the United States are of little value in solving the question, 
since they are based on anatomic rather than etiologic diagnoses The 
need for revision of the classification of cardiac diseases in the “Manual 
of the International List of Causes of Death” has been pointed out 
by Hedley 

ETIOLOGIC FACTORS IN THE SERIES OE CASES OF HYPERTENSION 

An effort Avas made to ascertain the cause of the hypertension in 
each of the 289 cases of hypei tensive cardiovascular disease Little 
satisfaction was derived from this study because of the variation in the 

Table 9 — Relative Incidence of Etiologic (^) Factois in Cases of Hypn tensive 

Cai dtozmsculai Dicea^e 



U lute Patients 

A 

Negro Patients 

A 

All Patients 

_ A 

Etiologic Eactor 

No 

\ 

Percentage 

No 

A/ 

Percentage No 

Percentage 

Arteriolar nephrosclerosis 

18 

78 2 

229 

SCI 

247 

83 5 

Acute glomerulonephritis 

0 

0 

3 

1 1 

3 

1 0 

Subacute glomerulonephritis 

2 

87 

1 

04 

3 

10 

Chronic glomerulonephritis 

0 

0 

20 

75 

20 

09 

Pyelonephritis 

2 

87 

7 

26 

9 

31 

Congenital abnormalities 

0 

0 

2 

08 

2 

07 

Thyrotoxicosis 

0 

0 

1 

04 

1 

03 

Pituitary tumor 

1 

48 

1 

04 

2 

07 

Eclampsia 

0 

0 

2 

08 

2 

07 

Total no 

23 

99 9 

2GC 

100 1 

289 

99 9 


terminology used by different pathologists during the ten year peiiod 
In the earlier part of the period covered by this report, many of the 
cases of hypertensive cardiovascular disease were listed, after histologic 
study of the kidneys, as instances of “chronic glomerulai nephritis,” 
while in more recent years in most of the cases the condition has been 
diagnosed as “nephrosclerosis” or “arteriolar sclerosis of the kidneys ” 
Some of the older slides were reviewed in an attempt to reclassify the 
group, but in many cases it was impossible to decide between chronic 
glomerular nephritis and arteriolosclerosis of the kidneys One can 
haidly avoid the conclusion that any attempt to differentiate between the 
two, at least in the later stages, is pointless, either from a clinical or 
from a pathologic point of view This is especially true if one admits 
the incompleteness of knowledge of the early phases of arteriolosclerosis 
in the kidney and lack of knowledge of its cause Table 9, indicating 

10 Manual of the International List of Causes of Death, ed 4, United States 
Department of Commerce, Bureau of the Census, 1929 

11 Hedley, O F Studies of Heart Disease Mortality, Public Health Bulletin 
231, United States Treasury Department, Public Health Service, 1936 
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the lelative incidence of the factois thought to be etiologic, in the light of 
piesent day ignorance of the mattei, is piesented for what it may be 
worth 

Readeis may wondei why many of the afoiementioned gioups aie 
listed Since all may be associated with clinical hypertension, with 
hypeitiophy of the heait and with conti acted kidneys, and may cause 
death m the same ways, theie seems to be little reason for excluding 
them Many cases of acute, subacute and chronic disease of the kidney, 
of pyelonephi itis and of eclampsia m our autopsy recoids are not 
included m this study at all, since m these instances the criteria for- 
mulated m an earlier part of this papei were not met 

Nme of the 20 patients with chronic glomerulonephritis died of 
uiemia Then average age was 36 yeais, which is 8 years younger than 
the aveiage age for the group with azotemia as a whole 

It IS commonly taught that the subacute stage of glomerulonephritis 
IS not associated with hypertension In the 3 cases listed here the usual 
cnteiia foi the histologic diagnosis of the subacute phase (most of the 
glomeiuh showing prohfeiative changes and “epithelial crescents”) 
weie met, and at the same time the criteria used here for the diagnosis 
of hypertensive disease were satisfied 

In only 1 of the 2 cases of pituitary tumoi associated with hyper- 
tension was the growth of the basophilic type The other was a chromo- 
phobe adenoma Whether the hypertension in the second case was a 
result of the tumor or whether the two conditions represented completely 
independent entities is a question 

ANNUAL AND SEASONAL VARIATIONS 

Since several observers have noted a pronounced difference m the 
blood pressure aveiages for large groups of supposedly normal persons, 
examined undei the same circumstances, in different years, the cases 
of hypertensive disease were divided into gioups according to years, 
and a chart was prepared showing the number of deaths from hyper- 
tension m each yeai as the peicentages of all cardiovascular deaths 
and as the percentages of all autopsies The results are shown m chait 1 
During the period covered by this study, deaths from hypertensive 
cardiovascular disease have tended to occur in definite cycles, no matter 
whether deaths from hypertension are compared with the total number 
of cardiovascular deaths (curve 1) or with the total number of autopsies 
(curve 2) Furthermore, a division of patients dying of hypertension 

12 Alvarez, W C , Wulzen, R, and Mahoney, L J Blood Pressuies in 
Fifteen Thousand University Freshmen, Arch Int Med 32 17 (July) 1923 
Goepp, R M Blood Pressure as a Prognostic Factor, Pennsylvania M J 22 
295, 1919 Symonds, B The Blood Pressure of Healthy Men and Women 
J A M A 80 232 (Jan 27) 1923 



984 


ARCHIVES OF INTERNAL MEDICINE 


into patients dying of uremia and heart failure combined (curve 3) and 
those dying of vascular accident (curve 5) shows in general the same 
configuration when expressed as percentages of the total autopsy group 
Curve 4, showing deaths from nonhypertensive cardiovascular diseases 
expressed as percentages of all autopsies, also indicates variations from 
3 'ear to year 

As a test of the significance of the oscillations in these curves, the 
low point m 1928 and the peak m 1930 in curve 2 were taken It was 
found that the difference m percentages in the two instances was statis- 
tically significant, and that chance could bring about the difference 
between peak and valle}' m less than 1 per cent of such investigations 
(as P IS less than 1 per cent) 

A similar investigation of the oscillations in Cuives 1 and 3 shows 
that the difference between peak and valley is not beyond the limit of 
chance, but since the oscillations m curve 2 are statistically significant 
and since the othei curves show m general the same variations and 
aie based on the same cases, it seems leasonable to conclude that deaths 
from hypertensive cardiovascular disease in Charleston, S C vary 
greatly from year to year and that the variation is not due to chance 
The importance of this observation is apparent If it could be confirmed 
by similar studies from other areas, or by an analysis by years of the 
number of new cases of hypertension seen in various clinics, it might 
serve as a clue to the factors in a disease which ranks among the chief 
causes of death m the United States and m the world 

Curve 4j showing nonhypertensive cardiovascular deaths, was also 
studied, the valley m 1934 being compared with the peak in 1935 This 
investigation showed that the difference between the two years is 
statistically significant During 1935 the number of deaths from 
syphilitic cardiovascular disease was particularly increased 

13 In the formula S x "= + , S is the standard 

deviation of the difference between the two percentages, expressed m decimals , 
ni is the total number of autopsies (176) performed in 1928, n: is the total number 
of autopsies (184) performed m 1930, fi is the percentage of occurrences of deaths 
from hypertension in 1928, expressed as a decimal (0 102), and fi is the corre- 
sponding figure for 1930, expressed as a decimal (0217) The difference (f: — fi), 
or Oils, IS divided by its standard deviation (0 038), and the quotient (3 03) is 
checked in the table of the distribution of “t” 

14 Since there was no unusual concentration b}’- the hospital staff on h}'per- 
tensive disease during the period covered by these studies, it seems likely that the 
autopsy figures represent faithfully the trend m the total number of deaths 
Furthermore, since the changes in the intern staff in the Roper Hospital are made 
in July of each year, the difference in the diligence of various intern groups in 
securing autopsies would be insignificant in statistics based on the calendar year 
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Similarl}, the total nunibei of deaths from cardiovasculai disease 
in general and from hypertensive cardiovasculai disease in particulai 
were subdivided according to the season of the year m which death 
occur led and weie compaied with the total number of autopsies per- 
formed in that season Spiing was considered as extending from 
March 1 thiough May, summer fiom June 1 through August, fall from 
Septembei 1 through November and winter from December 1 through 



Chart 1 — Annual variations in number of deaths from hypertensne cardio 
vascular disease 

Curve 1 shows deaths from hypertension, expressed as percentages of all 
cardio\ ascular deaths , curve 2, deaths from hypertension, expressed as percentages 
of all autopsies , curve 3, deaths from uremia and heart failure due to hypertension, 
expressed as percentages of all autopsies, curve 4, deaths from all nonhypertensive 
cardiovascular diseases combined, expressed as percentages of all autopsies, and 
curve 5, deaths fiom vascular accidents due to hypertension, expiessed as per- 
centages of all autopsies 

February The total number of autopsies performed m the spring 
months was 551 and included 69 cases m which death was from hyper- 
tensive disease , m the summei months there were 489 autopsies, with 
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65 cases of death from hypertensive disease , in the fall there were 461 
autopsies, with 74 cases of death from hypertensive disease, and in the 
winter there were 505 autopsies, with 72 cases of death from hyper- 
tensive disease The results of the analysis are illustrated graphically 
m chart 2 Here, curve 1 shows the number of deaths from hyper- 
tension, expressed as percentages of the total number of deaths from 
all cardiovascular diseases, curve 2 shows deaths from hypertension, 
expressed as percentages of the total number of autopsies, curve 3 



Chart 2 — Seasonal \aiiations in number of deaths from hypei tensive cardio- 
vascular disease 

Curve 1, deaths from hypertension, expressed as percentages of all cardio- 
vascular deaths , curve 2, deaths from hypertension, expressed as percentages of 
all autopsies, curve 3, deaths from all nonhypei tensive cardiovascular diseases 
combined, expressed as percentages of all autopsies, curve 4, deaths from uremia 
and heart failure due to hypertension, expressed as percentages of all autopsies, 
and curve 5, deaths from vascular accidents due to hypertension, expressed as per- 
centages of all autopsies 

shows deaths from cardiovascular diseases not of hypertensive origin, 
expressed as percentages of all autopsies, curves 4 and 5 show a divi- 
sion of deaths from hypertension into those from uremia and heart 




P EERY-L AN GS AM— CARDIOVASCULAR DISEASE 


987 


failuie combined (curve 4 ) and those from vascular accidents (curve 5), 
in each instance expressed as percentages of all autopsies The curves 
show a modeiate rise m the number of deaths from hypertension in 
the fall, whereas the deaths from nonhypertensive cardiovascular disease 
weie lelatively more numerous m the winter months Analysis of these 
figures shows that the variations are not beyond the margin of error 
The fact that they aie not does not mean that the variations are of no 
significance Similar investigations from other sources would be of 
interest 

At present we are not prepared to draw conclusions from these 
graphs An investigation of possibl}'- related factors will be undertaken 
at an early date 

SUMMARY 

In a series of 2,066 consecutive autopsies performed m Chaileston, 
S C , all cases m which death was f i om cai diovascular disease have 
been studied, using the clinical i ecord, the autopsy protocol and, m many 
instances, the micioscopic slides These cases were then classified 
according to etiologic factors Hypei tensive cardiovascular disease was 
the etiologic factor m more than half the cases When only cases of 
congestive heart failure were studied, it was noted that hypei tensive 
cardiovascular disease again moie than equaled all other etiologic types 
of heart disease combined The incidence of hypertension was particu- 
larly high m the Negio race, and especially in the Negro male While 
hypertension was common m the white lace also, arteriosclei otic disease 
(without hypei tension) was almost as fiequently a cause of death 
Syphilitic cardiovasculai disease was seldom encountered m the white 
patients m this series 

Each etiologic gioup of cases of vascular disease was further divided 
according to the manner of death, and the average age at death was 
shown In almost every categoiy the Negro died earlier of vascular 
disease than did the white patient 

Coronal y thiombosis, either with or without hypertension, was 
seldom encountered m the Negro, but m the white gioup it was common 

An attempt to classify the cases of hypertensive cardiovascular dis- 
ease according to the factors bringing about hypertension met with little 
success 

The annual variations m deaths fiom hypertensive cardiovascular 
disease m this locality was studied, and the oscillations m the giaph 
were shown to be greatei than would be expected if chance alone were 
the important factor This offers a lead foi consideration m attempts 
to learn the cause of hypertensive disease 

Seasonal vaiiations in deaths from hypertensive diseases were also 
shown, but these vaiiations could be accounted for by chance error 



BLOOD “GUANIDINE” 


FURTHER OBSER\ATIONS 

RALPH H MAJOR, MD 
C J WEBER, MD, Pii D 

AND 

M J RUMOLD, MD 

KANSAS CIT\, KAN 

In a recent aiticle,^ one of us (R H M ) piesented the lesults 
of estimations of the “guanidine” content of the blood of 800 patients 
with aiterial hypertension An increase in blood “guanidine” was found 
in 32 pel cent of h3''pei tensive persons with normal a alues foi nonprotein 
mtiogen in the blood and in a higher percentage of patients with nitio- 
gen retention These obseivations have led directly to the following 
study, in which we have investigated the association in animals between 
high values for blood “guanidine” and the blood piessure and have also 
studied fuithei the pioperties of the substance in the blood which with 
certain reagents gives a coloi like that of guanidine dei natives and which 
we have referied to as “guanidine ” 

Estimations of the blood piessuie in these experiments weie earned 
out b)« the palpatoi)'’ method on carotid loops, a method peimitting 
estimation only of the systolic piessuie Seveial difterent expeiimental 
procedures were employed , all caused renal insufficiency, some with 
and some without elevation in the blood piessuie In the fiist 3 experi- 
ments an aiteriovenous fistula between the renal arteiy and the lenal 
vein \\as foimed and the remaining kidney lemoved at that time or 
latei This piocedure in three instances produced maiked elevation in 
blood pressuie with lenal insufficiency 

EXPERIMENTS 

Experiment 1 — A dog weighing 12 1 Kg was used The blood pressure 
from Nov 9 to No\ 14, 1938 varied from 80 to 120 

On November 14 an arteriovenous fistula of the left renal artery and vein 
was created The following observations were made 

From the Hixon Laborator} of Medical Research, the University of Kansas 
School of Medicine 

1 Major, R H Blood “Guanidine” in Arterial Hvpertension, Arch Int 
Med 62 946-948 (Dec ) 1938 
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Date Blood Pressure 

Nouprotein 

Nitrogen 

11/15/38 

95 

31 

11/16/38 

no 

25 7 

11/16/38 to 

100 to 


11/25/38 

125 

41 

11/25/38 

110 

11/26/38 

175 

71 

11/27/38 

185 

127 

11/28/38 

130 

174 

11/29/38 

165 

193 

11/30/38 

165 

259 

12/ 1/38 

165 

305 

12/ 2/38 




Creatinine 

“Guanidine” 

Comment 

14 

0 21 


14 

0 21 


15 

022 

Right kidney 

38 

0 24 

removed 

113 

0 58 


16 3 

0 87 

Severe vomiting 

181 

104 


222 

146 


23 9 

0 88 

No urine voided 


since 11/25 
Animal found dead 


Experiment 2 — A dog weighing 15 4 Kg was used An arteriovenous fistula 
of the right renal artery and vein was produced on Sept 22, 1938 The blood 
pressure from September 22 to November 17 varied from 55 to 130 The following 
data were obtained 


Nonprotein 


Date 

Blood Pressure 

Nitrogen 

Creatinine 

“Guanidine” 

Comment 

10/17/38 

65 

23 

1 4 

02 

Left kidney 

10/18/38 

125 

48 

35 

0 39 

removed 

10/19/38 

135 





10/20/38 

90 





10/21/38 

no 





10/22/38 

150 

142 

16 

1 13 


10/24/38 

170 

272 

215 

1 15 


10/25/38 

140 

321 

27 7 

196 


10/26/38 

10/27/38 

100 

300 

276 

203 

Dog found dead 

Experiment 3 — A dog weighing 14 7 Kg was 

used The following data were 

obtained 


Nonprotem 




Date 

Blood Pressure 

Nitrogen 

Creatinine 

“Guanidine” 

Comment 

11/10/38 

140 





11/11/38 

135 





11/12/38 

130 





11/13/38 

145 





11/14/38 

125 

32 

14 

018 


An arteriovenous fistula was made 

in the left renal artery and vein The right 

kidney was removed The following additional data were obtained 



Nonprotein 




Date 

Blood Pressure 

Nitrogen 

Creatinine 

“Guanidine” 

Comment 

11/15/38 

170 

88 

56 

06 


11/16/38 

170 

157 

96 

14 


11/17/38 

11/18/38 

190 

250 

121 

123 

Dog found dead 


In summaiy, the lesults of these 3 expeiiments show that in each 
instance there was a marked rise in systolic blood piessuie accompanied 
by retention of nitrogen and a great increase in the “guanidine” content 
of the blood 

In the following expeiiment one kidney was removed and a Gold- 
blatt clamp placed on the vein of the other kidiie)- The piotocol is as 
follows 
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Experiment 4 — A dog weighing 11 65 Kg was used The following data were 
obtained 




Nonprotein 




Date Blood Pressure 

Nitrogen 

Creatinine 

“Guanidine” 

Comment 

12/12/38 

115 





12/13/38 

80 

22 8 

12 

04 

Right nephrectomy , 






clamp on left 

12/14/38 

70 

70 

32 

05 

renal vein 

12/15/38 

12/16/38 

95 

147 

6 

1 143 

Dog found dead 

In this experiment there was no increase in the systolic blood pressure, although 

there were 

marked retention of nitrogen and a 

gieat increase 

m the “guanidine” 

content of the blood 





In the 

2 followin 

g experiments both 

kidneys weie leinoved and 

the effect 

upon the blood pressure and the “guanidine 

content of the 

blood noted 





Experiment 5 — A dog weighing 

12 7 Kg 

was used The left kidney was 

removed Dec 20, 1938 







Nonprotem 




Date Blood Pressure 

Nitrogen 

Creatinine 

“Guanidine ’ 

Comment 

12/30/38 

80 





12/31/38 

75 





1/ 3/39 

100 

42 

2 1 

019 

Right kidney 

1/ 4/39 

70 

779 

36 

0 87 

removed 

1/ 5/39 

90 

150 

96 

0 92 


1/ 6/39 

130 

194 

12 

0 82 


1/ 7/39 

135 

220 

20 

1 34 


1/ 9/39 

135 

289 

25 

1 54 


1/10/39 

90 

306 

26 

1 36 


1/11/39 

no 

325 

27 7 

216 


1/12/39 

1/13/39 

125 

375 

32 7 

2 08 

Dog died 


Experiment 6 — A dog weighing 9 8 Kg nas used The dog was operated on 
April 30, 1936, at which time both renal arteries weic partial!}^ constricted mth 
Goldblatt clamps The blood pressuie was cleiated fiom April 30 to July 17, 
varjing fiom 190 to 270 millimeters of meicur} The range of blood pressure 
from December 8 until Dec 20, 1938, was I'O to 180 millimeters ot mercurj The 
following data weie ob'ained 


Nonpi oteni 


Date 

Blood Pressui e 

Nitrogen 

Creatinine 

“Guanidine ’ 

12/20/38 

160 

26 

1 3 

0 54 

12/21/38 

110 

22 

13 

0 67 

12/22/38 

160 

22 

1 3 

0 24 

12/23/38 

150 

18 5 

1 2 

0174 

12/25/38 

160 




12/30/38 

170 




12/31/38 

195 

21 

1 2 

0197 

1/ 3/39 

165 

26 

16 

0183 

1/ 4/39 

110 

76 9 

29 

0 87 

1/ 5/39 
1/ 6/39 

115 

146 

64 

0 87 


Comment 

Left kidney 
removed 


Right kidney 
removed 


Dog died 
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Expel rnient 6 was especially interesting, since the animal had ele- 
vation of blood pressuie for more than two years and showed definite 
hypei tension at the beginning of the expeiiment After lemovai of 
both kidneys, although the “guanidine” content of the blood inci eased 
rapidly, the blood pressure actually fell lower than it had been m two 
yeais 

In expel iments 4 and 5 theie was a marked increase in the “guani- 
dine” content of the blood without any elevation in blood piessuie 

We have also attempted to establish the identity of the substance in 
the blood which we have provisionally designated as “guanidine ” This 
problem was studied by pioducmg severe “uranium nephritis” with 
renal insufficiency in dogs After the values for creatinine and 
“guanidine” had become very high, the dogs were killed and the entiie 
amount of blood was removed In all, 20 dogs were employed , approxi- 
mately 25 liters of blood was obtained, from ivhich 150 liteis of fil- 
trate was studied The nephiitis was produced by giving the animals 
uranium nitrate m doses of 20 mg per kilogram of body weight The 
dogs when killed showed values foi blood creatinine varying from 15 
to 16 mg pel bundled cubic centimeters 

In an attempt to isolate the “guanidine,” we have employed tungstic 
acid filtrates of blood fiom dogs in the last stages of “uranium neph- 
ritis ” These filtiates weie extracted wuth Lloyd’s reagent and an 
eluate prepared from it, by means of a saturated barium hydroxide 
solution We have found that “guanidine” is precipitated from these 
eluates by phosphotungstic acid or by tnmtiophenol The pi ecipitation 
IS more complete with trinitrophenol if potassium chloiide is also added 
Thus fai we have been unable to separate it from creatinine 

The similarity of the color given by these more concentrated solu- 
tions with the feriic}anide-nitropiusside reagent to that given by a 
solution of glycocyamidme is striking In fact, it is difficult to compare 
this color in the colorimeter with that of any of the guanidine bases 
or then derivatives (such as arginine, glycocyamme or creatinine; 
except glycocyamidme This similarity in color value is present with 
all concentrations 

We found m previous work that norit (a prepared charcoal) and 
Lloyd’s reagent (a specially prepared siliceous eaith) would absorb 
simple guanidine bases fiom the aqueous solutions and that these bases 
are readily released from norit by means of acid alcohol, an average 
of 80 to 90 pel cent of guanidine bases being released aftei this tieat- 
inent We have also found that the simple guanidine bases are leleased 
from Lloyd’s reagent by means of barium hydi oxide solution only to 
the extent of approximately 30 per cent of the absorbed amount We 
have theiefore compared the amount released from norit and Lloyd’s 
reagent extracts of the tungstic acid filtrates of dog blood, acid alcohol 
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being employed to produce lelease from nont and baiium h} dioxide 
to produce lelease from Llo}d’s leagent (table) 


Companson of the Color Values of Nont and Lloyd’s Reagent Exiiact zmth Use 
■of ihe Alkaline hht) oprnsside Fen icyamde Reagent (Meilnlgnantdtnc 
Employed as Standard) 



Guanidine 

Guanidine 





Bases with 

Bases 





Lloyd’s Reagent 

with Nont 





Extract, Mg 

Extract, Mg 




No 

per 100 Cc 

per 100 Cc 

Comment 



1 

0 81 

0 84 

Normal dog blood 



2 

0 88 

0 74 

Normal dog blood 



3 

1 11 

2 27 

2 mg methylguanidine 

added 


4 

1 30 

2 24 

2 mg guanidine added 



5 

4 18 

4 32 

Uranium nephritis (N 

P N 

300) 

6 

3 95 

1 48 

Uranium nephritis (N 

P R 

225) 


MG CLYCOCYAUtNC 



Increase in intensiti of SaKaguchi reaction 

If the inciease in coloi in experiments 5 and 6 was due to simple 
guanidine bases, the value foi the Lloyd’s reagent extracts should have 
been appi oximately 2 1 mg instead of 4 18 and 3 95 mg This obser- 
vation IS strong ei idence against this compound being a simple guanidine 
base 

We have also studied the question whethei this inciease m color, 
which we haie designated as due to mci eased “guanidine,” is due to a 
substance normall)'' piesent m dog blood Noimal dog blood before 
treatment with aiginase gives an appieciable color vaiying from that 
indicating 0 4 mg to that indicating 0 8 mg of guanidine pei hundred 
cubic centimeters The majoi part of this color is removed by tieat- 
ment with arginase After such treatment theie lemains a small 
amount of coloi, lepresentmg a value of 0 1 mg to 0 2 mg of methyl 
guanidine per hundred cubic centimeters This observation, which has 
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been lepeated many times, indicates that most of the coloi attiibuted 
to the presence of “guanidine” in dog blood is really due to aigmine 
The substance piesent in the blood of dogs with “uiamiim nephiitis” 
IS not 1 educed in amount by treatment with arginase, which would seem 
good leasoii to believe that it is not aiginin 

We ha\e made studies legaiding the beliavioi of this substance 
towaid Sakaguchi’s leagent This leagent, as is well known, is appai- 
ently specific foi guanidine compounds containing one gioup substi- 
tution Noimal dog blood with norit extiact oi Lloyd’s reagent gives 
a well maiked Sakaguchi reaction Aftei tieatment of the blood with 
aigmase, however, the coloi pioduced is i educed appi oximately 90 
per cent The intensity of Sakaguchi’s leaction was not inci eased in 
oui expel iments aftei the dogs showed maiked lenal insufficiency The 
guamdine-like substance which is inci eased in the blood of these dogs 
with lenal insufficiency does not give a positive Sakaguchi leaction 
We have found that the substance lefeiied to as “guanidine” is 
piecipitated by phospliotungstic acid and tiimtiophenol Complete 
sepal ation fiom creatinine has not been achieved We have found that 
solutions of this substance obtained from the blood in the piesence of 
renal insufficiency when made alkaline and allowed to stand show a 
giadual inciease in intensity of the Sakaguchi leaction The increase 
in color is at a late similai to that produced in a solution of glyco- 
cyamidine similarly tieated (see chait) These obseivations indicate 
that the substance is a guanidine derivative of an anhjdiide type and 
that undei alkaline tieatment the guanidine iing opens and the result- 
ing compound gives a Sakaguchi leaction 

CONCLUSIONS 

1 The mciease in “guanidine” in the blood in expeiimental lenal 
insufficiency occuis both with and without accompanying hypertension 

2 The compomid which we have designated as “guanidine” is 
appaiently a guanidine de;ivative of an anhydiide t}pe and may be 
gl} cocyamidine 



MULTIPLE MYELOMA 


HELMUTH ULRICH, MD 

BOSTO^ 

The problem of the cytologic origin and relation of multiple m3'^eloma 
has been one of the puzzles of medicine evei since Macint) re ^ reported 
the first case nearly a hundred years ago There ai e indications that the 
problem is approaching a solution It is hoped that the following report 
of a case, particulaily the correlation of its many mteiesting features 
with those leported in the hteialuie, may contribute to a better under- 
standing of the disease 

REPORT or A CASE 

A W R,^a chemist aged 55, was admitted in October 1934 to the Afassachusetts 
A'lemorial Hospitals, with weakness as the most prominent symptom The his- 
torical data included fracture of the right tibia as a result of a fall m 1923, 
paracentesis of the left ear drum m 1928, “septic” throat m 1930 and many 
migrainous headaches, which had become much less seveie m recent j'ears 

About six months before entering the hospital he had experienced a “sensation 
of adhesions in the right side of the chest” Shortness of breath, progressive 
fatigability and a hacking cough came on three months later The cough inter- 
fered with sleep The muscles of the neck felt stiff, headache was produced by 
stretching eithei side of the neck Sore mouth, loss of appetite, nausea, slight 
lecurrent attacks of diarrhea and flatulence developed A month later he noticed 
a firm, somewhat tender tumor in the left testicle A persistent nasal discharge 
appeared, with intermittent pain and discomfort in the antrums, especially the left 
The patient was well developed and slightly obese The greatest weight, several 
lears ago, had been 210 pounds (952 Kg), at the time of admission to the 
hospital he weighed 188 pounds (85 3 Kg ) The skin had a yellowish pallor 
The tongue was coated and the breath foul There were shallow ulcerations of 
the gums and many dental fillings A'loist rales were heard throughout the lungs, 
especially m the uppei lobe of the right The heart was normal The pulse rate 
was 82, the blood pressure 148 systolic and 84 diastolic and the temperature 99 F 
The liver, spleen and kidneys were not felt There were several small firm nodules 
m the left testicle 

The urine contained a large amount of albumin, a few leukocytes and erythro- 
cytes and a number of hyaline, finely and coarsely granular and epithelial casts 
Bence Jones protein was not found Examination of the blood revealed marked 
anemia of the hypochromic t 3 'pe The Wassermann, the Kahn and the Hinton 
reactions were negative The icteric index was 7, the bleeding time six minutes, 
the clotting time (Lee and White) nine minutes and clot retraction normal Other 

From the Evans Memorial of the Massachusetts Memorial Hospitals and the 
Boston University School of Aledicine 

1 Alacintyre, W A Case of Mollifies and Fragilitas Ossium, Accompanied 
with Urine Strongly Charged with Animal Afatter, Aled -Chir Tr 33 211, 1850 
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hematologic data are shown in the table Occult blood was found in the feces 
The Takata-Ara reaction was positive Two Aschheim-Zondek tests gave negative 
results 

An electrocardiogram was noimal The basal metabolic late was + 5 pei cent 
Roentgenograms revealed an old fracture of the lower part ot the right tibia, 
with hypertrophic changes about the ankle The skeleton showed nothing sug- 
gesting multiple myeloma (In a film of the skull made at the time of necropsy 
a few small “punched-out” aieas of rarefaction could be seen) Films of the 
scrotum showed a small dense shadow suggesting calcareous deposition in a 
teratoma (This finding led to the performance of the previously mentioned 
Aschheim-Zondek tests ) 

The left testicle was removed for examination It contained several small 
tumors made up chiefly of cells having the appearance of atypical plasma cells 

Hematologic Data 


Date (1934) 




r 

10/30 

11/1 

11/6 

11/8 

11/9 

11 13 

11/17 

11/26 

11/28 

11/30 

12/3 

Red cells (millions) 

2 15 


1 67 

1 35 


1 55 

2 33 

2 63 

2 76 

2 41 

1 8 

Hemoglobin, % 

39 


35 

30 


33 

4o 

50 

SO 

47 

33 

Leukocytes (thou 
sands) 

11 4 


10 

73 


98 


99 

7 3 

6 5 

04 

Neutrophils 

12 


40 

48 


52 

48 

50 

60 

54 

67 

Lymphocytes 

38 


20 

13 


28 

35 

39 

30 

40 

26 

Myelocytes and myelo 
blasts 

5 


19 

12 


10 

9 

6 

3 

2 

5 

“Plasma cells’’ 

8 


5 

10 


2 

6 

3 

1 

1 

0 

Doubtful forms 



10 

12 







Pew 

Serum protein, ■% 


106 


13 







14 9 

Serum albumin, % 


22 


3 







31 

Serum globulin, % 


84 


10 







118 

Serum calcium, mg 
per 100 cc 


99 



10 


94 





Serum phosphorus, mg 
per 100 cc 


42 



7 5 








Nonprotem nitrogen, 

mg per 100 cc 101 185 240 


The cytoplasm was basophilic in many of them , the nucleus was eccentric in 
some, and a perinuclear Hoj was present in a few The chromatin, however, only 
rarely showed a tendency to radial arrangement Some of the cells appeared 
definitely to be young mveloid cells (stem cells, lymphoidocytes and premyelocytes), 
with their characteristic nucleoli Several mitoses were seen 

The patient was transferred to the Collis P Huntington Memorial Hospital 
foi roentgen treatment During his stay there his symptoms gradually increased 
in severity The weakness became extreme, nausea was constant, and all food 
caused vomiting Bleeding from the gums and nose became troublesome Many 
spirella and fusiform bacilli were found in smears from the gums The tempera- 
ture rose to 104 F At no time was pain of importance, except for occasional 
headache The urine persistently contained large amounts of albumin, a variable 
number of casts and traces of pus and blood During the last few days of life 
theie was marked oliguria Repeated tests for Bence Jones protein gave negative 
results 
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Treatment consisted of five blood transfusions of 300 to 500 cc each and 
small doses of high voltage roentgen radiation and radium, applied to the thighs, 
pelvis and sternum There was no evidence that these measures had any beneficial 
results, except for a temporary increase in the number of red blood cells after 
each transfusion The patient finally became irrational and comatose and died 
five weeks after admission to the hospital, four months after the onset of s}’^mptoms 

Necropsy was performed by Di Shields Warren There follows an abstract 
of his report 

The lymph nodes were not palpable The liver extended 5 cm below the 
costal margin The lungs contained a few small discrete dark red or grayish foci 
of bronchopneumonia The spleen weighed 380 Gra and the Iner 2,120 Gm 
The capsule of the kidne3's stiipped readily from a smooth gra3'ish white surface 
The renal medulla and cortex were not clcarK’- demarcated Both kidneys were 
pale, the glomeruli were not visible The left testicle had been remo\ed, the 
right was infiltrated m its lower anterior third with a film grd3ish 3ellow tumor, 
which faded indefinitely into the surrounding testicular substance and penetrated 
slightly the overlying tunica The femur, vertebrae, i ibs and sternum contained 
pale yellow or yellowish red marrow of uniform texture Bon3 trabeculation was 
normal The skull could be sawed with remarkable case, but thcie was no other 
definite evidence of softening The cranial bone was onh 0 2 to 0 4 cm thick, 
with almost complete absence of diploe When the remo\ed portion of the skull 
was held up to the liglit, reddish aieas suggesting hemopoiesis were seen They 
corresponded roughly to the rarefied aicas seen in roentgenograms taken post 
mortem 

Mtcioscopic Examination — Spleen The noimal structure w’as obliterated 
The follicles had almost entirely disappeared, and the sinusoidal structure was 
seen in only a few' parts Large numbers of immature but not clearly identified 
blood cells filled the sinuses and reticulum Most of these cells showed basophilic, 
slightly granular cytoplasm, w'lth a central or eccentric \esicular nucleus, often 
with a single, prominent nucleolus Mitotic figures W'cre relatively rare 

Kidney The majority of the glomeruli w'cie sw'ollen and edematous, and 
occasionally one w'as adherent to the capsule There were one or two sclerosed 
glomeruli The tubules w'ere separated by a fairly uniform increase in the fibrous 
tissue of the stroma The epithelium, especially of the proximal convoluted tubules, 
showed slight to marked albuminous degeneration Some of the tubules contained 
polymorphonuclear leukocytes and others hyaline casts Clusters of immature 
blood cells w'ere present between the tubules Ihey w’ere for the most part of 
the granulocytic series, though a few b'mphocytcs and plasma cells w'eie seen 
Neutrophilic and eosinophilic myelocytes, prem3'elocvtes and cells similar to those 
seen in the spleen and testis could be definitely identified ilitoses were frequent 

Testis There was diffuse cellular infiltration of interstitial tissue, varying 
from wide separation of tubules to the presence of only scattered cells (figs 1 
and 2) The infiltrating cells were fairly uniform and discrete, there w'as no 
supporting stroma or increased vascularity The cells ranged from 5 to 10 microns 
in diameter, most of them being about 8 microns They were rounded or P0I3 hedral, 
with a tendency to mosaic patterning The cytoplasm 3vas usually basophilic, 
opaque and finely granular, with occasionally a clearer crescent adjacent to the 
eccentric nucleus The nucleus was round or oval, with clearcut blocklike dis- 
tribution of chromatin and a well marked nuclear membrane Among these cells 
were rare somewhat larger ones with a large vesicular nucleus and scattered 
neutrophilic and eosinophilic granules With Unna’s stain many of the smaller 
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cells showed a rose cytoplasm This picture was identical with that seen in the 
surgically removed testis (fig 3) 

Bone Marrow A portion of the marrow was fatty, the remainder was 
completely filled by fairly uniform masses of cells Most of the cells were ot 
immature type, with a large, somewhat vesicular type of nucleus and a prominent 



nucleolus The cytoplasm was scanty and somewhat basophilic No granules 
were seen In some portions there were neutrophilic and eosinophilic myelocytes 
The reticuloendothelial cells were not remarkable 

Dr Warren wrote in his summary “This case is most obscure, and the final 
diagnosis is still somewhat uncertain ” He expressed the belief that aleukemic 
m 3 ’-eloblastic leukemia had to be considered The identity of the abnormal cells 
was not, he stated, established with certainty, although subsequent study convinced 
him that they were plasma cells 
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I had assumed that the cells found ante mortem in the peripheral blood ot 
this patient were atypical plasma cells such as had been reported in a numbei 
of cases of multiple myeloma by other authors A few myelocytes and myeloblasts 
also were present in the blood, and these too had been observed m seveial reported 
cases of myeloma (fig 4) Because of the uncertain status of the tumor cells, 



Fig 4 — Blood film, showing neutrophilic myelocyte (top) and myeloma cell 
(below) 


sections of the testicular tumors were submitted by Dr Warren to a number of 
pathologists 2 for their opinions There was general agreement that the neoplastic 
cells, like those observed in the blood, were plasma cells of an atypical form The 

2 Drs C F Branch, F Stewart, C F Geschickter, F Parker, R H Jaffe, 
Hal Downey, William Bloom and R P Custer 
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diagnosis of multiple myeloma of the so-called plasma cell type appeared, therefore, 
to be justified 

Although Wallgren® has pointed out that different authois have 
used different criteria for the diagnosis of multiple myeloma, the present 
generally held conception is of a multiple tumor of bone marrow, or a 
diffuse h 3 '^perplasia, consisting usually of cells resembling plasma cells 
Geschickter and Copeland ^ gave six cai dinal diagnostic clinical signs 
of multiple myeloma, usually present “collectively or m pairs or 
triads in any individual case” (1) multiple tumor of the skeletal 
trunk m a peison who is more than 35 years old, (2) pathologic fracture 
of a rib, (3) Bence Jones proteinuria, (4) lumbar backache and signs of 
early paraplegia, (5) otherwise unexplained anemia, and (6) chronic 
nephritis with azotemia and low blood pressure Later, however, 
Geschickter ° repoi ted a case of multiple myeloma that presented none 
of these features In my case onl}^ points 5 and 6 were full} satisfied 
Point 1 was partially fulfilled, but the site of demonstrable skeletal 
tumors was the skull rather than the trunk 

TRAUMA 

The patient gave a history of a fall and fracture of the light tibia 
eleven } eai s befoi e the clinical onset of myeloma It seems unreasonable 
to suppose that there was an etiologic relation between them The 
inteival was too long, and the incidence of tiauma of some sort in per- 
sons of middle age is high Geschickter and Copeland ^ found a history 
of trauma m 20 per cent of reported cases, but they expressed doubt 
as to its significance and stated that “theie is no evidence at hand to sub- 
stantiate piecedmg fracture of healthy bone as an etiologic factor” 
Nevertheless, one is bound to be impressed by the frequency vith 
which trauma has been reported as initiating the symptoms in 
patients who had previously felt well I doubt that it can be 
eliminated entirely as a causative factor, although m most cases the 
injury undoubtedly occurred after the disease had already begun It 

15 of interest to refer to a medicolegal case ° in which damages wei e 
awarded on the basis of the jury’s veidict that myeloma developed as a 
result of an injuiy and was the cause of death eight months latei 

3 Wallgren, A Untersuchungen uber die Myelomkrankheit, Upsala lakaref 
forh 25 113, 1920 

4 Geschickter, C F , and Copeland, M M Multiple Myeloma, Arch Surg 

16 807 (April) 1928 

5 Geschickter, C F Multiple Mveloma as a Single Lesion, Ann Surg 92 
42S, 1930 

6 Myeloma Attributed to Trauma, Medicolegal Reports, J A M A 97 415 
(Aug 8) 1931 
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PAIN 

In most of the published reports pain was the outstanding symptom 
of multiple myeloma In the present instance pain that could be ascribed 
directly to the myeloma was absent The patient complained at times 
of headache, to which he had been subject m greater degiee before 
(for many years) than after the myeloma appeared, also, he had slight 
pain in the antrum of Highmore, which was believed to have been the 
result of infection and congestion of the sinuses and not a dnect lesult of 
the majoi disease 

Pam is apparently less likely to be a piominent symptom when, as 
in this case, there is diffuse involvement of the marrow,’ or when the 
tumoi IS situated m tissue without skeletal involvement ® 

A compilation of the incidence of pain, of clinically recognized tumor, 
of loentgen evidence of the disease and of Bence Jones proteinuria in 
259 cases of multiple myeloma, selected because the histoi les were given 
with sufficient clarity regarding each of these items, show^s that absence 
of pain ivas rare (4 6 per cent) , clinical lecognition of the tumoi w^as 
much less frequent (36 7 per cent) than roentgen evidence of it (96 9 
per cent), and Bence Jones protein could not be detected m a substantial 
piopoition of the cases (38 2 pei cent) 

BENCE JONES PROTEINURIA AND RENAL LESION 

In 1930 Perla and Hutner® repoited a case which, accoidmg to 
Bell,’-® “is the only case in the literature of pioved renal insufficiency in a 
myeloma without Bence-Jones piotemuria” The case presented here 
appears to be another , a renal lesion was indicated by gi oss albuminui la, 
cylmdruiia and an ultimate increase of the nonprotem nitrogen content 
of the blood to 240 mg 

Marked albuminuria without Bence Jones proteinuria appears to be 
unusual m cases of multiple myeloma Magnus-Levy expressed the 

7 (a) Diffuse Multiple Myeloma, Cabot Case 21082, New England J Med 

212 353, 1935 (b) Foord, A G , and Randall, L Hyperproteinemia, Auto- 

hemagglutination and Renal Insufficiency in Multiple Myeloma, Am J Clin Path 

5 532, 1935 

8 (a) New, G B , and Harper, F R Plasma Cell Myeloma of the Pharynx 

and Cervical Region Without Skeletal Involvement, Arch Otolaryng 16 50 (July) 
1932 (b) Jackson, H , Jr , Parker, F , Jr , and Bethea, J M Studies of Dis- 

eases of the Lymphoid and Myeloid Tissues II Plasmatocytomata and Their 
Relation to Multiple Myelomata, Am J M Sc 181 169, 1931 

9 Perla, D , and Hutner, L Nephrosis in Multiple Myeloma, Am J Path 

6 285, 1930 

10 Bell, E T Renal Lesions Associated with Multiple Myeloma, Am J Path 
9 393, 1933 

11 Magnus-Levy, A Ueber die Myelomkrankheit III Vom Stoffwechsel , 
die Bence-Jones Proteinuric, Ztschr f khn Med 119 307, 1932 
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view that massive albummuiia m this disease is due chiefly to the 
presence of Bence Jones piotein, and that repoits of its absence when 
large amounts of albumin are present in the urine weie erroneous He 
claimed that the Bence Jones bodies weie ovei looked, owing to the 
fact that they may be insoluble undei certain conditions in boiling urine, 
especially when present m large amounts Bloch,^- Hopkins and 
Savory and Berglund and Medes called attention to the difficulties 
that may be encountered in testing for these proteins and stated that 
then solubility at the boiling point depends to an important degree on 
the 1 elation of salts to acids m the solution The investigations of 
Bayne-Jones and Wilson,^^ suppoited by Robinson’s^® studies, indicated 
that “Bence-Jones protein is not a single substance, but a gioup 
of similai, but not identical proteins,” and that this complexity may 
have a beaiing on the difficulties of detei mining its piesence under 
certain circumstances Magnus-Levy therefoi e estimated the inci- 
dence of Bence Jones proteinuria with multiple myeloma to be about 
SO per cent lather than 65 per cent, as given by Geschickter and 
Copeland 

In the piesent case tests foi Bence Jones protein gave persistently 
negative results Furthermoie, the microscopic examination of the 
kidneys (fig 5) levealed nothing resembling the histologic changes which 
Forbus and his associates^® regarded as characteiistic of renal damage 
resulting fiom excretion of Bence Jones protein Feller and Fowler®* 

12 BIcch j£in Beitrag zur Klinilc unci Diagnose des multiplcn Mj'leoms, Folia 
liaemat 26 119, 1921 

13 Hopkins, F G , and Savory, H A Study of Bence-Jones Protein, and 
of the Metabolism in Three Cases of Bence-Jones Proteinuria, J Physiol 42 
189, 1911 

14 Berglund, FI , and Medes, G The Kidney in Flealth and Disease, Phila- 
delphia, Lea & Febiger, 1935 

15 Bayne-Jones, S , and Wilson, D W Immunological Reactions of Bence- 
Jones Proteins I Differences Between Bence-Jones Proteins and Human Serum 
Proteins, Bull Johns Hopkins Hosp 33 37, 1922 

16 Robinson, S H G An Investigation of the Antigenic Properties of Four 
Specimens of Bence-Jones Piotein Obtained from Cases of Myelomatosis, Brit 
J Exper Path 8 454, 1927 

17 Magnus-Levy, A Ueber die Myelomkrankheit VI Beitrage zur Klinik 
und Pathologie, Ztschr f klm Med 121 533, 1932 

18 Geschickter, C F , and Copeland, M M Tumors of Bone, ed 2, New 
York, American Journal of Cancer, 1936 

19 Forbus, W D , Perlzweig, W A , Parfentjev, I A, and Burwell, J C, 
Jr Bence-Jones Protein Excretion and Its Effects on the Kidney, Bull Johns 
Hopkins Hosp 57 47, 1935 

20 Dr Forbus examined a section of the kidney and agreed “that the picture 
IS not that which I have described in cases of Bence Jones proteinuria ” 

21 Feller, A E , and Fowler, W M Hyperproteinemia in Multiple Myeloma, 
J Lab & Clin Med 23 369, 1938 
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and Barfield-Cartei “ lepoited cases of marked albuminuiia, but Bence 
Jones protein was never detected 

Thannhauser and Kiauss and subsequent authors, notably Pei la 
and I-Iutner,® expressed the belief that the nephropathy of multiple 
myeloma is a foim of nephiosis Ehiich,^^ however, came to the con- 
clusion that it IS a question not of epithelial degeneration leading to 
tubular destiuction (nephrosis) but of plugging of the tubules uith casts 



of Bence Jones piotem and subsequent hydronephrotic atrophy BelP® 
stated 

The only direct effect of multiple myeloma on the kidneys is due to the forma- 
tion of tubular casts of Bence-Jones protein that obstruct the tubules 

22 Barfield-Carter, M Multiple Myeloma and Associated Renal Lesions, Am 
J Roentgenol 36 830, 1936 

23 Thannhauser, S J , and Krauss, E XJeber eine degenerative Erkrankung 
der Harnkanalchen (Nephrcse) bei Bence-Jones’scher Albummurie, Deutsches 
Arch f khn Med 133 183, 1920 

24 Ehnch, W Die Nierenerkrankung bei Bence- Jonesscher Proteinuric, 
Ztschr f khn Med 121 396, 1932 
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Casts ^^ele not found in the 2 cases of his senes in which no Bence 
Jones piotein was excreted This explanation ^\as not accepted as wholly 
satisfactory by Buschke,*® and Randeiath*® concluded that his experi- 
ments contiadicted the observations of Ehiich and justified the inclusion 
of the lenal changes among the nephroses 

Bell wrote that "none of the authors mentions hematuria in a case 
of multiple myeloma” That is true m legaid to gioss hematuria, but 
there have been several reports*’’ of the obsenation of blood by micro- 
scopic examination, and in Lewis’ “® case the hematuria was sufficiently 
profuse for the patient himself to be a\\aie of it A few red disks were 
present m a numbei of the urinary specimens voided by my patient 

HYPERPROTEIXEMIA 

An inciease of the total piotein in the blood plasma or seium in cases 
of multiple myeloma has been lepoited by a number of obser\ers Schu- 
macher, Williams and Coltrin *“ leported the huge amount of 23 29 per 
cent That a high seium piotein level is a \aluable diagnostic finding 
IS substantiated bj Jegheis and Selesnick who lepoited that of 13 
cases of hyperproteinemia obseived in lecent yeais at the Boston City 
Hospital 7 w ei e instances of multiple myeloma , m the others the protein 

25 Buschke, F Uramie bei Bcncc-Jonesschcr Albumimirie, KIiii 'Wchnschr 
11 408, 1932 

26 Randeratli, E Pathologisch-anatoinische und expenmentelle Untersuch- 
ungen zur Frage der Niereineranderungcn bei Bence-Jonesscher Proteinune, 
Ztschr f khn kled 127 527, 1934 

27 (a) Wintrobe, M M, and Buell, M V Hj pcrpi oteinemia Associated 

with Multiple Myeloma, Bull Johns Hopkins Hosp 52 156, 1933 (/>) Sweigert, 

C F Multiple Myeloma with Hvpeiproteincmia, Am J M Sc 190 245, 1935 
(c) Bannick, E G , and Greene, C H Renal Insufficiency Associated wnth 
Bence-Jones Proteinuria Report of Thirteen Cases with Note on Changes in 
Serum Protein, Arch Int kled 44 486 (Oct ) 1929 (d) Gros, W Zur Frage 

gesetzmassiger Veranderungen des Bluteiw’cissbildes beim multiplen Myelom, 
Deutsches Arch f klin Med 177 461, 1935 (e) AVeinbeig, F, and Sclnvarz, E 

Die Klinik und pathologische Anatomic dcs multiplen Myeloms, Virchows Arch 
f path Anat (supp ) 227 88, 1920 (/) Peilzw'cig, W A , Delrue, G, and 

Geschickter, C Hyperproteinemia Associated with Multiple ^Myelomas Report 
of an Unusual Case, J A M A 90 755 (March 10) 1928 (o) Patek, A J , and 

Castle, W B Plasma Cell Leukemia, Am J ]\I Sc 191 788, 1936 (/i) Kleine, 

H O Knstalloide Riesenzellen in Harnkanalchen bei plasmazelluhrem Mj^elom, 
Beitr z path Anat u z allg Path 79 678, 1928 

28 Lew'is, D Multiple Myeloma, Internat Clin 1 157, 1927 

29 Schumacher, I C , Williams, O O , and Coltrin, G S Plasma Cell 
Myeloma and Hj'perproteinemia, California & West Med 47 174, 1937 

30 Jeghers, H , and Selesmck, S Hyperproteinemia Its Significance, 
Internat Clin 3 249, 1937 
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content of the blood never exceeded 9 per cent, whereas in the cases 
of multiple myeloma it varied between 9 4 and 12 2 pei cent Although 
It IS tiue, as Bing"’- wrote, that “m most cases h^perproteinemia will 
be a sign of myelomatosis,” it must be remembered that the symptom 
may occur with a few othei diseases, notably with kala-azar and lympho- 
granuloma venereum, and occasionally leprosy and cirrhosis of the liver 

In the piesent case the highest seium protein value was 14 9 per cent, 
of which 118 per cent was globulin and only 3 1 per cent albumin 
Evidently the hyperprotememia vas purely h}peiglobulinemia, just as it 
^^as in other cases reported 

In contrast to othei writeis, Chester-’- reported a low serum piotem 
level in 2 cases of multiple myeloma He expiessed the belief that the 
total piotein of the blood plasma diminished m the late stages of the dis- 
ease and that hypopi oteinemia w ould ensue if the patients were observed 
long enough Feller and Fowler were unable to confirm this , and in 
111 }^ case, as well as in Sweigei t’s,-'*’ the highest amounts were found 
shortly before death 

Freund and Magnus-Levy stated that excretion of Bence Jones 
piotein 111 the unne is accompanied with a low or noimal total amount of 
protein in the blood plasma Conversely, as pointed out by Cantaiow,'*'* 
Bence Jones protein has been found only rarely in the presence of 
hypei protememia Nielsen,®^ foi example, repoited 4 cases, 2 of hyper- 
pi oteinemia without Bence Jones bodies in the urine and 2 of hypo- 
pi oteinemia with abundant Bence Jones protein Several other 
authors,®® however, have reported the coexistence of Bence Jones pro- 
teinuria and hyperprotememia , and one of Gross and Vaughan’s ®^ 
patients had normal blood protein but no Bence Jones protein in the 

31 Bing, J Seme Cases of Hypei protememia, Acta med Scandmav 88 
478, 1936 

32 Chester, W Multiples Myelom und Hypoproteinamie, Ztschr f klin Med 
124 466, 1933 

33 Freund, R , and Magnus-Levy, A Multiple Myeloma V Ueber Beson- 
derheiten der Blutzusammensetzung, Ztschr f khn Med 121 1, 1932 

34 Cantarow, A Bence-Jones Protememia in Multiple j^Iyeloma, Am J M 
Sc 189 425, 1935 

35 Nielsen, H E Four Cases of ^Myelomatosis, Hospitalstid 81 549, 1938 

36 (o) Stewart, A, and Weber, F P Myelomatosis, Quait J Med 7. 

211, 1938 (b) Decherd, G M, and Holland, L Multiple Myeloma with Hyper- 

globulinemia, J Trop Med 41 129, 1938 (c) Shirer, J W , Duncan, W, and 

Haden, R L Hyperprotememia Due to Bence-Jones Piotein in Myelomatosis, 
Arch Int Med 50 829 (Dec ) 1932 (d) Feller and Fowler 

37 Gross, R E , and Vaughan, W W Plasma Cell Myeloma Report of 
Two Cases with Unusual Survivals of Six and Ten Years, Am J Roentgenol 
39 344 (March) 1938 
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urine My case was similar in this lespect to the first 2 of Nielsen’s 
cases The blood protein level was increased, and Bence Jones protein 
was absent 

CALCIUM AND PHOSPHORUS 

The serum calcium level has been reported high in a number of cases 
of multiple myeloma, with serum phosphorus normal or slightly elevated 
This relation, although present in onl}'- some of the cases, senes to 
differentiate multiple myeloma fiom hyperparathyi oidism According 
to Gutman and Gutman,^® the h 3 'percalcemia is not brought about by a 
mere increase of the calcium bound to an excess of globulin but is the 
result of destruction of bone by the neoplasm Serum calcium in my 
case was normal (9 9 and 10 mg pei hundred cubic centimeters on tuo 
determinations), despite an excess of seium globulin, but phosphorus 
was increased (4 2 and 7 5 mg per hundred cubic centimeteis) In 
this m}^ case was similar to several other reported cases Low serum 
phosphorus and high calcium, however, a combination that is typical of 
hyperparathyroidism, may rarely be found with multiple myeloma 

EXTRAOSSEOUS MYELOMA 

The most striking feature of the case reported here was the presence 
of testicular tumors without other extraosseous involvement 

Geschickter and Copeland ^ in their review of all cases repoi ted 
before 1928 did not mention metastases in the testicles , neithei did 
Magnus-Levy or Wallgren,® both of whom cited numerous authors in 
their articles In an extensive suivey of the literature on multiple 
myeloma I have seen only one mention of a testicular tumor This 
was in a case referred to by Porchownik as having been obseived by 
Werzberg m Russia Large round nodules were found in the testis 
at necropsy Othei details about the case were not given, so that doubt 
exists as to the diagnosis of myeloma In Ghon and Roman’s case 

38 Gutman, A B , and Gutman, E B Calcium-Protein Relation in Hjper- 
proteinemia Total and Diffusible Serum Calcium in Lymphogranuloma Inguinale 
and Myeloma, Proc Soc Exper Biol & Med 35 511, 1936 

39 Howard, C X-Ray Aspects of Fndotheliosis, read before the Eleienth 
Annual Fortnight of the New York Academy of Medicine, Oct 27, 1938 Mul- 
tiple Myeloma, Cabot Case 21052, New England J Med 212 204, 1935 Forbus 
and others Cantarow 

40 Multiple Plasma Cell Myeloma, Cabot Case 23171, New England J Med 
216 757, 1937 

41 The case to which they referred briefly in the revised edition of their 
booki® is the one I am reporting in this article 

42 Porchownik, J B Ein Fall von multiplem Myelom (Plasmocytom), Vir- 
chows Arch f path Anat 280 534, 1931 

43 Ghon, A , and Roman, B Ueber pseudoleukamische und leukamische 
Plasma-Zellen-Hyperplasie, Folia haemat 15 72, 1913 



ULRICH— MULTIPLE MYELOMA 


1007 


scattered plasma cells weie found in the right testis, but no gross tumor 
was seen 

Evidently, then, involvement of the testicles is lare with multiple 
myeloma, and I believe that the case reported heie, in which the testicular 
lesion was the only extraosseous gross manifestation of the neoplasm, is 
unique in this lespect, unless in the case cited by Poichownik the involve- 
ment nas similai 

Opinions diffei about the oiigin of extraosseous myeloma Theie are 
foiii possibilities (1) diiect extension of an intraosseous tumoi to adja- 
cent tissues, (2) metastasis, (3) independent (autochthonous) develop- 
ment, paiallel with but not secondary to medullaiy giowth,^'’ (4) 
piimaiy extiamedullaiy tumoi with or without secondaiy invasion of 
the bone mai i ow 

Diiect extension is not laie Metastasis also is geneially accepted 
as occtii 1 mg not infrequently, although Lubarsch and Hallermann 
maintained that the appaient metastases aie in reality independent 
parallel developments, and Winkler^" and Horsch"*® expiessed the belief 
that even the multiple intraosseous tumors weie not extensions or 
metastases but independently originating foci It is intei estmg to i ecord 
here that Borimann in 1900, when no case of giowth outside the bones 

44 M B Schmidt (AUgememe Pathologie und pathologische Anatomie der 
Knochen, Ergebn d allg Path u path Anat 7 220, 1900-1901') has been cited 
by several writers as reporting a case of multiple myeloma with testicular involve- 
ment I have failed to find mention of m>elomatous tumor of the testis m his article 
It appears that the error was brought about by the fact that Isaac (Die multiplen 
Myelome, Ergebn d Chir u Orthop 14 325, 1921) m his review referred to three 
articles bv Schmidt, without specifying in which the testicular lesion was noted 
The second of the thiee refeiences was to Schmidt’s monogiaph (Die Verbeitungs- 
wege der Kaizinome und die Beziehung generalisiei ter Sarkome zu den leukami- 
schen Neubildungen, Jena, Gustav Fischer, 1903) in which he reported the case of a 
boy of 16 with a testicular tumor, but the diagnosis was lymphosarcoma of the 
thymus with lymphatic infiltration of the testicles Nowheie did I find a statement 
that the condition was multiple myeloma Apparently authois writing after Isaac had 
copied the first of his three leferences without troubling to consult the original 
for verification 

45 (<x) Lubarsch, 0 Zur Myelomfiage, Vii chows Arch f path Anat 184 

213, 1906 (h) Pines, L , and Pirogowa, L Uebei die multiplen Myelcnie und 
das Nervensystem, Arch f Psychiat 84 332, 1928 (c) Zadek, I , and Lichten- 
stein, H Zur Klinik und Zytologie der multiplen Myelome, Folu haemat 45 
60, 1931 (d) Wallgren 3 

46 Hallermann, W Zur Kenntnis des primaren multiplen Myeloms, Deutsches 
Aich f klin Med 165 57, 1929 

47 Winkler, K Das Myelom in anatomischer und klinischer Beziehung, 
Virchows Arch f path Anat 161 252, 1900 

48 Horsch, K Multiple Alyelome und metastatische Knochenmarkstumoren, 
Beitr z khn Chir 161 195, 1935 

49 Bcrrmann, R Myelom, Ergebn d allg Path u path Anat 7 852, 
1900-1901 
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had been repoited, piedicted that some day metastases to niteinal organs 
would be found He expressed the thought that patients with multiple 
myeloma usualh did not live long enough foi metastases to develop 
and that myeloma cells did not find suitable soil in organs othei than 
the bone maiiov 

It is tempting to look on the case piesented heie as one of piimaiy 
tumor of the testicle with secondaiy invasion of the bone marrow, 
because the testicular tumor had become clinically lecognizable when 
definite loentgen evidence of osseous invohement was still lacking 
Jackson, Parkei and Bethea®'' \\iote legaiding their remaikable case, 
in which a plasmacjtoma of the tonsil pieceded medullan ln^olvement 
by eight years 

Theie would seem to be no doubt but that the plasma-cell tumor arose m the 
tonsil, spiead through the lymphatic system, and finallj reached the mairow 

In Kreibich’s case the fiist indication of the disease vas a waithke 
growth on the skin, not until eight weeks later was invohement of the 
bones demonstiated Magnus-Levy did not accept this case as one of 
primary extiaosseous involvement, stating the belief — coriect, I think — 
that the growdh iii the mairow could have existed weeks before it was 
lecognized and that it was probably oldei than the tumor of the skin 
For similai leasons he icjected Kijukoft’s and ^on Weidt’s®® cases 
I-Ie has insisted that the lelatn'e size of the tumois does not deteimine 
then chronologic age, because some of them giow moie lapidh than 
others Fie stated also, how'ever, Avhat was hist suggested b} Boir- 
mann,^'’ that m3'elomatous tissue giows pooil}' outside the bone mairow 
and that the neoplastic cells find nouiishment and faAOiable giow’th onh 
m the tissues of then ultimate origin sp) unghchen Muttaboden) oi 
in connection w'lth it, and outside it onl}'- in the similai tissue of the 
lymph nodes 

In my case the tumois in the testes giew' moie lapidly than would 
be expected if Magnus-Levy’s statement legaiding the lelatne speed of 
growth of intiaosseous and extraosseous lesions w'ere ahvays tiue, but 
the fact that the fiist tumor to be lecogmzed in the testicle (b}' the 
patient himself) w^as lelatively laige wdien invohement of the bones could 
not yet be demonstiated by loentgen examination cannot be accepted, it 
seems to me, as pi oof of its piimacy At neciopsy the intiaosseous 
giowdh was found to be diffuse and not in the foini of giossly lecog- 
nizable nodules Such a diffuse giowdh could have begun befoie the 

50 Kreibich, C Plasmomyclom der Haut, Folia Iiaemat 18 94, 1914 

51 Krjukoff, A Le plasmocytome histogene. Folia baemat (pt 1) 12 372, 
1911 

52 von Werdt, F Zui Kenntms des Plasmoc 3 'toms, Fiankfuit Zlschr f 
Path 6 180, 1910-1911 
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testiculai tumoi, oi it could have developed simultaneously with it, 
and, to satisfy Magnus-Levy’s dictum, it could have giown and prob- 
ably did grow nioie lapidly than the tumor in the testis without being 
lecognizable loentgenologically for a i datively long time because of its 
diffuseness 

It IS of more than academic inteiest to deteimme whether a myeloma 
IS Single and pi unary, because ti eatment of such a cii cunisci ibed gi owth 
may pi event progression or lecurrence of the disease Thus, Mathias’ 
patient was fiee from symptoms eighteen months aftei suigical lemoval 
of a localized myeloma of the skull Bailey irradiated a single myeloma 
of the humerus, after which the patient, obseived six yeais later, ivas 
apparently cui ed In Shaw ’s case of a similar tumoi simple curette- 
ment was followed by healing and no signs of lecurrence a yeai later 
Rogeis’ °° patient, with a sohtaiy myeloma of the light femui, was w^ell 
foul 3^eais after amputation of the leg 

NATURE OF MYELOMA CELLS 

The nature of the cells involved in the formation of multiple myeloma 
has been the subject of much study, discussion, speculation and contro- 
veisy Wallgren'^^ has pointed out that they have been called lympho- 
cytes, lymphoblasts, myelocytes, myeloblasts, plasma cells and 
ei ythi oblasts Seemann °° expiessed the belief that m myeloma theie 
may be a hyperplasia of lymphoidocytic (myeloblastic) tissue at first, 
which latei, foi as yet unknoAvn leasons, undeigoes plasmacytic tiansfor- 
mation W ilhams advanced the suggestion that “cei tain biological prop- 
erties of the osteoblast point to it as a possible cell of oiigin” of the 
mj'-eloma cells Gunn and Mahle leported a case m w Inch they believed 

53 Mathias, E Zur Myelomfrage, Beitr z klin Chir 161 79, 1935 

54 Bailey, C 0 Plasma Cell Myeloma of the Humerus Tieated by Roentgen 
Radiation, Am J Roentgenol 36 980, 1936 

55 Shaw, A F B A Case of Piasma-Cell Myeloma, J Path & Bact 26 
125, 1923 

56 Rogers, H Case of Solitary Plasma-Celled Myeloma, Brit J Surg 17 
518, 1930 

57 Wallgien, A Ueber die Natur der Myelomzellen, Vii chows Arch f path 
Anat 232 381, 1921 

58 Klemperer, P Ueber das lympboblastische und das plasmacellulare 
Myclom, Beiti z path Anat u z allg Path 67 492, 1920 

59 Harbitz, F Erythroblastosis and Erythroblastoma, Norsk mag f Ifege- 
vidensk 84 211, 1923 Grogler, F Zur Kenntms des Myeloms, Fiankfurt Ztschr 
f Path 43 96, 1932 

60 Seemann, G Em Fall von plasma-zellularem “Mvelom,” Centialbl f allg 
Path u path Anat 48 212, 1930 

61 Williams, H W Multiple Myeloma of Bene, Am J Cancel 16 540, 1932 

62 Gunn, F D , and klahle, A E Megakaryoblastic Myeloma with Crystal- 
line Protein in the Renal Tubules, Tr Chicago Path Soc 15 23 1937 
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the changes to be megakaryoblastic Of 643 cases reviewed by Atkin- 
son,®® the cytologic changes in 332 were not classified, in 207 they were 
pIasmoc 3 ^tic, in 27 inyeloblastic, in 24 myelocytic, in 16 lymphocytic, in 
5 erythroblastic, m 28 mixed and m 4 of doubtful type Wallgren ® 
expiessed the opinion, which seems plausible, that a lymphocytic type 
does not exist , that newer methods of staining have done away with it, 
and that all myelomas aie made up of cells of the same fundamental type, 
which may, however, show certain varying stages of development, differ- 
entiation or degeneration Ewing seems to have been in agreement 
with that when he viote that multiple myeloma is a “specific malignant 
tumor of the bone maiiow arising piobably from a single cell-type” 
Hirschf eld also expressed doubt about the existence of a lymphoc) tic 
type, suggesting that m 3 ''elocytes ma 3 '^ have been mistaken foi l 3 unpho- 
cytes Nevertheless, Rosenblum and Kirshbaum ®® in 1936 and Stewart 
and Weber®®" m 1938 leported cases of what they called lymphoc 3 'tic 
m 3 ^eloma and Dameshek ®’' included multiple m 3 'eloma m the gioup of 
tumois arising from l 3 miphoid tissue This is contrary to the classifica- 
tion by the L 3 U'nphatic Tumor Registiy of the American Association of 
Pathologists and Bacteriologists,®® m which m 3 elomas aie giouped with 
the myeloid tumois, and the term multiple myeloma is used as a S 3 nonym 
of multiple aleukemic myelocytoma 

In a large proportion of the cases the component cells, with their 
deeply basophilic cytoplasm and often eccentrically placed nuclei, resem- 
ble plasma cells moie closel 3 ’’ than any othei known form of cell, hence 
the designations plasmac 3 loma, plasmoma, multiple m 3 ^eloma of the 
plasma cell type and plasmac 3 '^tic leukemia ®® have been applied Often, 
how^ever, the cells lack certain chaiacteristics of typical plasma cells The 
nucleus frequently does not have the coarse radial airangement of the 
chromatin, the perinuclear Hof is often absent, and the charactei istic 
staining reaction of plasma cells may be lacking In view of then 
uncertain identity, Wallgien ® suggested that they be spoken of meiely 

63 Atkinson, F R B Multiple Myelomata, M Press 195 312 and 327, 1937 
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as myeloma cells Zadek and Lichtenstein/'''^ Hallay and Odor and 
others expiessed the same opinion Accoidmg to Zadek and Lichten- 
stein, the cells that foim myeloma are not normal bone marrow cells — 
that IS, they are neither typical myeloblasts, nor lymphoblasts nor char- 
acteristic plasma cells The cells are abnormally differentiated 
(entdtffeienciejte) cells derived from the bone marrow, which in accord- 
ance with Wallgren’s suggestion, aie to be designated myeloma cells 

Tiansitional types between myeloblasts and plasma cells were seen 
m the case reported here, as in the cases of Cappell and others 
Christian wiote 

It seems possible to arrange the cells of these tumors in senes so that between 
the cells of succeeding cases the differences are slight, though the differences 
between the cells at the extremes are fairly great 

That “myeloma cells” are I'elated to myeloid cells is indicated by the 
fact that Forman and Warren and Beck and McCleary reported 
cases in which the peroxidase reaction was positive In others, how- 
ever, as, for example, Moise’s”® 3 cases and Burnett and Johnson’s 
case, the reaction was negative Since the test is not reliable for 
veiy young cells, a negative reaction is without diffeiential diagnostic 
value 

Zadek and otheis'^® offered the opinion, based on studies of mar- 
row obtained by sternal punctuie, that plasma cells are derived, even 
normally, from the reticuloendothelial stroma of the bone marrow, and 
that myeloma cells have the same origin 
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Support for the contention that only one type of cell is involved in 
all cases of multiple myeloma is found in the fact, which has been 
pointed out by others,®® that in leceiit years the number of reports of 
plasmacytoma, compaied with other types, has increased Thus, Wall- 
gren found that of the 25 cases leported between 1900 and 1904, in 
only 3 was a diagnosis of plasmacytoma made, whereas in half of the 
30 cases between 1905 and 1909 and 15 of the 25 between 1910 and 
1914 that designation was given Fleischhacker and Khma found 
that all but 1 of their 10 cases were instances of plasmacytoma, and 
the diagnosis m the exceptional case was not veiified by neciopsy 

The case reported heie illustiates the difficulties that ma) be met 
The testicular tumors and the bone mariow contained many so-called 
atypical plasma cells, and othei cells, found also in the kidneys and 
spleen, appealed to be myelocytes and myeloblasts Houevei, I am 
convinced that all of them weie vaiiations of the same basic type This 
IS in accord with the views of Smith and Silberberg,®- who ^\lOte 
regarding their case that the “multiple myeloma of the hemoblastic t\ pe 
consisted of a laige vaiiety of blood cells in vaiious stages of 
differentiation” and stated 

It IS only logical to assume that all the diftercnt cell types may have a common 
source This progenitor cell, proliferating under tumor conditions, retains all its 
hematopoietie potentialities so that differentiation may take place in all directions 
and a most varied cytologic structure result 

Patek and Castle stressed “the desii ability of regaiding this plasma 
cell tumor (plasmacytoma) as a pathologic entity whose different forms 
are not distinct diseases, but aie simply gradations m extent and 
activity of the same disease process” Fiom a histologic standpoint, 
therefore, multiple myeloma may be legaided as an entity This does 
not mean that attempts to recognize subgioups or variations (eiythio- 
blastic, myeloblastic and plasmacytic) should be abandoned I agree 
with Pentman that theie are difteiences m type but not necessaril) 
in origin 

RELATION or MYELOMA TO LEUKEMIA 

The diffuse nature of the medullary gi owth in this and other repoi ted 
cases®® strengthens the belief that multiple myeloma is related to the 
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leukemias The testicular tumois m the present case were not ciicum- 
sciibed but lesembled the extramedullary nodular infiltiations found 
in the internal oigans m some cases of leukemia (fig 2) Foord and 
Randall"'’ found a leukemia-like giowth of plasma cells in the spleen, 
lymph nodes, liver and adienal glands Seemann has pointed out the 
similaiity between myeloma and chloroma Battaglia,®^ Piney and 
Riach and Osgood and Hunter®'*'’ called attention to the moiphologic 
giadations in the development of myelomatous tissue, from sohtaiy or 
scattered circumscribed nodules to diffuse hypeiplasia, the latter closely 
resembling leukemia According to Hamman,®® multiple myeloma 
‘‘belongs to that remarkable group of diseases that stand midway 
bet\\ een the leukemias and the malignant tumors ” 

In several reported cases the “myeloma cells” have been observed 
in the circulating blood, in 1 case making up as much as 70 per cent of 
the leukocytes In m}'- case the greatest concentration found at any 
time was 10 per cent (fig 4) In addition, there were some unclassified 
cells, some or all of which probably belonged to the same categoiy 
Osgood and Hunter expi essed the belief that their patient, with 54 
per cent “plasma cells” in the blood, had plasmacytic leukemia rathei 
than multiple myeloma I doubt that such a differentiation was war- 
ranted It IS moi e likely that the difference was merely one of diffusion 
or of ciicumscription of the same fundamental pathologic process 

Vance®® in 1916 wrote that in “no case have myelocytes been found 
in the circulating blood ” That is no longer true Several writers have 
since then reported the presence not only of myelocytes but of myelo- 
blasts in the peripheral blood In the case presented here they were 
present almost constantly (fig 4), making up from 2 to 19 per cent 
of the leukocytes It was because of this that the differentiation from 
myeloid leukemia was not established until histologic study of the 
testicular tumor and necropsy material had been made Such a differ- 
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entiation may be difficult and, perhaps, not always warranted Strong 
supporting evidence of the similarity and close relation of these dis- 
eases IS supplied by Furth’s experiments with mice, in which, after 
injection of a transmissible strain of myeloid leukemia, leukemia devel- 
oped in some animals and myeloma in otheis Among the differences 
between the two conditions, Battaglia mentioned the greater tendency 
of leukemia to infiltiate extiaosseous tissues and of myeloma to destroy 
bone and to form nodules Despite these differences the evidence is 
against Deelman’s terse dictum “Myeloma is a tumoi , leukemia is 
not a tumor ” 

The following suggested classification of myelomas emphasizes the 
tiansition and relation between various types, bordering at one extieme 
on the definite neoplastic tumors and at the other on leukemia 

1 Solitary benign tumor in oi out of the bone mairow, which may 
be amenable to surgical removal oi iiiadiation with hope of cine 

2 Single 01 multiple malignant tumoi of the bones, with or with- 
out extraosseous growth 

3 Diffuse myelomatosis of the bone mariow, witb oi without infil- 
tration of other oigans 

4 “Plasmacytic” leukemia 

This schema is in agi eement with the idea Waugh expressed 
about the “inteii elation of various systemic hematopoietic processes,” 
according to which they “foim a quite definite senes which blends from 
one into the other ” Schmidt wrote as long ago as 1900 that a close 
relation existed between myeloma and pseudoleukemia on the one hand 
and sarcoma on the other, and that with these as well as with lymphoma 
and lymphosaicoma it is not easy to draw the line between hyper- 
plasia and true tumor 

Certain expeiimental studies lend stiong support to the conception 
of Unitarian oiigin of the vaiioiis foims of myeloma and of its inter- 
mediate position between frank tumor and diffuse hyperplasia Fischer- 
Wasels produced a variety of lesions, including lymphosarcoma and 
myeloid leukemia, in mice subjected to mild but prolonged poisoning 
with indole More lecently Furth,”^ expei imenting with the tiansmis- 
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Sion of myeloid leukemia in mice, found that he could pioduce localized 
tumors or extensive, moie oi less diftuse infiltiation of several organs 
and the piesence of leukemic cells in the cii dilating blood, depending 
on ivhethei the injections weie made subcutaneously or intiavenously 
These lesults weie confiimed by Kaalund-Jj^Jigensen Fuith, Seibold 
and Rathbone®'' obtained similar lesults with lymphomatosis of mice 
More impoitant still m this connection aie the previously cited additional 
expeiiments of Fuith,®'* in which intiavenous injection of a transmissible 
strain of myeloid leukemia in mice resulted in the development of diffuse 
myelosis in some of the animals and of multiple myeloma in otheis 

SUMMARY AND CONCLUSIONS 

A case of multiple myeloma is lepoited in which there were cer- 
tain notewoithy featuies, including tumois in the testes, absence of 
pain, absence of definite loentgen evidence of the disease m the bones, 
presence of myeloma cells in the circulating blood and hypeiproteinemia 
without Bence Jones pioteinuria As a result of a study of this case 
and a leview of the liteiatuie, certain conclusions may be drawn 

1 Multiple myeloma is a neoplastic disease occupying a position 
midway between frank tumois and diffuse (leukemic) hypeiplasia 
The giowths aie composed of cells of myeloid oiigin, which usually 
lesemble plasma cells and which may differentiate m vaiying directions 
to foim apparently distinct types of the disease 

2 The usual site of oiigin is the bone maiiow but extramedullary 
oiigin may occui 

3 The outstanding symptoms are pain and weakness, but pain may 
not develop until injuiy to a diseased bone occui s, it is usually absent 
in extiaosseous lesions and may not be piesent when the piocess m 
the bone marrow is diffuse Multiple myeloma should be thought of 
as a possible cause of unexplained pain in vaiious paits of the body, 
especially backache 

4 Renal disease is a common complication of multiple myeloma 
In some cases it appeals to be a foim of hydi onephrosis secondary 
to tubulai obstruction by casts of Bence Jones piotein, in others the 
mechanism of its pioduction is not known 

5 Treatment in the majority of cases is wholly symptomatic, 
exposuie to roentgen lays may be effective in lelieving pain The 
prognosis is hopeless, except m the occasional cases of solitary tumor, 
in which suigical lemoval or roentgen theiapy may result in cure 

95 Kaalund-JpJigensen, 0 Eine ubenmpfbaie Myelomatose der Mans, Ztschr 
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6 Examination b}^ means of loentgen lays is one of the most 
important diagnostic procedmes, although the ladiologist may be unable 
to differentiate between myeloma and metastatic carcinoma Other 
methods of examination may be of equal oi even greater value They 
may confirm a suspicion of myeloma, or they may suggest the diag- 
nosis when it had not been thought of befoie They include 

(a) Biopsy of an involved portion of bone It establishes the diag- 
nosis with reasonable certainty if it shows the presence ot typical 
myeloma cells 

(b) Steinal punctuie It may reveal the chaiacteiistic cells, even 
when the sternum is not giossly affected 

(c) Hypeipiotememia A serum protein level of moie than 10 
per cent is unusual with other diseases 

(d) Hypei calcemia, with a noimal oi high serum phosphoius le^eI 
This combination distinguishes multiple mjeloma fiom hypei paiathy- 
roidism 

(e) Bence Jones pioteinuiia Although absent m man) cases and 
present occasionally with other diseases, it is stiong piesumptive evi- 
dence of multiple m)eloma 

(/) The piesence of myeloma cells ("atypical plasma cells’) in 
the cii dilating blood They aie usually absent, but may be piesent in 
large iiumbeis and may then be the fiist definite sign pointing to the 
coirect diagnosis 
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In 1924 Fishei ^ and Allan, Bowie, Macleod and Robinson - reported 
that completely depanci eatized dogs adequatel} tieated with insulin 
usually failed to survive more than two to thiee months At autopsy 
the most prominent change observed was an extensive fatty infiltra- 
tiation and degeneiation in the liver In geneial these findings have 
been widely confiimed Occasional animals have been observed in 
which the fatty changes developed and death occuiied in five to six 
weeks, while others have suivived foi six months to a year and still 
others have failed to show any evidence of disease of the liver and 
have survived for long peiiods with no supplemental y tieatment other 
than the insulin therapy The latter constitute a small minority and 
will be discussed latei The addition of raw pancreas to the diet of 
the depancreatized dog was found by Allan, Bowie, Macleod and Rob- 
inson to prevent or relieve the fatty changes m the liver and to permit 
the animal to survive indefinitely when treated also with insulin In 
1936 Diagstedt, Van Piohaska and Harms ® reported that the beneficial 
effect of feeding pancieas in this connection could not be accounted 
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for on the basis of its content of pancreatic enzymes oi of choline but 
was due to a specific substance, believed to be a new hormone The 
name hpocaic was suggested foi this substance It is the puipose of 
the present leport to present further evidence which indicates that 
hpocaic is an internal secretion of the pancreas 

FATTY CHANGES IN THE LIVER IN DIABETES MELLITUS AND 
IN PANCREATIC DIABETES 

The occuiience of fatty changes in the hvei in diabetes melhtus 
has appaiently long been known and was desciibed from time to time 
in the older hteratuie Moie lecently (1931) Meyer ^ leported that 
hepatic d)sf unction was fiequent in diabetes melhtus and that in 28 
per cent of the series of cases studied by him there was eithei laboiatory 
01 clinical and laboratoi} evidence of impaiiment of the hvei In 
contiast to othei observers, he concluded that the oldei the patient 
and the longei the diabetes melhtus remained unconti oiled, the moie 
frequently hepatic dysfunction became demonstrable White® (1932) 
remarked that fatty infiltration of the liver in diabetic childien was 
common and presented loentgen evidence of decrease in its size aftei 
administration of insulin and dietetic management Hanssen ® (1936) 
found marked enlaigement of the hvei in 12 of a senes of 44 diabetic 
patients under 20 yeais of age Heie also the enlargement receded 
undei bettei contiol of the diabetes by the use of piotamine zinc insulin 
and a diet relatnely low in carbohydiate 

Von Mehring and Minkowski' (1890) called attention to the accu- 
mulation of fat in the hvei in depancieatized dogs that died of diabetes, 
and a vivid pictuie of this condition was given by Naunyn ® (1906), 
who likened the micioscopic appeal ance to that of the hvei in the most 
severe type of phosphoius poisoning These obseivations weie con- 
firmed by many woikers in the peiiod befoie the isolation of insulin, 
and we have seen the manifestation many times 

4 Mej'er, E L Function of the Lner in Diabetes Melhtus Arch Int Med 
47 182 (Feb) 1931 
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FATTY INFILTRATION OF THE LIVER IN DEPAN CREATIZED DOGS 
DUE TO POOR CONTROL OF THE DIABETES BY INSUFFICIENT 
AMOUNTS OF INSULIN AND FATTY CHANGES IN THE 
LIVER DUE TO LIPOCAIC DEFICIENCY 

The recognition of the occuiience of fatty infiltration of the liver 
both in diabetes melhtns and in pancieatic diabetes due to inadequate 
adinimstiatioii of insulin laised the question as to the relation of this 
type of fatty liver to that due to lipocaic deficiency The following 
experiments weie done to give some information on this pioblem 

Complete pancreatectomy was perfoimed on 2 dogs and a diet of 
biead, meat and milk provided, but no insulin given At the time of 
opeiation the livers were observed to be normal in size and color, and 
micioscopic examination of biopsy specimens showed the usual mini- 
mum amount of fat One animal was killed after forty-eight hours 
and the othei after seventy-two hours A marked fatty infiltration m 
the liver (graded 4 plus) was found m each case Pancieatectomy 
was then perfoimed on 3 additional animals In each case the liver 
was observed to be of noimal color and size at opeiation, and sections 
stained foi fat showed no fat oi a few fine gianules The diet was 
again bread, meat and milk, and no insulin was administeied After 
twenty-four houis a biopsy was made of the liver of 1 animal and a 
definite fatty infiltiation (graded 2 plus) was found After the biopsy 
this animal was placed on protamine zinc insulin tlieiapy and the dia- 
betes well controlled After nineteen days of such treatment a second 
biopsy was made, and at this time the liver was found to be normal 
The diet and insulin tieatment weie then continued as befoie for sixty- 
six days The animal then began to show evidence of lipocaic deficiency 
(deci eased excretion of dextrose, mci eased sensitivity to insulin and 
deci eased activity), and a thud biopsy of the liver disclosed a return 
of fat in the hvei, moie marked than before (graded 3 plus) The 
couise of events foi the othei 2 depanci eatized dogs was similai 
Both showed marked fatty infiltration of the livei (graded 4 plus) m 
twenty-four and in nmety-six houi s when given no insulin Good control 
of the diabetes with protamine zinc insulin pioduced a complete lemoval 
of fat from the liver in 1 animal m nine days and a marked reduction 
m the othei in foui weeks In each case the insulin tieatment was 
continued, but in spite of this a leaccumulation of fat occurred in the 
iivei in forty-five and in ninety-thiee days in these 2 animals Both 
showed the usual signs of lipocaic deficiency, and both responded to 
the oral administration of lipocaic by increased excretion of dextrose, 
increased insulin tolerance and removal of fat from the liver 

Numeious other observations have been made which confirm the 
findings in the experiments just described These may be summarized 
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in the following geneial statement An immediate and marked accu- 
mulation of fat occurs in the In^ei cells of dogs within the first two oi 
tliree days after complete pancreatectomy This is particularly striking, 
in well nourished or fat animals and when no insulin or lelatively 
small doses are given and a large excietion of dextiose occuis Such 
animals often exhibit maiked lipemia (total lipids reaching 2 to 3 
per cent), and seveie acidosis ma} occur These abnormalities are 
probably to be attributed to pooi contiol of the diabetes with insufficient 
amounts of insulin They aie piomptl}^ corrected when insulin is 
admimsteied in a moie adequate amount and manner However, when 
this IS done and treatment of the diabetes is cairied out most caiefully, 
there occurs a steadily lessening excretion of dextrose in spite of con- 
tinually decreasing doses of insulin, until aftei six to eight weeks the 
animal may exciete only a gram oi 2 per day and receive onl} 2 to 3 
units of insulin Larger amounts of insulin, even 5 units, may at this 
time piovoke fatal hypogl 3 'cemic compulsions Supeificiall} it might 
appear as though the animal were recoveiing from the diabetes How- 
ever, progressive weakness and loss of appetite develop, the animal 
becomes emaciated, and death occuis At autopsy the hvei is found 
to be enlarged to thiee oi foui times its noimal size and so mfiltiated 
with fat that the noimal stiuctuie is entiiely obscuied 

These findings suggest that two entirely distinct types of fatty liver 
develop in depancreatized dogs, one due to insulin deficiency and 
one due to lipocaic deficiency As wfil be described in detail elsewliere, 
there appear to be definite histologic difleiences between the two types 
In the type that appears early m depanci eatized dogs treated inadequately 
with insulin, the normal lobular architectuie is preserved and the fat is 
usually piesent in the Iner cells in the foim of fine granules oi small 
droplets In the type that appeals latei (in six to eight weeks as a lule), 
the structure of the liver is usuall)'’ destioyed and large droplets of fat 
occupy the place of the hvei cells Evidence of impaired hepatic func- 
tion, as revealed by the bromsulphalein test, is almost always present, 
whereas it is less common with fatty liver of insulin deficiency The 
most significant difterence between the tivo types, however, lies in the 
response to insulin The animal ivith fatty liver due to pooi conti ol of 
the diabetes tolerates large doses of insulin well, and such tieatment 
clears the liver of fat and reduces the hyperlipemia when this is piesent 
The animal with fatty liver due to hpocaic deficiency displa}'s commonl}'^ 
hypohpemia, and hypoglycemic convulsions develop wnth small doses 
of insulin Fuithermore, when such animals succumb to the insulin 
they still have the excessively fatty liver 

Evidence suggesting the occuiience of these tw'o types of fatty infil- 
tration of the hvei in human diabetes melhtus has lecently appealed 
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Grayzel and Radwin® (1938) treated 3 young diabetic patients ^\lth 
hepatomegaly by means of lipocaic and secured a staking recession of 
the liver to its noiinal size When the hpocaic was discontinued, the 
hepatomegaly returned, and it again receded when lipocaic therapy 
was resumed The diabetes m these patients had been well controlled 
by diet and insulin therapy Rosenberg^® (1938) reported a case m 
which marked hepatomegaly and impaired hepatic function in an adult 
with mild diabetes did not improve with better control of the diabetes 
by diet and insulin therapy A biopsy specimen of the liver secured at 
operation revealed a marked fatty infiltration similar to that seen in 
the depancreatized dog The administration of hpocaic brought about 
improvement in hepatic function, recession in the size of the liver and 
disappearance of the fat, as revealed by a second biopsy Maible, White, 
Bogan and Smith (1938) studied 60 cases of pronounced hepatomegaly 
among 1,077 diabetic children m Joslin’s clinic and came to the conclu- 
sion that the manifestation resulted from fatty infiltration and was usually 
due to poor contiol of the diabetes The oral administration of raw 
pancreas in 2 cases and of betaine hydrochloride in 12 produced little 
or no improvement, while better control of the diabetes by the use of 
piotamme insulin did result m decrease in the hepatomegaly It is 
noteworthy that the patients displayed no impairment of hepatic function 
and were not unusually sensitive to insulin, as is true of persons with 
fatty liver of hpocaic deficiency 

SURVIVAL OF COMPLETELY DEPANCREATIZED DOGS TREATED WITH 
INSULIN WITHOUT THE ADDITION OF LIPOCAIC, CHOLINE 
OR LECITHIN IN THE DIET 

Tfie conclusion independently arrived at by Fisher^ (1924) and by 
Allan, Bowie, Macleod and Robinson^ (1924) that the completely depan- 
creatized dog would not suivive more than a few months even though 
adequately treated with insulin was supported by the subsequent studies 
of Best and his associates The data presented in a previous report 

9 Grayzel, H G, and Radwin, L S Hepatomegaly in Juvenile Diabetes 
Mellitus Treated with Pancreatic Extract, Am J Dis Child 56 22 (July) 1938 

10 Rosenberg, D H Am J Digest Dis 5 607, 1938 

11 Marble, A , White, P , Bogan, I K, and Smith, R M Enlargement 
of the Liver in Diabetic Children, Arch Int Med 62 740 (Nov ) 1938 White, P , 
Marble, A , Bogan, I K, and Smith, R M ibid 62 751 (Nov) 1938 

12 (fl) Best, C H , Channon, H J, and Ridout, J H J Physiol 81 409, 

1934 (&) Best, C H , Ferguson, G C, and Hershey, J M ibid 79 94, 1933 
(c) Best, C H , and Hershey, J M ibid 75 49, 1932 {d) Best, C H , 

Hershey, J M, and Huntsman, M E ibid 75 56, 1932 (e) Best, C H , and 
Huntsman, M E ibid 75 405, 1932 (/) Best, C H , and Ridout, J H ibid 
78 415, 1933 
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from this laboiatory^^ weie in harmony with this view Eight depan- 
creatized dogs treated with insulin and given a diet of meat, bread and 
milk and large amounts of pancreatic juice suivived onl) twenty-foui, 
forty-one, forty-five, fifty-six, sixty-five, sixty-eight, seventy-five and 
one hundred and forty- two days All these animals w'ere found to have 
extensive fatty infiltration of the liver at autopsy We now have data on 
154 depancieatized animals In 92 per cent of the total number fatty 
changes in the liver w^ere revealed by laparotomy and biops} In 4 of a 
later group insulin therapy and a diet of bread, whole milk and meat 
with the daily addition of cod liver oil and brewers’ yeast but without 
hpocaic or choline supplements were continued All died, m tw^enty-six, 
thirty-one, sevent 3 ^-five and one hundred and fifty-five days, and at 
autopsy the liver in each case contained over 30 per cent fat by chemical 
analysis In 13 of the 154 the livei lemained normal on repeated 
examination These animals wei e not given hpocaic or choline but w ei e 
continued m the laboiatory on various different diets All eventually 
died, after inteivals varying betw'een two and seventeen months It is 
thus evident that in a small proportion of insulin-treated depancreatized 
dogs (about 8 per cent m our senes) the characteristic fatty changes in 
the liver do not develop The reason for this is obscure It is probabi} 
not due to the presence of accessoiy pancreatic tissue, since wnth a 
little experience it is not difficult for an observer to be sure that all 
pancreatic tissue is removed at operation, and the intramural poi tions of 
the pancreatic ducts have ahvays been excised In a recent papei 
Chaikoflf and Kaplan (1937) reported that “When maintained wuth 
insulin and a high-calone, high-protein, high-vitamm diet completely 
depancreatized dogs maj'’ survive foi as long as 4 to 5 years,” and that 
“This length of survival makes it unnecessary to assume that raw 
pancreas or extracts thereof or choline supplements (i e , m addition 
to that contained in the dietary constituents) aie essential foi the 
survival of the completely depancreatized dog leceiving insulin’ It is 
possible that the discrepancy betw'^een the conclusions of these workers 
and those we have made from our own data may be accounted for in 
part by the following quotation from their paper “In order to avoid 
chronic undernutrition, animals that failed to regain a good appetite 
within a month or so aftei pancreatectomy were discarded ” It has 
been our experience that insulin-treated depancieatized dogs suffering 
from hpocaic deficiency usually display, among other symptoms, a loss 
of appetite and deci eased activity This is regularly associated with a 

13 Van Prohaska, J , Dragstedt, L R , and Harms, H P Am J Physiol 
117 166, 1936 

14 Chaikoff, I L , and Kaplan, A J Nutrition 14 459, 1937 
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fatty liver and is pioniptly relieved by admmistiation of lipocaic For 
this reason among others it does not seem wise to us to discard pait of 
the data in attempting to decide the usual course of the insulin-treated 
depancreatized dog 

As noted before, 92 per cent of 154 insulin-treated clepancieatized 
dogs m our series showed fatty changes in the liver which could be 
attributed to lipocaic deficiency Twelve of these, including the 8 
animals reported on in a previous paper, were given no eftective 
supplementary treatment, and all died within a few months The great 
majority of the animals with fatty liver were given supplementary 
treatment with raw pancreas, vaiious pancreas fractions, choline or 
betaine hydrochloride In spite of this, a good many valuable data 
bearing on this question of survival have accumulated which because 
of limitations of space cannot be presented in detail In man}’- instances 
depancieatized animals with fatty liver displaying the other symptoms 
of lipocaic deficiency (decreased activity, loss of appetite, decreased 
excretion of dextrose and decreased insulin tolerance) have been restored 
to normal by the administration of an effective pancreas preparation and 
maintained so for several months, only to expeiience prompt develop- 
ment of fatty liver again and die when the lipocaic was discontinued. 

CRITERIA OF LIPOCAIC DEFICIENCY 

The symptoms and signs of lipocaic deficiency were described ni 
large part in a previous paper and have been alluded to in the 
foregoing section An erroneous impression has arisen somehow that 
the sole criterion of lipocaic deficiency employed in this laboratory has 
been the demonstration by histologic means of fat in a small section of 
liver taken by biopsy (Chaikoff and Kaplan, Aylward and Holt,^"^ 
Ivy and Crandall Indeed, Aylwaid and Holt stated 

It may not be out of place, however, to point out that Dragstedt and his 
collaborators rested their case entirely upon histological evidence, which does 
not invariably give an accurate picture of the chemical state of the liver 

Because of this confusion, we should like to repeat here the criteria 
that have been employed both for the demonstration of lipocaic and for 
determining the activity of a pancreas extract under study 

In the final analysis the demonstration of lipocaic depends on the 
recognition that the depancreatized dog fed a mixed diet of protein, 
carbohydrate and fat is not restored to a noimal state by the adequate 

15 Aylward, F X , and Holt, L E J Biol Chem 121 61, 1937 

16 Ivy, A C, and Crandall, L A , in Luck, J M Annual Review of 

Biochemistry, Stanford University, Calif , Stanford University Press 1938 vol 7 
p 404 ' 
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administration of insulin and the external pancreatic secretion The oral 
administration of pancreas or of a fat-free alcoholic extract of pancreas 
corrects the remaining deficiency, prevents the accumulation of abnormal 
amounts of fat m the liver and makes survival for a long period m a 
good nutritional state possible In the assay of pancreas fractions for 
lipocaic, seveial animals, usually 3, were depancreatized and placed on a 
standard diet, and careful measurement was made of the amount of 
dextrose excreted daily and the insulin requirement Commonly 20 to 
30 units of legular insulin daily were required to keep the dextrose 
excretion under 10 Gm , although wide variations were found m different 
animals A pi ogressive decrease m dextrose excretion and a consequent 
decrease m insulin requirement were found to occur, so that after four to 
SIX weeks the animals might excrete less than 5 Gm of dextiose daily 
and receive only 2 to 5 units of insulin and even on these small doses 
display severe and even fatal hypogl 3 'cemic convulsions Symptoms such 
as decreased activity, loss of appetite, apathy and some muscular weak- 
ness weie usually apparent A laparotomy was then done and the liver 
inspected A marked fatty infiltration of the liver is unmistakable even 
on gross inspection, and model ate degrees of fatty change are readily 
appreciated The In er is enlarged, bright yellow and friable A biopsy 
specimen may be secured with little or no bleeding Usually the fat 
appealed to be uniformly distributed through the liver, and a representa- 
tive section was ah\ ays chosen foi the biopsy In our first experiments 
histologic examination onty was made of the biopsy specimen, but during 
the past tv o years this has been supplemented by chemical determination 
of the total lipid content Aftei the laparotomy and biopsy the animals 
were fed the test panel eas fraction and the material was concluded to 
contain an effective dose of hpocaic if the animals displayed clinical 
lmpro^ement (increase in weight, increase in appetite and increased 
activity), an increase in dextrose excretion (occasionally to as much as 
20 to 60 Gm per day) and an mciease m insulin requirement and toler- 
ance (a return to the amount of insuhn required immediately after 
pancreatectomy) This conclusion was always verified by a second 
laparotomy, inspection of the liver and biopsy Since the previous report 
we have made use of two additional ciiteria, namely the bromsulphalem 
test of hepatic function (Goodpasture, Veimeulen, Donovan and Drag- 
stedt^") and measurement of the concentiation of the total blood lipids 
In the piesence of a fatty liver due to hpocaic deficiency the hepatic 
function IS impaired, as indicated by abnormal retention of bromsulpha- 
lem, and the concentration of total lipids m the blood is reduced to about 

17 Goodpasture, W C , Vermeulen, C , Donovan, P B, and Dragstedt, L R 
Am J Physiol 124 642, 1938 
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half the normal conceiitiation Both are returned to normal, usually 
within two weeks, by the oral administration of an adequate dose of 
hpocaic 

Ciiticism directed to our use of laparotomy, inspection and biopsy 
of the liver m these studies seems to us unwarranted The most obvious 
defect m the depancreatized insulin-treated dog is the extreme fatty 
change in the liver We are interested in detei mining the theiapeutic 
effectiveness of various pancreatic extiacts in this condition It seems 
obvious, then, that the presence of fatty liver should be veiified before 
the test IS made, particularly since, as we have indicated, not all depan- 
creatized dogs show it It IS true that determination of the amount of 
fatty infiltration in the liver by inspection and microscopic examination 

Table 1 — Coj) elation Between the Estimation of Fat in the Livc\ by 
Histologic and by Chemical Methods 
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* The normal liver contains considerable tat which is not visible in stained sections 


IS not always accurate, especially when only slight changes exist, but 
then, of course, no conclusions can be drawn Estimation of the degree 
of fatty infiltration in the liver by histologic methods is, however, more 
accurate than some physicians may have supposed This is e\ ident from 
inspection of table 1, in which are included data from biopsy of 50 
livers m which independent histologic examination and chemical deter- 
mination of fat content were made by two different observers Sections 
were stained with scarlet red and the amount of fat present indicated by 
grades from zero to 4 plus For the chemical determination of fat a 
portion of the fresh biopsy specimen was repeatedly extracted with 
alcohol and ether with the aid of a reflux condenser after being ground 
with sand The solvent was then removed by evaporation and the 
remaining fat weighed Individual variations of considerable magnitude 
in the results obtained by the two methods may be found, but in general 
the correlation was satisfactory for the purpose, particularly when con- 
siderable amounts of fat were present 
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That variations in the distribution of fat within a given fatty liver 
exist has been found by Chaikoff and Kaplan^® (1937) and is also 
illustrated by data from our own experiments (table 2) In our experi- 
ence, however, these variations were so slight as to be of no consequence 
in interpreting the eftect of the deprivation of hpocaic on therapy 

INCIDENCE OF FATTY CHANGES IN THE LIVER IN DEPANCREATIZED 
DOGS TREATED WITH REGULAR INSULIN AND WITH 
PROTAMINE ZINC INSULIN 

In discussing the papers of Dragstedt, Van Piohaska and Harms, 
Wilder and Wilbur^® (1937) made the suggestion 

That the discontinuous action of insulin, when readily soluble (regular) insulin 
IS given by infrequent injection, may be responsible for the hepatic degeneration 
of depancreatized animals and that pancreas and derivatives of pancreas given by 


Table 2 — Distribution of Fat as Detei mined by Chemical Analysis in Diffeient 
Poi tions of the Livei of Depanci eatized Dogs (Specimens Secured at Autopsy) 
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mouth could owe their curative and prevents e properties to some action whereb\ 
a more continuous insulin effect is maintained 

Such an explanation, if correct, would simplify the situation consideiably 
The available data from our laboratoiy, however, indicate that the inci- 
dence of fatty infiltration of the liver m depancreatized dogs treated with 
protamine zinc insulin is just as great as in those treated with legular 
insulin From Jan 1, 1935, to Jan 1, 1937, the depancreatized animals 
in our laboratory were treated with regular insulin From Jan 1, 1937 
to May 1, 1938, protamine zinc insulin was used, and fiom this time to 
the present we have used regular insulin In all, 154 animals have been 
depancreatized Of these, fatty changes m the liver which could be 
attributed to hpocaic deficiency developed m 116 In 13 the liver 
remained noimal, although these were obseived long enough for a fatty 
liver to appeal within the usual time Twenty-five of the animals died 

18 Chaikoff, I L, and Kaplan, A J Biol Chem 119 423, 1937 

19 Wilder, R M , and Wilbur, D L Diseases of Metabolism and Nutrition 
Review of Certain Recent Contributions, Aich Int Med 59 329 (Feb ) 1937 

20 All insulin used in this study was furnished bv Eh Lillv & Co 
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soon aftei the operation or were used for other types of experiment, so 
that data concerning the appearance of the fatty changes m these are 
not reliable Thus, in our experience fatty changes in the liver which 
may be attributed to lipocaic deficiency occur in about 90 per cent of 
insulin-treated depancreatized dogs Data with respect to the extent of 
the fatty infiltration m the liver and the time of onset i\eie obtained by 
several criteria of lipocaic deficiency, namely (1) rate of decrease of 
dextrose excietion, (2) rate of decrease m insulin requiiement or tolei- 
ance, (3) loss of appetite and decreased activity, (4) hepatic function 
determined by the bromsulphalem test and (5) results of microscopic 
and chemical examination of a representative section aftei laparotomy, 
inspection of the liver and removal For 31 animals given regular insulin 
on which complete data were secured, biopsy specimens of the liver 
were obtained an average of thirty-six days after pancreatectomy Nine 
ot these showed an average of 37 3 per cent (4 plus) , 12, 22 1 per cent 
(3 plus) ,9, 14 1 per cent (2 plus), and 1, 11 per cent (1 plus) fat in 
the liver For 20 animals given protamine zinc insulin on which com- 
plete data were obtained, biopsy specimens of the liver weie secured an 
average of thiity-six days after pancreatectomy Four of these showed 
an average of 38 3 per cent (4 plus) , 10, 24 4 per cent (3 plus) , 3, 13 4 
per cent (2 plus), and 3, 9 5 per cent (1 plus) fat in the liver It is 
thus evident that there is no significant difference between the animals 
given regular insulin and those given piotamme zinc insulin m respect to 
the time of onset of the fatty changes in the liver or their severity 

The use of protamine zinc insulin provides better control of the dia- 
betes in the sense that a constant absorption of small amounts produces a 
state more nearly simulating normal than is secured by the use of regular 
or soluble insulin The same incidence of fatty liver in the two series is 
further evidence that the type of fatty infiltration involved here is not 
due to poor control of the diabetes It is difficult to avoid hypoglycemic 
convulsions when protamine zinc insulin is employed in the treatment of 
experimental diabetes, largely because of variations in the amount of 
food ingested by the animal from day to day and of a cumulative effect 
of the slowly absorbed insulin These convulsions are much moie difficult 
to treat than those occurring with regular insulin therapy and occasion a 
considerable mortality For this reason we have returned to the use of 
legular oi soluble insulin 

EFFECT OF THE ORAL ADMINISTRATION OF INSULIN ON THE 
DEVELOPMENT OF FATTY LIVER IN 
THE DEPANCREATIZED DOG 

Can the beneficial effect attributed to lipocaic be accounted for on the 
basis of an unknown action of insulin given by mouth ? Will the pres- 
ence of insulin in the intestine prevent fatty infiltration of the liver in 
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depancreatized dogs^ In our first preparations of lipocaic varying 
amounts of insulin were undoubtedly present Foi these reasons the 
following experiment was performed On Feb 3, 1936, an animal was 
submitted to total pancreatectomy and placed on a diet of bread, whole 
milk, meat, cod livei oil and brew'-eis’ yeast Regular insulin w^as 
given On Feb 29, 1936, a laparotomy was done and the liver seen 
to be fatty on gross and microscopic inspection , a section contained 32 
per cent fat by chemical examination An adequate dose of lipocaic 
was then added to the previous diet, and on March 29, 1936, a third 
laparotomy was done The livei w^as found to be normal Fifty milli- 
grams of dried powdered insulin, containing 1,200 units, w'as then substi- 
tuted for the lipocaic and fed wuth the regular diet for thirty-six days 
On May 4, 1936, a fourth laparotomy w^as done and the liver was 
found again to be fatty (3S 4 pei cent) On May 9, 1936, the animal 
died, and autopsy confiimed the extensive fatt}’' infiltration and degen- 
eration in the liver The results of this one experiment w^ere so definite 
and the amount of insulin used so laige that it seemed unnecessary to 
repeat it It is interesting that the oral administration of this tremendous 
dose of insulin had no effect wdiatever on the dextrose excretion, and it 
IS equally apparent that it had no beneficial effect on the fatt} infiltration 
in the liver 

EFFECT OF CHOLINE AND BETAINE HYDROCHLORIDE ON THE FATTY 
INFILTRATION OF THE LIVER IN DEPANCREATIZED DOGS 

MacLean and Best (1934) repoited that the oral administration 
of choline in doses varying from 1 5 to 2 25 Gm per day w'as effective 
in relieving fatty liver in depancieatized dogs This obser\ation was 
confirmed by Van Prohaska, Dragstedt and Harms (1936), w^ho 
reported a beneficial effect obtained with as little as 1 Gm of choline 
daily, but that smaller doses were ineffective Since this report we 
have given choline to 6 additional depancreatized dogs, with the follow- 
ing results Four of the animals w^ere placed on a diet of bread, milk, 
meat, cod liver oil and brewers’ yeast, and the glycosuria was partially 
controlled with regular insulin One animal, whose liver on biopsy 
showed fat, 2 plus (13 4 per cent), was given 200 mg of choline daily for 
thirty days, after which a second biopsy disclosed an inciease in the 
amount of fat (3 plus, or 22 2 per cent) This animal w^as then gn^en 
1 Gm of a fat-free extract of pancreas for twenty-nine days, and at that 
time the liver was found to be normal A second animal with a very 
fatty (4 plus, or 37 per cent) liver was given 500 mg of choline daily foi 
ten days, after which it died of hypoglycemic convulsions The fat 


21 MacLean, D L, and Best, C H Bnt J Exper Path 15 193, 1934 
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content of the liver was unchanged A thud animal with a very fatty 
(4 plus, or 33 pei cent) liver was given 700 mg of choline daily foi 
twenty-eight days, after which a second laparotomy and biopsy disclosed 
an inciease in the fat content to 43 pei cent A fourth animal with a 
moderately fatty (2 plus, or 14 4 per cent) liver was given 1 Gm of 
choline daily for twenty-nine days, after which it died of pneumonia 
There was no improvement in the liver The remaining 2 animals were 
given a casein diet in addition to the choline and will be considered in 
the subsequent section 

Most of the observations on the lipotropic action of betaine hydio- 
chloiide have been made on dietary fatty liver in rats, and foi that 
leason it seemed advisable to secure additional evidence with respect to 
Its effect on fatty liver in depanci eatized dogs We have given betaine 
hydiochloiide to 4 depancreatized dogs proved to have fatty liver by 
laparotomy, inspection and biopsy The results are as follows All the 
animals weie fed bread, meat, milk, cod liver oil and yeast and given 
legulai insulin One animal, whose liver at biopsy was fatty (3 plus) 
was given 2 Gm of betaine hydrochloride daily for seven days, after 
which seveie convulsions developed and it was electrocuted The fat 
content of the liver was unchanged (3 plus) In a second animal, whose 
liver became fatty (2 plus) in thirty-eight days after pancreatectomy, 
the condition was controlled for four months by a preparation of lipocaic, 
and at the end of this time the liver was only slightly fatty (1 plus) 
The animal was then given 2 Gm of betaine hydrochloiide daily for 
foity-thiee days, after which lapaiotomy and biopsy disclosed an increase 
in the hvei fat (3 plus) The gradual decrease in dextrose excietion 
and the reduction m insulin requiiement also indicated that this amount 
of betaine hydrochloride was ineffective A third animal, whose liver 
was moderately fatty (2 plus, or 12 per cent), was given 3 Gm of 
betaine hydi ochloride daily for twenty-one days After this time the 
various criteria of hpocaic deficiency indicated that the condition of the 
animal was getting worse, and biopsy of the liver indicated an increased 
fat content (17 per cent) The fouith animal was found to have a 
moderatel}' fatty liver (2 plus, or 14 per cent) when examined eighty- 
nine days after pancreatectomy, 3 Gm of betaine hydrochloride daily was 
then given for twenty-four days, with definite clinical improvement and 
decrease in the liver fat to 1 plus The same dose was continued then 
for sixty-five days, after which the liver was found to be entirely normal 
(fat content, 6 3 per cent) The administiation of betaine hydrochloride 
was then stopped Within two weeks the sugar excretion deci eased 
markedly, and the dose of insulin had to be reduced Two months after 
medication was stopped, the bromsulphalem test revealed moderate 
impaiiment of hepatic function, and biopsy after three months revealed 
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a definite retuin of fat in the livei, to 3 plus, or 21 per cent At this time 
the blood lipids had decreased to 450 mg per hundred cubic centimeters, 
or less than half the normal value 

EFFECT OF CASEIN AND OF VARIATIONS IN DIET ON THE FATTY 
INFILTRATION OF THE LIVER IN DEPAN CREATIZED DOGS 

In 1932 Best, Hershey and Huntsman demonstrated that a diet 
of mixed grain and 40 per cent beef fat would produce a marked fatty 
infiltration in the livei of normal rats This type of dietar} fatty liver 
was found to be prevented by the addition of small amounts of choline 
to the food (Best and Huntsman, Best and Ridout, Best, Channon 
and Ridout Casein was later found to exert a similar lipotropic 
effect (Best and Huntsman,-® Channon and Wilkinson,®® Beeston, 
Channon and Wilkinson ®'‘) Best, Grant and Ridout ®° (1936) pro- 
duced fatty liver in rats by feeding a diet containing 40 per cent fat and 
10 per cent casein When the percentage of casein was raised to 30 or 
above, no fat accumulated in the liver The fatty liver produced by the 
low casein, high fat diet could be prevented by the addition of 10 mg 
of choline per rat daily The authors suggested that 1 Gm of casein 
exerts an effect comparable to that of 5 or 6 mg of choline In a similar 
experiment Channon, Loach, Loizides, Manifold and Soliman (1938) 
estimated that 1 Gm of caseinogen has an effect equivalent to that of 
7 to 8 mg of choline 

In 1937 MacKay reported that an extract of pancreas pi epared 
as described by Dragstedt, Van Prohaska and Harms was effective in 
preventing and in curing the type of fatty infiltration of the liver that 
occurs 111 rats on a low protein, high fat diet This finding was con- 
firmed by Aylward and Holt®° (1937) and by Best and Ridout®® 
(1938) Both groups, however, concluded that the effect of the pancreas 
extract in this connection could be accounted for on the basis of its 
choline and protein content MacKay and Barnes®” (1938) came to a 
similar conclusion On the other hand, Channon, Loach and Tiistram 

22 Best, C H , and Huntsman, ME J Physiol 83 255, 1935 

23 Channon, H J , and Wilkinson, H Biochem J 29 350, 1935 

24 Beeston, A W , Channon, H J , and Wilkinson, H Biochem J 29 2659, 
1935 

25 Best, C H , Grant, R, and Ridout, J H J Physiol 86 337, 1936 

26 Channon, H J , Loach, J V , Loizides, P A , Manifold, M C , and 
Soliman, G Biochem J 32 976, 1938 

27 MacKay, EM Am J Physiol 119 783, 1937 

28 Best, C H , and Ridout, J H Am J Physiol 122 67, 1938 

29 MacKay, E M , and Barnes, R H Proc Soc Exper Biol & Med 38 
410, 1938 

30 Channon, H J , Loach, J V, and Tristram, G R Biochem J 32 1332, 
1938 
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(1938), using similar methods, came to exactly the opposite conclusion 
They stated 

Eight assays of the activity of the five pancreatic extracts used were made, 
all of them showed the extracts to possess an ability to prevent fat deposition in the 
liver greater than could be attributed to their content of choline The average 
value for this non-chohne activity was equivalent to that of 426 mg of choline 
per 100 Gm pancreas while the choline present in the extracts accounted for only 
one-third of their activity The non-chohne activity is not accounted for by the 
protein content of the extracts and it is concluded that there exists in pancreas a 
substance other than choline which is involved in fat deposition in the livei 

VVe have made no obseivations on the effect of lipocaic on dietaiy 
fatty hvei m rats It should perhaps be pointed out, howevei, that fatty 
infiltration of the liver in animals may be produced m a great variety 
of ways and the significance of each state not be the same A failure 
to demonstrate a lipotropic effect of lipocaic on dietaiy fatty hvei in 
otherwise normal rats when the panel eas is intact can haidly be 
advanced as evidence against its effect on a specific defect in the depanci e- 
atized dog until it is clearly demonstrated that the distuibance in 
each case is the same The positive findings of Professoi Channon are 
therefore of special interest and significance 

In view, however, of the clearcut demonstration of the maiked effect 
which choline and certain proteins, notably casein, have on dietary fatty 
liver in rats, it seemed important to us to secure some evidence with 
lespect to the effect of these substances both singly and in combination 
on the depancreatized dog 

The stock diet most commonly used in this laboratory has been made 
up of white bread, whole milk, beef muscle and bone meal, plus small 
amounts of cod liver oil and breweis’ yeast The fat content of this 
diet is approximately 25 per cent In our experience dogs take this diet 
more readily than others and may be maintained in excellent nutrition 
m laboratory cages for four or five years In our first experiments ® 
yeast and cod liver oil were not added to the diet Chaikoff and Kap- 
lan (1937) have suggested that the early appearance of fatty liver and 
the relatively short survival period of depancreatized dogs fed this diet 
may be due to vitamin deficiency The prompt recovery of these animals 
when given a fat-free alcoholic extract of pancreas, howevei, speaks 
against this view It has seemed wise to add the vitamin supplements, 
nevertheless, although to date such addition has not alteied the picture 
appieciably The suggestion of Himwich (1938) that failure to secure 
long survival of depancreatized dogs fed this diet is due to inadequate 
absorption does not seem valid in view of the fact pointed out in our 
previous report that the addition of large amounts of fresh active 

31 Himwich, H E, in Luck, J M Annual Review of Biochemistri , Stanford 
University, Calif , Stanford Universit} Press, 1938, vol 7, p 143 
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pancreatic juice, which improves digestion and absorption, nevei theless 
does not delay the appearance o£ fatty liver or prolong life Indeed, in 
view of the results to be reported later, it seems more likely that the 
better absoiption of fat secured by the feeding of panel eatic juice has 
led to a moie lapid accumulation of fat in the liver and to a decrease 
in the peiiod of survival 

In the following experiments thiee diet mixtuies have been employed, 
the compositions of which aie indicated in table 3 Cowgill’s casein III 
diet was selected because in the expel lence of that investigator the 
formula has been found to be balanced and adequate for dogs It was 

Table 3 — Composition of Special Diets Fed to Depana ealiced Dogs 


(1) Cowgill’s (193G) Casein HI Diet (Modified) Percentage 

Casein, commercial (12 T% N) 38 45 

Sucrose Zi 45 

Bone ash 2 45 

Salt mKturc* 1 22 

Bard 22 03 

Cod liver oil 1 S" 

Breners’ yeast 0 53 

(2) High Casein, Low Pat Diet 

Casein 45 

Sucrose 45 

Bone ash 3 

Salt mixture* 1 

Cod liver oil 2 

Breners’ jeast 4 

(3) Low Casein, High Fat Diet 

Casein 20 0 

Sucrose 19 0 

Sait mixture* l 3 

Bone ash 2 6 

Lard 44 1 

Cod liver oil 2 0 

Brewers’ 5 east 4 4 


* Formula for the salt mixture sodium chloride, 25% potassium chloride, 25 % calcium 
lactate, 22 5 %, magnesium citrate, 22% ferric citrate (flnclj ground), 5% potassium Iodide 
0 5 % 


fed to 7 depaiici eatized dogs, usually with the addition of 400 cc of 
milk to make the mixture moie palatable, and from 100 to 300 cc of 
pancreatic juice daily One dog failed to show a fatty livei and lemained 
in good condition The other 6, however, weie no different fiom the 
animals on the bread, meat and milk diet The fatty infiltration m the 
liver appealed just as rapidly and was equally seveie In 1 additional 
animal the effect of choline was investigated This animal was depan- 
creatized and placed on a diet of bread, meat, milk, bone meal, brewers’ 
yeast, cod liver oil and 200 cc of pancreatic juice daily Laparotomy 
and biopsy at the end of thirty days revealed a fatty liver giaded 2 plus 
Cowgill’s casein III diet was then given and a potent preparation of 


32 Cowgill, G R Personal communication to the authors 



DRAGSTEDT ET AL— PANCREATIC DIABETES 


1033 


lipocaic added Biopsy m twenty-eight days revealed a noimal livei 
One gram of choline daily was then substituted for the lipocaic and the 
casein III diet continued as before Laparotomy and biopsy m sixteen 
days revealed a i eaccumulation of fat m the liver, giaded 4 plus 

The low casein, high fat diet was fed to 4 depancreatized dogs These 
animals were also given supplementary feedings of fresh pancieatic juice 
daily in amounts of from 100 to 300 cc Maiked fatty hvei developed 
m 3, in each somewhat sooner than m animals fed the stock diet An 
abbreviated protocol for the fourth animal is supplied, because it illus- 
trates a beneficial result obtained with choline 

Dog 663 — On July 27, 1936, pancreatectomy was done and a diet of bread, 
milk, meat, bone meal, yeast and cod liver oil given, with regular insulin and 
100 cc of pancreatic juice daily On September 8 biopsy showed 3 plus fat m the 
liver From Sept 8 to Jan 4, 1937, the aforementioned diet was continued, 
with addition of a potent preparation of lipocaic On January 4 laparotomy and 
biopsy showed the liver normal From January 5 to 19 Cowgill’s casein III diet, 
160 Gm, plus 400 cc of milk and 200 cc of pancreatic juice was given daily 
From January 19 to February 8 a low casein, high fat diet plus 400 cc of milk 
and 200 cc of pancreatic juice was given daily On February 8 biopsy showed 
4 plus fat in the liver From February 10 to March 9 a low casein, high fat diet 
plus milk and pancreatic juice and 2 Gm of choline was given daily On March 
9 biopsy showed the liver normal 

The high casein, low fat diet was fed to 3 depancreatized dogs The 
effects are indicated in the following abbreviated protocols 

Dog 269 — On March 22, 1937, pancreatectomy was done, and a diet of bread, 
meat, milk and vitamin supplements with pancreatic juice, 100 cc , and protamine 
zinc insulin was given On April 23 biopsy showed 3 plus fat in the liver From 
that date to May 2 the high casein, low fat diet with pancreatic juice but no milk 
was given On May 2 the dog died in convulsions (presumably hypoglycemic) 
Autopsy showed the liver normal 

Dog 104 — On Jan 25, 1937, pancreatectomy was done, and a diet of bread, 
milk, meat and vitamin supplements was given, with 70 cc of pancreatic juice 
daily and protamine zinc insulin On March 2 biopsy showed 1 plus fat in the 
liver From March 2 to April 9 the high casein, low fat diet plus 400 cc 
of milk and 50 cc of pancreatic juice was given On April 9 biopsy showed 1 
plus fat in the liver From April 9 to 19 a diet of bread, meat, milk and vitamin 
supplements was used On April 19 the animal died of hypoglycemic convulsions 
Autopsy showed 3 plus fat in the liver 

(A beneficial effect of the high casein, low fat diet on this animal was 
indicated by the increased dextrose excretion and increased insulin tolerance 
during this period, with no increase in liver fat A blood lipid content of 420 mg 
per hundred cubic centimeters on February 4, of 520 mg on Febiuary 17 and of 
880 mg on March 17 confirmed this view ) 

Dog 47 — On Jan 22, 1937, pancreatectomy was done and a diet of bread, 
meat, milk and vitamin supplements given, with 80 cc of pancreatic juice daily and 
protamine zinc insulin On March 2 biopsy showed 2 plus fat in the liver From 
March 2 to April 9 the high casein, low fat diet plus 400 cc of milk and 100 cc. 
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of pancreatic juice was given On April 9 biopsy showed the liver normal 
Dextrose excretion and insulin tolerance were increased From that date to August 
12 the high casein, low fat diet plus 100 cc of pancreatic juice but no milk was 
given On August 12 biopsy showed 2 plus fat in the liver 

The additional evidence secuied in these experiments indicates that 
approximately 2 Gm of choline pei day ovei and above that contained 
in the diet is lequired to pi event or relieve the fatty infiltration of the 
liver that occurs in depancreatized dogs This agiees with the findings 
of Ralh, Rubin and Present®* (1938), who reported that even this 
amount may not be uniformly effective in pi eventing some degree of 
fatty infiltration It seems equally clear that a high fat, low piotein 
diet facilitates, and a low fat, high protein diet delays, the appearance 
of fat in the hvei in these animals when pancreatic juice is also provided 
to impiove the digestion and absoiption of the food It is probable that 
the propoition of fat in the diet is of greater significance in this connec- 
tion than the amount or quality of protein and its possible lipotropic 
action Thus Cowgill’s casein III diet, which contained 38 per cent 
casein and 24 per cent fat, did not delay the appeal ance of fat in the 
livei moie than the bread, meat and milk diet, which contained 25 per 
cent fat One gram of choline daily m addition to the diet containing 
38 per cent casein did not pi event the development of fatty liver m an 
animal proved to be susceptible and in which on a previous trial 2 Gm 
of a fat-free alcoholic extract of pancreas was effective When the casein 
level was i educed to 27 pei cent and the fat laised to 46 per cent, fat 
deposition in the liver was definitely acceleiated Although more data 
are obviously lequired, the diet high in casein and low in fat did 
definitely letard the appearance of fat in the liver and improve the clin- 
ical condition of the animals It seems likely that such a diet may lessen 
the need for lipocaic, and this, if true, would be of great significance 
with lespect to the function of this substance In this connection it is 
of inteiest that the diet used by Chaikolt and Kaplan (1937), on which 
an unusually long survival was secured, contained relatively little fat, 
only that piesent in raw lean beef appaiently being ingested 

SOME PREPARATIONS OP LIPOCAIC AND THEIR CHOLINE CONTENT 

In the initial experiments reported by Dragstedt, Van Prohaska and 
Haims® (1936) the activity of pancreas was found to be letained in 
alcoholic extracts freed from fat by exti action with ether In vien of 
the fact that insulin is obtained by a somewhat similar procedure, 
wheieas the beneficial action of pancreas m this particular is not exerted 
by insulin, it seemed desirable to determine, if possible, where lipocaic 

33 Ralh, E P , Rubin, S H , and Present, C H Am J Phv^siol 122 43, 
1938 
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was lost in the exti action of panel eas for the piepaiation of insulin In 
this attempt we secured the help of Drs G H A Clowes and Geoige 
B Walden, of Eh Lilly & Co, who prepaied numerous pancieatic 
fractions In the preparation of insulin, fiesh pancreas may be exti acted 
with alcohol acidified with sulfuric acid As near as we can estimate by 
our methods, approximately three fourths of the hpocaic in the panel eas 
appeared in the acid alcohol and one fourth remained in the lesidue 
The dried residue was admimsteied to 8 depancreatized dogs and in 3 
of these was found to be effective in a dose of 10 to 20 Gm per day 
Hot water extracts of this pancreatic residue weie given to 5 depancre- 
atized dogs and were found to be effective in a dose of 3 to 4 Gm of 
dried material These extracts were examined by Dr Edwaid Eagle 
and found to contain between 3 and 4 mg of free choline per giam of 
dried substance The estimations of choline were made by the method 
of Ambo and Aoki,^^ as modified by Eagle Dr Eagle also made the 
subsequent determinations of choline in the pancieatic extracts desciibed 
in this papei The acid-alcohol extract of the whole pancreas may be 
paitiall}- evapoiated to drive off the alcohol and the remaining acid- 
water solution concentrated by evaporation and chilled and the fat 
skimmed off The addition of a mixture of strong alcohol and ether 
to the prepaiation in the acid- water phase results in the formation of a 
piecipitate This, when dried, has been found to be effective m a dose 
of 0 75 to 15 Gm per day This extract was found to contain 0 131 mg 
of choline per gram of dried substance In the acid-water phase of the 
insulin-foimmg procedure the substance may be concentrated by evap- 
oration and laised to 80 per cent alcohol concentration by the addition 
of stiong alcohol A precipitate relatively free from insulin forms and 
has been found to contain an effective dose of hpocaic m from 2 to 3 
Gm of dried substance Examination of three different preparations 
levealed less than 1 mg (0 604, 0 209 and 0 314 mg) of choline per 
gram of exti act These three preparations were dialyzed against distilled 
water through a celloidin membrane for from two to six weeks The non- 
dialyzable fraction revealed the characteristic activity of hpocaic, whereas 
the dialyzate was found to be ineit If in the acid-water phase of the 
insulin exti action the substance is saturated with ammonium sulfate or 
with sodium chloride, both insulin and hpocaic may be thrown out as a 
precipitate In the further steps in the preparation of insulin it seems 
probable that hpocaic is lost, owing to the fact that insulin is soluble in 
the higher concenti ations of alcohol whereas hpocaic seems to be 
insoluble m alcohol of ovei 70 per cent concenti ation under the con- 
ditions of oui experiments 

As noted in the previous section, the conclusion that the lipotropic 
effect of pancreas can be accounted for on the basis of its choline or 

34 Ambo and Aoki Tr Jap Path Soc 21 171. 1931 
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choline plus piotein content has been based almost entirely on expeii- 
ments on the type of fatty infiltration of the liver that occurs in normal 
rats fed a diet low in protein and iich in fat The pancreas m these 
animals is intact, and it would seem reasonable to expect that the “fac- 
tois of safety” involved in its function should be adequate to meet rathei 
wide variations in dietary composition without a defect similar to that 
which obtains when the pancreas is removed resulting While it may be 
true that the fatty liver pioduced b)’- diet in the rat is the same as that 
produced by depancreatizing the dog, it would seem unwise, in the 
present state of knowledge, to apply conclusions derived m the fonner 
case to the specific defect present in the latter 

The evidence that choline is not the substance in pancieas which 
accounts foi its beneficial action m pi eventing and relieving fatty infil- 
tration of the livei in the depancieatized dog and in permitting the 
animal to survive for a long peiiod when treated with adequate insulin 
also may be summaiized as follows 

1 It lequires appi oximately 2 Gm of choline pei day ovei and above 
that piesent m the diet to exeit this beneficial eftect, ^^hereas 100 Gm 
of pancieas, which is an effective dose, contains only about 250 mg of 
choline 

2 Livei and biain, which contain as much oi moie choline exeit 
no beneficial effect 

3 When exti acts of pancreas are made, the active substance appears 
111 the fat-free alcoholic extracts, whereas the ether-soluble fractions, 
which contain piactically all the lecithin of the pancreas and accordingly 
almost all the choline, are inert 

4 It has been possible to secuie fat-free extiacts of pancieas effec- 
tive in a dose of 1 to 2 Gm of diied substance per day and containing 
not more than a few milligrams of choline pei giam of dried substance 

SUMMARY AND CONCLUSIONS 

The demonstration that lipocaic is an internal secretion of the 
pancreas depends on the recognition that the depancreatized dog fed on 
a mixed diet of protein, carbohydrate and fat is not restoied to a 
normal state by the adequate administiation of insulin and pancreatic 
juice, and that the remaining deficiency is collected by the oial adminis- 
tration of pancreas or of certain extiacts of pancieas but not of other 
organs 

Two types of fatty infiltration of the livei occui both in diabetes 
mellitus and in pancreatic diabetes One type is due to pooi control of 
the diabetes by inadequate administration of insulin and is character- 
ized by a normal or high concentration of the blood lipids and acidosis 
and IS relieved by better insulin theiapy The second type is due to 
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lipocaic deficiency and is chaiacterized by a low concentration of the 
blood lipids, impaired hepatic function and deci eased dextrose excre- 
tion and insulin sensitivity and is relieved by lipocaic theiapy but not 
by insulin 

In 92 pel cent of 154 depancreatized dogs in our laboratoiy fatty 
infiltration of the liver developed , m the remaining 8 per cent the hvei 
remained normal 

All of a series of 12 depancreatized dogs that were fed a mixed diet 
of protein, carbohydrate and fat and treated with insulin but given no 
supplement other than pancreatic juice died with fatty hvei within 
three months 

For the assay of a pancreas fi action for lipocaic, it is suggested that 
a minimum of 3 depancreatized dogs be placed on a mixed diet of 
carbohydrate, protein and rather liberal amounts of fat and given suf- 
ficient insulin to permit a urinary excretion of dextrose of not moie 
than 5 Gm per day Lipocaic deficiency may be concluded to be piesent 
at the end of four to six weeks in the presence of the following symp- 
toms and findings decrease m appetite and activity, decrease in dex- 
trose excretion, deciease m insulin requirement to 5 units oi less per day 
with occasional hypoglycemic convulsions on this dose, 10 to 20 pei 
cent retention of bromsulphalem twenty minutes after the mtiavenous 
injection of the dye and decrease in the concentration of the blood lipids 
to levels of 500 to 300 mg per hundred cubic centimeters — all to be 
confirmed by lapaiotomy, inspection of the liver and removal of a 
representative section for microscopic and chemical examination That 
the dose of lipocaic is adequate may be concluded after admimsti ation 
of the test fi action for four to six weeks by disappearance of these 
abnormalities, checked again by laparotomy, inspection and biopsy of 
the liver 

The distiibution of fat m the liver in depancreatized dogs is found 
to be sufficiently uniform to justify attaching definite significance to the 
detection of fat in a single biopsy specimen 

A comparison of the estimation of fat in the hvei by histologic and 
by chemical methods is given 

Bettei control of the diabetes by the use of piotamine zinc insulin 
does not delay or decrease the incidence or severity of fatty infiltration 
of the liver m depancreatized dogs 

The 01 al administration of 1,200 units of insulin daily for thiity- 
six days did not affect the onset or extent of fatty changes in the In ei 
of a depanci eatized dog 

The oral administration of 3 Gm of betaine hydrochloride daily was 
found to be effective in relieving fatty liver in depancreatized dogs, but 
smaller doses, such as 2 Gm , were ineffective 
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At least 2 Gm of choline daily ovei and above the amount piesent 
in the diet is required to lelieve fatty livei in depancreatized dogs One 
gram of choline daily in addition to a diet containing 38 per cent casein 
did not prevent the development of typical fatty liver 

The substitution of casein as the souice of protein m the diet of 
the depancreatized dog does not pi event oi delay the appeal ance of 
fatty liver 

High fat, low piotem diets acceleiate, and low fat, high protein 
diets delay, the appeal ance of fatty liver m depancreatized dogs 

It has been possible to secuie fat-fiee alcoholic extracts of pancreas 
containing an adequate dose of hpocaic in 1 Gm of the diied substance 
and containing not moie than a few milligrams of choline pei gram 
It seems piobable that hpocaic is lemoved from the usual preparation 
of insulin, since insulin is soluble and hpocaic is insoluble m alcohol 
when the concentration leaches 90 pei cent 



STRUCTURAL CHANGES IN THE LUNGS OF^ 

DRUG ADDICTS 

GEORGE C COLE, MD 

NEW YORK 

In reviewing thoiacic roentgenograms taken routinely of seveial 
thousand drug addicts admitted to the Riker’s Island Hospital in the 
past few years, a number of varied and interesting findings were 
noticed These, as will be shown later, appeared to be entiiely at 
variance with the patients’ complaints and their clinical course They 
also varied in intensity almost directly with the period during which 
the drugs had been used 

The addicts were subjected to a six day i eduction legimen immedi- 
ately on their admission to the hospital Roentgen examination of 
almost all of them was done on the fouith or fifth day after the 
commencement of the period of withdrawal of the drug This usually 
corresponds to the time m which symptoms due to withdrawal begin 
to wane and the patient feels comparatively comfortable Roentgen 
examination of a few was done during the height of these symptoms, 
which occurs usually on the second day after the beginning of the 
reduction period In the lattei group the pulmonaiy changes weie most 
pronounced 

Befoie any conclusions were drawn from observations as to the 
relation between the use of drugs such as cocaine and opium and its 
alkaloids and their possible effects on parenchymal pulmonaiy changes, 
a search of the literature was made for the purposes of studying the 
pharmacology and the physiology of the drugs m question and of 
establishing, if possible, physiologic piinciples on which the clinical 
observations might be based Although this search did not disclose 
similar observations, it provided me with important clinical experimental 
data which substantiate my own findings and the conclusions I intend 
to set forth 

ANALYSIS or CLINICAL DATA 

During the past fifteen months roentgen examination of the chests 
of 674 male addicts was done, in most instances after and in a feKv 
during the height of the symptoms caused by withdrawal of the drug 
One bundled ambulatory drug addicts were studied for the puipose 

From the Department of Roentgenology and the Department of Correction, 
the Riker’s Island Hospital, Dr Alilton A Bridges, Aledical Director 
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o£ determining the status of the upper respiratory tract The investi- 
gation consisted of routine examinations of the sinuses by means of 
transillumination , roentgen examination of the sinuses was done m 
50 cases The teeth, tonsils, phaiynges and nasal septums were 
inspected In 80 other cases the changes were observed accidentally 
m the hospital after the development of acute illness 

The addicts may be divided into two classes (1) those who 
enteied the hospital voluntarily and (2) those who were imprisoned 
after conviction for ciimes not necessaiily connected with the use of 
drugs 

Table 1 — Summary of Chincal Data 


Number of patients 

674 

Age, years 

Youngest 

17 

Oldest 

62 

Average 

39 

Period of addiction 

Shortest period 

Three months 

Longest period 

Thirtj nine years 

Average 

Eighteen >cars 

Kind of Drugs Emplojcd 

Heroin, opium, morphine, cocaine, laudanum, hashish. 

cannabis, sodium 

amytal and pentobarbital sodium 

Methods of introduction 

Subcutaneous, intravenous, inhalation and oral 

Period of Observation 

From the third to the si\th day of the withdrawal period 
A few during the height of the withdrawal sjmptoms 

Method of treatment 

All patients were treated bj progressne withdrawal over 

a si\ daj period 


Most of them had apparently acquiied tlie habit during adolescence 
and had continued it consistently except for brief intermissions which 
usually occuired because of imprisonment or lack of funds After each 
of these intervals the habit would be lesumed moie relentlessly The 
youngest addict was 17 yeais old, the oldest was 62 and the aveiage age 
was 39 At the time of obseivation the duration of addiction ranged, 
according to the addicts, from three months to thirty-nine years The 
average was eighteen years Almost all of the patients had taken 
more than one drug at some time Heroin (diacetylmorphme) was 
the drug most commonly employed This was partly due to the fact 
that it IS more accessible and, according to the addicts, less expensive 
Opium and its dei ivative morphine were next in order among the drugs 
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used Cocaine, contrary to popular conception, was used comparatnely 
less than the others A few employed so-called “bombshells” or “speed 
balls,” which usually contained a mixture of morphine and cocaine and 
were taken subcutaneously In addition, some admitted having used 
hashish, cannabis, laudanum and maiijuana (cannabis) A few supple- 
mented the drugs mentioned with sedatives, such as sodium amytal 
and pentobaibital sodium One prisoner, a Chinese, acquired, while 
in prison, the probably unique habit of smoking powered aspirin (acetyl- 
sahcyhc acid) This he readily secured from the attendants by com- 
plaining of constant headaches When given phenyl salicylate instead, 
he showed an uncanny instinct m lecognizing that it was not aspirin 

Most of the drugs were taken subcutaneously Other routes, in 
the order of frequency (1) mtiavenous injection (addicts using this 
method are the so-called “mam line shooters”), (2) smoking of 
opium and (3) inhalation, usually of cocaine The majority of the 
patients had employed combinations of drugs as well as moie than one 
avenue of introduction 

The addicts represented eveiy stiatum in the social scale However, 
the majority belonged to the lower classes It must be remem- 
bered that most drug addicts display psychopathic trends and aie par- 
ticularly giving to lying Infoimation elicited from them, therefore, 
IS not necessarily accurate 

A definite routine was followed in all cases Immediately on the 
patient’s admission to the hospital a brief but pertinent history was 
elicited with reference to age, past illnesses, duration of the habit, 
periods of interruption and kind or kinds of drugs used The with- 
drawal treatment to which the addicts were subjected consisted of 
subcutaneous injections of progressively diminished quantities of mor- 
phine sulfate The entiie withdrawal treatment lasted only six days 
The usual symptoms were observed and were regarded with equanimity 
However, when other signs and symptoms occurred, as they frequently 
did, they were treated accordingly At the end of the six day period 
each patient was automatically tiansferied to another part of the hos- 
pital to leceive custodial care and to serve the usual sentence of one 
hundred days 

ROENTGEN FINDINGS 

Of the 674 patients the thoracic roentgenogiams of only 92 (13 5 
per cent) were entirely normal The remainder (86 5 per cent) showed 
various abnormalities The commonest abnormality consisted of pul- 
monary changes characteristic of hypertrophic emphysema,’- i e , 

1 Assmann, H Die klinische Roentgendiagnostik der inneren Erkrankungen, 
ed 5, Leipzig, F C W Vogel, 1932 Sante, L R The Chest Roentgenologically 
Considered, New York, Paul B Hoeber, Inc, 1930 
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voluminous lung fields, pi ominent hilar shadows, dififuse, increased 
vascular markings (due to peribronchial and perivascular thickening 
as well as to fine interstitial fibrosis) , an outline, usually of the right 
mterlobai fissure, between the upper and middle lobes, obliteration of 
one 01 both costophremc sinuses, and tenting and occasionally distor- 
tion of one or both diaphragmatic domes (fig 1) The group m which 
these changes were present numbered 207 patients (30 7 per cent), 
most of whom had used diugs from fifteen to twenty years Another 
group, of 94 patients (13 94 per cent), merely showed signs of emphy- 
sema (fig 2) without geneiahzed inciease in pulmonary markings - 



Fig 1 — Roentgenogram of the chest of a drug addict 


In a small group theie weie inci eased mai kings with slight signs oi 
no signs of emphysema These patients numbered 32 (4 74 per cent) 
The addicts in this group had, according to their history, a short period 
of addiction, from three months to five years (fig 3) 

The remainder of the addicts (149, oi 3912 per cent) displayed, 
in addition, the following changes (table 2) fibiomdurative tubercu- 
losis of one or both apexes and occasionally of the subapical regions, 
minimal apical scarring, fibrocaseous pneumonic tuberculosis, calcified 

2 Rabin, C B Diagnostic Roentgenology, in Nelson Loose Leaf Living 
Medicine, New York, Thomas Nelson & Sons, 1936, vol 1, pp 91-93 




Fig 3 — Roentgenogram of the chest of a man aged 30 who had been addicted to 
the use of heroin (diacetylmorphine) for three jears 
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tuberculosis of one or both upper lobes, bionchiectasis, calcareous 
pleuritis, interlobar effusion (1 case) and emphysema bullosum (1 case) 
In a few cases roentgen examination was done during the height 
of symptoms caused by withdrawal of the drug It is interesting to 
note that m these there was marked accentuation of the thoracic find- 
ings and that the serial roentgenograms invaiiably showed some regres- 
sion after the symptoms subsided (fig 4) 

The cardiac shadow was invariably small and the cardiothoracic 
latio® alteied except m cases in which hypertensive or other heart dis- 


Table 2 — Smnmaty of Roentgen Findings 


Xumber 

Per 

Condition 

of Cases 

centage 

Normal 

92 

13 SO 

Changes due to h>pertrophic emphysema 

207 

30 70 

Emphysema without increased markings 

94 

13 94 

Increased markings without emphysema 

32 

4 74 

Emphysema with obliteration of the right costophrenic sinus 

42 

6 23 

Emphysema uith obliteration of the left costophrenic sinus 

19 

2 81 

Emphysema with obliteration of both costophrenic sinuses 

36 

5 34 

Emphysema and thickening of the right interlobar fissure 

66 

9 75 

Emphysema, increased markings and scarring of the apexes 

20 

2 96 

Emphysema, increased markings and bronchiectasis 

6 

0 89 

Fibroindurative tuberculosis without other abnornialfcaturcs 

5 

0 74 

Fibroindurative tuberculosis with increased markings 

39 

5 78 

Caseous pneumonic tuberculosis bilateral 

3 

0 44 

Calcified tuberculosis of both upper lobes 

7 

0 04 

Calcareous pleuritis, emphysema and increased marking 

3 

0 44 

Calcareous pleuritis without other changes 

1 

0 14 

Emphysema bullosum \sith increased markings 

1 

0 14 

Right interlobar effusion 

1 

0 14 

Total 

674 

100 


ease was piesent as a complication Occasionally the pulmonic conus 
appeared accentuated 

As these structural changes are commonly encountered among non- 
addicts and as the coexistence of more than one pathologic piocess may 
produce similar changes in the lungs, the following questions naturally 
arose Fust, it is likely that the abnoimal pulmonaiy changes had 
existed prior to addiction, oi that they proved to be merely natural 
sequelae such as are commonly observed in long-standing infections 
of the upper respiratory tract ? Secondly, is it likely that the pathologic 

3 Danzer, S Cardiothoracic Ratio, Am J M Sc 157 513-521 (April) 

1919 
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changes were present because of the coexistence of other diseases, 
namely, alleigic diatheses, heait disease, asthma, tuberculosis or bronchi- 
ectasis^ Thirdly, why were the changes more pronounced in cases in 
which roentgen examination was done during the period of withdrawal ^ 
Was this the result of somatic changes ^ due to deprivation of the diug’ 
Finally, did opium and its derivatives, as well as the other drugs 
employed, actually produce or enhance the condition^ If so, ^^hat is 
the mechanism underlying such an action^ 

In order to answer these questions it was necessary to examine 
patients clinically for the purpose of ruling out infectious foci, such 
as diseased tonsils, carious teeth, infected sinuses and other possible 



Fig 4 — Roentgenograms of the chest of a man aged 41 who had been addicted 
to the use of heroin (diacetylmorphine) for twenty-two years A, film taken at 
the height of the symptoms which followed withdrawal of the drug, B, film 
taken after these symptoms had subsided 

coexistent conditions, since, accoiding to Mullin ° and others, these 
processes may produce identical changes in one of two ways by 
lymphatic extension through the right side of the heart into the lungs, 
or by direct extension from the pharynx to the larynx, trachea and 
bronchi, thus producing emphysema and bronchiectasis Again, Light 

4 Wuth, O Zur pathologischen Physiologic der Morphium-Entziehung, Klin 
Wchnschr 10 1723 (Sept 12) 1931 

5 Mullin, W V Relation of Paranasal Sinus Infection to Disease of the 
Lower Respiratory Tract, J A M A 87 739 (Sept 4) 1926 
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and Toi ranee ® have shown in their classic work among addicts the fol- 
lowing facts 1 The addicts were all excessive smokers 2 Their 
hygiene was pool 3 They possessed slovenly habits 4 A good 
many of them had chronic focal infections 

Two distinct groups, therefore, were investigated one of patients 
without any complaints and appaiently in good health, the other of 
patients with complaints and clinical signs sufficient to wairant hospital- 
ization 

ANALYSIS or ONE HUNDRED CASES 

One bundled cases were analyzed m this group Routine physical 
examinations weie performed The average addict was pathetic and 
somewhat emaciated, without marked exteinal manifestations of spe- 
cific illness The frontal sinuses and antrums were examined by 
means of transillumination In 50 cases roentgen examination of all 
the sinuses was done The lemainder of the features of the upper 


Table 3 — Smnmmv of Fvidtttgs m One Hiindied Cases 


Groups 

Number of Cases 

Deviated septums 

37 

Dental canes 

29 

Diseased sinuses 

23 

Enlarged and diseased tonsils 

16 

Chronic pharyngitis 

9 

Gingivitis 

7 

More than one focus of infection 

30 

More than two foci of infection 

21 

hlore than three foci of infection 

16 


lespiratoiy tract weie elicited by inspection and auscultation The fol- 
lowing observationns weie made The outstanding abnoimahty was 
deviation of the septums (37 cases) Dental canes was next in order 
(29 cases) This was followed by abnormal sinuses (23 cases), 
enlarged and diseased tonsils (16 cases), chionic pharyngitis (9 cases) 
and gingivitis (7 cases) In 63 cases theie were no obvious foci In 
16, in addition to deviated septums, involvement of the teeth, tonsils, 
sinuses and bronchi was piesent 

Exammationn of the chest invaiiably disclosed signs of emphysema, 
namely, enlaigement of both diameteis, hyperiesonance, occasionally 

6 Light, A B , and Torrance, E G Opium Addiction III Circulation and 
Respiration of Human Addicts During Administration of Morphine, Arch Int Med 
43 556 (April) 1929 Karr, W G , Light, A B , and Torrance, EG IV 
Blood of Human Addict During Administration of Morphine, ibid 43 684 (MajO 
1929 
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limitation of motion of one or both diaphragms, some diminution of 
breath sounds and heait sounds, rhonchi, sibilant and sonorous lales 
and m some cases diffuse wheezing throughout both lung fields In a 
few instances there were moist rales at the bases of the lungs 

From table 3 it is obvious that the number of cases m which theie 
were possible foci of infection was not more than 37 per cent It was 
probably much smaller, for one is not inclined to regard deviation of 
the septums without other evidence of infectious foci as a competent 
cause of structural changes in the lungs One must therefore consider 
those patients with more than one focus of infection This group, 
according to table 3, constituted 30 per cent When one compares this 
number with the total number of patients with abnormal thoracic find- 
ings, which was 86 5 pei cent, one readily sees that the existent foci of 
infection could not possibly have produced tbe changes described in 
so large a number of persons 

The second group consisted of 80 patients who weie confined to the 
hospital for treatment of acute illnesses This number was tieated at 
various intervals for foity different diseases Outstanding among these 
were acute bronchitis, malaria, syphilis, tuberculosis, malnutrition, 
bronchial asthma, arteriosclerotic heait disease, duodenal ulcer, psy- 
choses and psychopathic personality The remaining conditions for 
which the patients m this group were hospitalized are listed in table 4 

A number of patients had more than one disease during their 
hospitalization, also, some of the same group were readmitted either 
because of their original complaints or for some other illness which 
developed during the period of incarceiation 

It IS interesting to study the more prevalent diseases for which 
the addicts were treated For example, table 4 shows a rather small 
number of diseases referable to the lungs and upper respiratory tiact 
Syphilitic patients were few This may be due to the fact that a good 
many addicts are homosexual The incidence of malaria is high This 
IS a well recognized complication, as has been shown by Biggam and 
by Boyd and Schlachman ^ and others Only 10 patients with pulmonary 
tuberculosis were admitted to the hospital The process was active and 
the sputum yielded tubercle bacilli in less than half of this number 
This IS certainly a small percentage and not in harmony with the geneial 
conception of the prevalence of tuberculosis among drug addicts wbo 
are prison inmates The incidence of duodenal ulcer was also high 
and wan ants further investigation 

7 Boyd, L J, and Schlachman, M Malaria in Drug Addicts, New York 
State J Med 38 974 (July 1) 1938 
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It has been mentioned that the pulmonary changes were more pro- 
nounced in addicts examined by means of the roentgen rays during 
the height of the withdrawal symptoms This may be due to a decidedly 
lowered bodily resistance and possibly to an exacerbation of a chronic 
infection of the upper respiratory tract, or it may be explained on the 
basis of somatic changes due to depiivation of the drug It must be 
remembered that other unexplained features commonly make their 
appearance at this stage of the withdrawal period, namely, leukocytosis, 
glycosuria and albuminuria 


Table 4 — Sumiiiaiy of Acute Diseases m Dnig Addicts 


Disease 

Number of Cases 

Acute bronchitis 

IS 

Syphilis 

15 

Malaria 

15 

Pulmonary tuberculosis 

10 

Duodenal ulcer 

8 

Malnutrition 

7 

Arteriosclerotic heart disease 

•1 

Bronchial asthma 

4 

Psychosis and psychopathic personalitj 

4 

Pulmonary emphysema with right heart failure 

2 

B ronchopneumonia 

2 

Inguinal hernia 

2 

In addition, 1 case each o! the following diseases was observed Varicosities 
with ulcers of the lower extremities, acute tonsillitis, cellulitis of the left arm, 
chronic interstitial nephritis, gastric neurosis, hyperthyroidism, sjphilitic heart 
disease, cerebral edema, acute encephalitis, acute laryngitis, chronic osteomyelitis 
of the foot, acute catarrhal jaundice, manic depressive psjchosis, acute appcndi 
citis, cerebral arteriosclerosis, acute gastritis, intercostal neuralgia, acute chole 
cystitis, atrophic cirrhosis of liver, mucous colitis, epigastric hernia, foreign body 
(needle), hepatosplenomegaly, alcoholism, phimosis, pjorrliea alveolaris, hemor 
rhoids and regional ileitis 


ACTION or MORPHINE 

The question whether opium and its derivatives play an important 
part m the production of structural pulmonary changes in drug addicts 
will be answered after a review of some of the literature on the action 
of morphine and experimental woik with this drug on lower animals 
Morphine was chosen because it is the most representative drug of the 
opiate series and also because it was commonly used by the addicts 

According to the literature,® the action of morphine on respiration 
IS selective In the nonaddict an increased dose of the drug letards 

8 Cushny, A R A Textbook of Pharmacology and Therapeutics, ed 8, 
Philadelphia, Lea & Febiger, 1924, pp 245-258 
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respiration and increases its amplitude The latter action is due to the 
accumulation of carbon dioxide, which stimulates the respiratory center 
In drug addicts, unless very large doses of morphine are taken, there 
IS no appreciable variation m the lespiratory rate® Minor vaiiations 
in the respiiatoiy rate, therefoie, could not have produced the abnoimal 
pulmonary changes 

A more consequential action of morphine is its effect on smooth 
bronchial musculature By direct action, it causes first dilatation and 
later constiiction of the smaller bronchi® The latter is due to an 
increase in tone of the muscle (Some pharmacologists believe this 
to be a peripheral nerve action ) Although this is essentially a labora- 
tory phenomenon, it is not an uncommon clinical experience foi a 
physician to admimstei "God’s own medicine” to a patient with bionchial 
asthma oi status asthmaticus only to pronounce the patient dead soon 
aftei the injection The inference one might draw is that morphine 
when used excessively over a long peiiod causes bronchial spasm, which 
in tuin may produce pathologic pulmonaiy changes I believe that the 
bionchial spasm which may exist clinically can act only as a contributory 
factor This opinion is based on my own obseivations as well as on the 
fact that few of the addicts weie treated for bronchial asthma Again, 
while it IS tiue that moiphine and the phenanthrene alkaloids produce 
contraction of smooth muscle in lower animals, repeated injections of 
the same drugs fail to bung about similar changes in the same animals 

SUMMARY or EXPERIMENTAL WORK FORMING THE 
BASIS OF THESE OBSERVATIONS 

Biunelli,^^ in his work on cats, was able to demonstiate that 
morphine sulfate, when injected in amounts of 10 to 20 mg per kilogram 
of body weight into large decerebrated cats under artificial lespiration 
produced a conspicuous fall in blood pressure m the systemic ciicula- 
tion, a fall in piessuie m the left auricle, a temporary rise in piessure 
in the pulmonary artery and an increase m volume of both liver and 
lungs When smaller doses of moiphme sulfate weie injected he 
obtained some peripheral and splanchnic \ asodilatation and a slight 
mciease in piessuie m the pulmonary artery When 20 mg of morphine 
sulfate per kilogram of body weight was administered intravenously, 
an mciease in resistance m the lesser circulation and in the liver was 
noticed This lesult, according to Brunelh, was due to a change in the 

9 Jackson, C, Jr, m Cushny,® p 257 

10 Cushny,® p 253 

11 Brunelh, B L’ influenza della morfina sul regime tensivo del grande e del 
piccolo circulo, Arch di farmacol sper 57 78 (Feb 1) 1934 
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capillary peimeability with the tendency to absorb watei At the same 
time there was a change m the osmotic pressure of the pulmonaiy 
colloids, with absorption of water in the pulmonaiy veins Two factors, 
therefore, were present (1) with highei doses of moiphme sulfate used 
intiavenously,'an increase in the capillary permeability and a tendency of 
the pulmonary colloids to absorb watei , (2) a decrease of the osmotic 
pressure of the blood Both phenomena pioduced a shift of a con- 
siderable volume of water fiom the blood into the tissues 

If Biunnelh’s laboratoiy findings aie con elated with my clinical 
observations it becomes understandable why so large a nmnber of 
addicts displayed increased bronchovascular mai kings and emphysema 
of the lungs Incidentally, Brunelh’s work may also explain the frequent 
appearance of obliteration of the costophrenic sinuses and thickening 
of the right interlobar fissures in so many (175, or 24 3 pei cent) of 
my cases (table 2) These changes may lepiesent oiganization of fluid 
in the free pleural space and in the mtei lobar fissure which is probably 
the result of transudation due to altered capillary permeability 

Luisida,^" working independently of Biunelh, was able to show 
similar findings He assumed that morphine sulfate, because of its 
action on smooth bronchial musculature and the resultant increase in 
tone, may exeit a similar action on the pulmonary veins and thus influ- 
ence the pulmonary circulation 

By means of oncometric readings, Luisida succeeded in demonstrat- 
ing, among other changes, the following phenomena After admin- 
istration of morphine sulfate in large doses into the veins of cats, a 
rise of pressure in the pulmonary veins, an increase of pressure in the 
pulmonary artery and an increase in volume of the lungs were noticed 
It was also obseived that after the injection of the drug after a con- 
siderable period there was a fall m piessure in the pulmonary arteries, 
originating in the heart and not in the blood vessels Luisida concluded 
that m addition to the direct action of the ding on smooth muscle the 
pulmonary veins are possessed of an impoitant nan owing apparatus 
which IS sensitive to moiphme sulfate 

COMMENT 

The problems which are discussed are as follows the existence of 
abnormal pulmonary roentgen findings in 86 5 per cent of drug addicts, 
about 30 per cent of whom showed foci of infection of the upper 

12 Luisida, A Neue Untersuchungen uber die Wirkung des Morphiums auf 
Blutgefasse, besonders Lungengefasse, Arch f exper Path u Pharmakol 
132 296, 1928 
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respiratory tract on routine physical examination, the evaluation of 
individual factors, such as chronic infections of the upper respiratoiy 
tract and diseases not necessarily related to the lungs, and the possible 
modes of production of the changes described An attempt is made 
to establish physiologic principles on which the observations might 
be based 

I agree with othei workers that infections of the upper respiratory 
tract play an important role m the production of structural changes 
in the lungs However, m the present group of cases the maximum 
number m which there weie obvious foci of infection was only 30 pei 
cent This leaves 70 per cent of cases m which there were abnormal 
pulmonary findings unexplained by an} apparent etiologic factoi 
Again, it must be conceded that not all persons with foci of infection 
have diseases of the lungs The age range itself (average 39 years) 
tends to rule out such marked pulmonary changes among so many 
persons Of the diseases which coexisted or de\ eloped during the peiiod 
of incaiceration, only tuberculosis is to be considered Tuberculosis in 
all its forms constituted only 7 per cent (table 2) 

In the discussion of modes of production of structural changes in 
the lungs the experimentally produced effects of morphine on smooth 
muscle are considered This, as has been mentioned, is not without 
clinical significance Finally, the experimental work of Brunelh and 
Luisida lends strong support to the conception that morphine sulfate 
when used in large doses over a prolonged period will produce definite 
structural pulmonary changes as well as alteration in the pulmonary 
circulation 

SUMMARY AND CONCLUSIONS 

Roentgen examination of the chests of several thousand drug addicts 
at the Riker’s Island Hospital has been made in the past five years, 
a preponderant number displayed abnormal findings 

During the past fifteen months 674 addicts were studied b}- means 
of thoracic roentgenograms 

Over 85 per cent presented abnormal pulmonary findings The 
commonest changes observed were those characteristic of hypertrophic 
emphysema (30 7 per cent) The remainder showed varied pathologic 
features, i e , atrophic emphysema (13 94 per cent), increased broncho- 
vascular markings (70 16 per cent), emphysema associated with oblitera- 
tion of costophrenic sinuses and thickening of the right interlobar fissure 
(24 13 per cent) and fibromdurative tuberculosis (5 78 per cent) 

One hundred patients were examined for infections of the uppei 
lespiratory tract The maximum number of cases m which such foci 
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could possibly have pla}ed a contnbutoi)'’ lole in the production of the 
pulmonary abnormalities was 30 pei cent 

Eighty addicts were confined in the hospital for a number of dififeient 
diseases which did not have an}'^ bearing on the changes described 

The abnoimal pulmonaiy features were somewhat more pronounced 
m patients on whom loentgen examination was done during the height 
of the peiiod of withdiawal This was piobably due to somatic changes 
A summary of the expeiimental work of Brunelli and Luisida shows 
conclusively that a definite i elation exists between the use of morphine 
sulfate and pulmonaiy pathologic changes in lowei animals 
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The material for this article has been selected fiom publications 
which appeared from July 1938 to June 1939 As in previous reviews,^ 
it has been necessary to select material rigidly Little attention has 
been paid to serologic aspects of the subject, and case reports have 
been almost wholly eliminated 

HISTORY OF SYPHILIS 

In a charmingly written article, Zimmeimann^ describes epidemics 
of extiagenital syphilis occurring between 1497 and 1624 Most of 
these epidemics had their origin from cupping in public baths An out- 
break of syphilis occurred in Frankfort on the Mam, Germany, in 1496 
The city authorities, aftei consulting with the three city physicians, 
ordered the keeper of the Red Bath to discharge his “poxed” helper 
or the bath would be closed A later epidemic, in Biunn, Czecho- 
slovakia, IS described in a treatise by Thomas Jordanus, which was 
published in 1580 Zimmermann offers his own translation of this 
treatise Jordanus describes the suffering of those afflicted as follows 

Here [the bath outside the Green Gate] the scourge had its origin, here its 
seeds were conceived For on that day of winter which astronomers determine by 
the entrance of the Sun into the Ram, commonly called the feast of St Lucia 
[December 13], a fortnight before the Christmas holidays, in the coldest part of 
the winter of 1577, whosoever entered the stew on this day and had their skin 
scarified and were cupped, all were said to have been infected They experienced 

Reprints of this article are not available 

From the Syphilis Division of the Aledical Clinic, Johns Hopkins University 
and Hospital 

1 (a) Moore, J E Syphilis A Review of the Recent Literature, Arch 
Int Med 56 1015 (Nov ) 1935 (ft) Padget, P , and Aloore, J E Syphilis A 
Review of the Recent Literature, ibid 58 901 (Nov) 1936, (c) 60 887 (Nov) 
1937 (d) Padget, P , Sullivan, M , and Moore, J E Syphilis A Review of 
the Recent Literature, ibid 62 1029 (Dec ) 1938 

2 Zimmermann, E L Extragenital Syphilis as Described in the Early Litera- 
ture (1497-1624), with Special Reference to Focal Epidemics, Am J Syph , Conor 
& Yen Dis 22 757 (Nov) 1938, 23 104 (Jan) 1939 
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no harm at once The symptoms of the disease did not appear immediatelj In 
some, they remained latent for eight days In others, they remained hidden for two 
weeks, even for a month, according (as the saying goes) to the strength of the 
infecting agent or the resistance of the patient Meanwhile they were oppressed by 
a strange torpor They were listless in performing their usual duties and depressed 
Neither mind nor hand and foot functioned They were seen wandering about 
aimlessly, more like shadows than men The natural color of their faces had paled, 
the luster of their e3’^es had dimmed and dark circles had developed like those seen 
in menstruating women Then frank symptoms of the disease manifested them- 
selves The cupped areas swelled and were invaded by an intense and intractable 
heat, followed by abscesses and foul ulcers, flowing with sanies and corruption 
Scattered about to the extent of the palm of the hand were pustules The areas were 
studded with small abscesses, which, upon being opened either with a knife or -with 
topical applications, discharged a thin, serous, foul phlegm In others, the dis- 
charge was corrosive The flesh surrounding the site of cupping became foul and 
corroded and gave forth a stench as comes from Telephian and phagedenic ulcers 
To begin with, it was astonishing that from so many cups applied (some had about 
ten, several about three times that number, applied), of all these, only one, or at 
most two, developed into foul ulcers, with the lone exception of the mother-in-law 
of Lawrence, the tailor, who had three ulcers de\elop out of fifteen cups applied 
In many the entire body was covered with pustules, tlie countenance was horrid 
to look at The back, chest, abdomen, feet, indeed the entire body from head to 
toes, were defiled b}' a scabby itch, with crusted ulcers but slightly raised above the 
lev'el of the skin, the size of a two kreutzer piece or of a thumb nail, with a red 
halo and a glistening surface as in the condition called by barbarous authors 
[Arabians and Arabists] tinea From these oozes a thick, sluggish mucus 'When 
the scabs drop off and the lesions heal, there are left behind dark spots, of a leaden 
or brownish color, differing from freckles or vitiligo As the disease progressed, 
hard tumors (calli) formed on the scalp, which, upon being ruptured or cut open 
to the great pain and amid the loud cries of the patient, discharged a honey-like, 
resinous substance Following closure of these foul and malignant ulcers, so 
difficult to cleanse and no less difficult to fill in with new flesh, further symptoms 
erupted All the joints of the body, the forearms, the shoulders, the elbows, the 
arms, the calves, the shins, the feet, were excruciatingly racked with stabbing pains, 
as if pierced by sharp instruments, as if they were being gashed with knives or 
burned with hot forceps Most intense is the pain where the tibia is bare 

of flesh, uncovered bj’^ the bellies of muscles and invested onlj-^ by periosteum Their 
heavy limbs required support Thej^ cannot be sustained or raised through their 
own strength Some, indeed, when their paralvsis has abated somewhat, must be 
lifted upon the shoulders of others There is no rest There is constant shouting 
and weeping, groaning over pains which never cease, especially at night when the 
weary limbs are ordinarily restored b}^ peaceful sleep They he awake throughout 
the night At dawn a false shadow of peace falls upon them But their torments 
recur If they accuse the day of being hostile and spiteful, thej'^ must indeed abhor 
the image and recollection of night These nights of anguish were not numbered 
by one or a few, but lasted a whole month In v’^ain thev crammed themselves with 
remedies 

The second half of Zimmermann’s paper deals with outbreaks of 
extragenital syphilis as a lesiilt of wetnnrsing and midwifery duiing 
the latter half of the sixteenth centuiy He provides translated para- 
graphs from tieatises by Ambroise Pare, Antonius Brassavolus and the 
midwife Louise Bourgeois 
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Goodman® gives some fifty lefeiences to the early liteiatme (1500- 
1900) dealing with syphilis in childhood 

A Pueblo skull, identified as Tuzigoot 11-50, found during the 
excavation of the Tuzigoot rums near Clarksdale, Ariz , is desciibed 
by Denninger ^ Tuzigoot was occupied probably before 1000 A D and 
abandoned shortly after 1350 A D The lesions found m the skull are 
thought to be typical of syphilitic lesions of bone 

SPIROCHAETA PALLIDA 

Stmmng — Haiie ° desciibes a new method foi staining Spiiochaeta 
pallida Aqueous stains, because of then high sin face tension, pene- 
trate poorly Alcohol, although of low suiface tension, penetrates 
poorly because it coagulates tissue The author theiefore suggests 
using hexylresoi cmol as a solvent foi the dye In the technic described, 
a 1 pel cent solution of gentian violet in hexylresorcmol is employed 
The method as described by the authoi is simple, but in our hands it 
has not proved entirely satisfactoiy 

Gai vm ® and Ono ^ also suggest new staining methods , and Kiajian,® 
whose method was first discussed m these reviews in 1936, presents 
an additional description of it The clinical application of Kiajian’s 
staining technic in a large hospital laboiatory is discussed in two papers 
by Chambers and Scholtz, to be referred to presently 

Ciilhne — Renewed failuie in attempts to culture virulent S pallida 
are reported by Bessemans and de Meirsman ® and by Crespel, Dela- 
venne and Huberty The biologic nature of those sti ains of spiro- 
chetes which can be cultured successfully (all avirulent) is discussed 
by Koch 

3 Goodman, H Historic Pronouncements on Syphilis in Children, Arch 
Pediat 55.651 (Oct) 1938 

4 Denninger, H S Syphilis of Pueblo Skull Befoie 1350, Arch Path 26 
724 (Sept) 1938 

5 Haire, R D A Practical Method of Staining Treponema Pallida by Means 
of Low Surface Tension Stain, J Lab & Clin Med 23 1215 (Aug ) 1938 

6 Garvin, T Spirochetal Stain on Paraffin Section, Am J Clm Path , 
Tech Supp 2 144 (July) 1938 

7 Ono, K Farbung der Spirochaten im Stnchpraparate mittels Kal Per- 
manganatlosung, Acta dermat 31 69, 1938 

8 Krajian, A A A Reliable Method of Staining Spirochaeta Pallida in 
Smears, Arch Dermat & Syph 38 427 (Sept) 1938 

9 Bessemans, A , and de Meirsman, E Tentatives de culture de Treponemia 
pallidum sur la membrane chorio-allantoidienne de rembryoii de poulet vivant, 
Compt rend Soc de biol 127 847, 1938 

10 Crespel, C , Delavenne, E, and Huberty, V Sur quelques souches de 
culture du treponeme de Schaudinn, Arch Inst prophylac 10 89, 1938 

11 Koch Zur Biologie der Pallidakultur, Arch f Dermat u Syph 177 216 
1938 
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Dissemination — Levaditi, Vaisman and Rousset-Chabaud grafted 
bits of labbit testiculai syphiloma on the backs of mice, which were 
killed at inteivals of fiom two to forty-two days When the inoculated 
aieas were studied histologically, it was found that spiiochetes had 
entered the neighboring l3miphatics by the second day, by the forty- 
second day there was a generalized infection of the lymphatic system 
Spii ochetes ei e also present in the walls of the blood vessels in the 
infected region on the first, third and fifth day aftei infection, and 
blood fiom infected mice was infectious foi rabbits on the first, third, 
twelfth and thirty-fifth days 

PINTA CAUSED BY ORGANISM MORPHOLOGICALLY IDENTICAL 

WITH S PALLIDA 

Pinta, a cutaneous disease piactically limited to tiopical America, 
has been pieviously thought to be due to fungus infection It is an 
extiemely chronic disease, which may attack the skin of the entire 
body (but not the viscera or nervous system so fai as is known) and 
which shows no tendency to spontaneous cure A group of workers in 
Habana, Cuba, headed by Saenz, has discovered an organism yIucIi is 
morphologically identical with S pallida (both in daik field and stained 
preparations) in seium obtained fiom skin scrapings and lymph nodes 
These observeis have demonstrated the newly discovered spiiochete in 
94 per cent of 127 patients examined in Cuba and Mexico, their find- 
ings are said to have been confirmed by Pardo-Castello Moi cover, 
some evidence has been found which suggests that the disease is trans- 
mitted by an insect vector (Similium haematopotum) The details of 
these new studies are supplied in papers by Leon y Blanco,^' by Saenz, 
Grau Tiiana and Alfonso Ai menteros,’^'' by Curbelo and Conde Mateo 
and by Gonzales Herrejon and Ortiz Lonibardini 

12 Levaditi, C , Vaisman, A , and Rousset-Chabaud, D Le mecanisme de la 
dispersion treponemique chez les souris atteintes de syphilis experimentale clinique- 
ment inapparente. Bull Acad de med , Pans 119 154 (Feb 1) 1938 

13 Discover} of the Causatne Organism of Pinta, editorial. Arch Dermat & 
Syph 39 709 (April) 1939 

14 Leon y Blanco, F Sobre un Treponema encontrado en los enfermos de 
“mal del pinto,” Medicina, Mexico 18 617 (Dec 25) 1938 , Estudios sobre la 
etiologia del “mal de pinto,” ibid 18 624 (Dec 25) 1938 

15 Saenz, B , and Grau Triana, J Estado actual del problema de la pinta en 
Cuba, Re\ de med y cir Habana 44 1 (Jan 31) 1939 Saenz, B , Grau 
Triana, J , and Alfonso Armenteros, J Resena histonca del “mal dtl pinto” en 
nuestro pais. Rev med cubana [ 50 ] 21 (Jan ) 1939 

16 Curbelo, A , and Conde Mateo, E Ensayos experimentales sobre el agente 
causal de la pinta encontrado en Cuba, Rev med cubana [50] 25 (Tan) 1939 
Curbelo, A , Castro Palomano, J , Conde Mateo, E, and Gaizon, L Ensayos 
expenmentales sobre et agente causal de la pinta encontrado en Cuba, Rev de cien 
med 1 134 (Oct) 1938 

(Footnotes conttnued on nert page) 
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EXPERIMENTAL SYPHILIS 

Congenital Syphilis — Kemp and Fitzgerald and Takahashi-° add 
fuithei expel imental evidence to show that congenital syphilis does 
not occLii in mice and rabbits Indeed, Kemp and Fitzgerald observed 
no effect on the giowth and development of the litteis of infected 
mothers, though Takahashi found a high incidence of aboition and 
of vaiious dysti opines among the animals which survived Kemp and 
Fitzgerald add the further important contribution that there was no 
evidence of immunity transmitted fiom infected motheis to healthy 
offspring, since the lattei could be as readily infected with syphilis as 
could young labbits from normal mothers 

Aoitic Syphilis in Rabbits — Takahashi studied the histopathologic 
changes of the aortic wall m 168 syphilitic and 50 nonsyphihtic rabbits 
(among the latter 13 with yaws, 3 with rat bite fevei and 34 that were 
normal) Twenty-nine (17 2 pei cent) of the syphilitic animals, and 
none of the nonsyphihtic group, were found to have lesions in the aoita 
Twelve of the syphilitic animals had small saccular aneuiysms The 
histopathologic picture in 25 aortas was similai to that found in so-called 
epinephrine sclerosis oi in spontaneous arteriosclerosis, in 4 it resem- 
bled that seen in syphilitic mesaortitis in man In 2 instances S pallida 
was demonstrated in the aortic wall by successful subsciotal inocu- 
lation of normal labbits, though unfortunately Takahashi does not 
recoid the number of unsuccessful attempts 

Syphilis and Yaws — As a contribution to the argument ovei the 
identity of syphilis and yaws. Ferns and Tuiner^" inoculated animals 
with tliiee stiains each of Spirochaeta pertenuis and S pallida and 

17 Gonzales Herrejon, S Resumen histonco de las pnncipales ideas etiologicas 
respecto al “mal del pinto,” Medicina, Mexico 18 619 (Dec 25) 1938 Gonzales 
Herrejon, S, and Oritz Lombardini, M del C ^Es el Simulium haematopotum 
(Malloch) transmisor del mal del pinto^ ibid 18 631 (Dec 25) 1938 

18 Levaditi, C Vaisman, A , and Rousset-Chabaud, D (Mme ) Mode de 
dispersion du virus syphilitique dans Torganisme de la souris atteinte de syphilis 
experimentale clmiquement inapparente Role de la circulation sanguine. Bull Acad 
de med , Pans 120 191 (Oct 11) 1938 

19 Kemp, J E , and Fitzgerald, E M Studies in Experimental Congenital 
Syphilis and the Transference of Immunity from Immune Syphilitic Female Rab- 
bits to Their Offspring, J Invest Dermat 1 353 (Oct ) 1938 

20 Takahashi, H Expeiimentelle Untersuchungen uber die angeborne Syphilis, 
Jap J Exper Med 16 1 (Feb 20) 1938 

21 Takahashi, H Beitrage zur histopathologischen Unteisuchung dei experi- 
mentellen Syphilis und Frambosie bei Kaninchen Pathol ogische Veranderungen der 
Aortenwand, Jap J Exper Med 15 321 (Oct 20) 1937 

22 Ferns, H W , and Turner, T B Comparison of Cutaneous Lesions Pro- 
duced m Rabbits by Intracutaneous Inoculation of Spirochetes from Yavs and 
Syphilis, Arch Path 26 491 (Aug ) 1938 
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subsequently studied the gross and microscopic character of the lesions 
produced On the whole, and although the cellular reactions were 
qualitatively identical for lesions of approximately the same size, the 
lesions of yaws developed moie slowly, weie smaller, contained fewer 
spiiochetes and involuted moie lapidl}’’ than the lesions of syphilis 

Syphilis and Cmhosis of the Lwei — When Ferns-® produced cir- 
ihosis of the livei in syphilitic and control labbits by chronic chloro- 
form poisoning, the extent of the ciirhosis was appi oximately the same 
in both gioups, suggesting that m this animal, at least, syphilis plays 
no pait in the pioduction of cirihosis 

E§-ect of Antisyphihtic Dings on the Se\ual Cycle — Ogihara®^ 
observed that when female lats weie given bismuth preparations ovula- 
tion stopped Aisphenamine and meicury piepaiations had no such 
effect Howevei, the combination of aisphenamine and a bismuth com- 
pound had the same effect as the bismuth compound alone 

Syphilis 111 Lowei Monkeys — Tlieie has been some disagreement as 
to whethei lowei monkeys could be infected with syphilis Bessemans, 
de Wilde and van Thielen have been able to infect 2 of 6 monkeys 
(Macacus rhesus), using massive inoculums, by scarification of the eye- 
biow 01 by sciotal or testicular injection In none of the animals did 
clinical evidence of S 3 'philis develop but 1 monkey later had a positive 
seiologic test foi sjphilis, and in the case of this animal and 1 other it 
was possible to prove infection by lymph node tiansfer of the disease to 
normal labbits 

Chemothei apy and Fcvei — Borchers studied expei imentally the 
therapeutic effect of combined f e\ ei and chemotherapy His expei imeiit 
was earned out on thiee groups of labbits 1 Three syphilitic rabbits 
weie given fevei (maximum, 41 7 C [106 F]) by the administration 
of a vaccine (Stimulol, a mixed vaccine) without other treatment The 
syphilitic lesions inci eased in size 2 Thiee control animals were given 
thiee doses (7 to 8 mg per kilogiam) of neoaisphenamine at forty-eight 
houi inteivals The lesions healed, but two relapsed, one in thirtj^-six 
days, the othei in thirty-two days The thud animal died before 

23 Ferns, H W Cirrhosis of the Liver in Rabbits with Continued Chloroform 
Poisoning and with Associated Syphilitic Infection, Arch Path 26 1023 (Nov ) 
1938 

24 Ogihara, M Expei imentelle Studien uber den Einfliiss der antiluetischen 
Praparate auf den Sexualzyklus, Mitt a d med Akad zu Kioto 23 713, 1938 

25 Bessemans, A , de Wilde, H , and van Thielen, E Syphilis inapparente 
du macaque et resistance a la pallidoidose, Compt rend Soc de biol 129 373, 1938 

26 Borcheis, G Tierexperimentelle Beitrage zur Fiebertherapie den Syphilis, 
Arch f Dermat u Syph 176 705 (June) 1938 
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completion of the expenment 3 In the third group fever and neo- 
arsphenamine weie combined, three doses (8 mg per kilogram) of 
neoaisphenamme being given at a time when the body temperature was 
41 to 41 7 C (105 8 to 106 F ) The lesions disappeared promptly m 
all, and there was one instance of relapse among 4 animals 

While the dose of 8 mg pei kilogram is distinctly subcuiative (cura- 
tive dose of neoarsphenamme, 15 to 25 mg per kilogiam), the author 
studied the effect of still smaller doses, alone and in combination with 
fever When 3 mg pei kilogiam of neoarsphenamme was given alone 
to a syphilitic rabbit, theie was no effect on lesions or organisms, when 
this same dose was combined with fever (41 C ) in 2 animals, motile 
organisms disappeaied fiom the testicular syphilomas within twenty-four 
to foity-eight hours 

This is an inteiesting experimental confirmation of the clinical 
suggestion of Simpson and Kendell, lef erred to m last yeai’s review 

Arhficml Heat — Beck infected mice with S pallida and fifty-eight 
to four hundred and sixty days after inoculation treated them with 
artificial fevei (produced by hot air) He found that if a lectal tempeia- 
tuie of 104 F or more was maintained continuously for thirteen and a 
half hours, the organisms disappeared from the brain as well as from 
other tissues in two thirds of the mice However, if the mice were 
treated by a series of short fevers, lasting fifteen minutes at a time, 
spirochetes disappeared m only one fourth of the animals 

Foi many years those familiar with experimental syphilis in the 
rabbit have known that in the heat of summer the incubation period of 
syphilis in that animal is prolonged, local lesions are inconspicuous, and 
generalized lesions of syphilis are absent In modern syphilis labora- 
tories, therefore, the animal rooms are air conditioned Chorazak,^® 
apparently not awaie of this fact, attempts to explain the summer 
phenomenon of syphilis in labbits on the basis of dietary change By 
varying the vitamin content of the diet he found that when an abundance 
of vitamin was fed the incubation period of syphilitic lesions was 
prolonged An excess of vitamins A and D appeared to shorten the incu- 
bation period The expenment is interesting in the light of the clinical 
improvement said to occur occasionally m tabes dorsalis when vitamin 
Bi IS administered 


27 Beck, A The Influence of Artificially Induced Fever upon Syphilitic 
Infection of Mice, Bnt J Ven Dis 14 221 (July) 1938 

28 Chorazak, T Der Einfluss der Vitamine auf die Entvvicklung der syphi- 
litischen Impfveraiiderungen in der expenmentellen Kaninchensyphilis, Bull 
mternat Acad polon d sc et d lett , Cl med 214 219 (Feb ) 1938 

29 Metildi, P F The Treatment of Tabetic Lightning Pams with Thiamin 
Chloride Preliminary Report, Am J Sj'ph , Conor & Ven Dis 23 1 (Jan ) 1939 
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Effect of Hihermtxon on Syphilis — Bessemans, de Wilde and de 
Moor have confirmed the work of Jahnel,®^ who demonstrated that 
the rell-mouse (a hibernating animal) if inoculated with S pallida 
prior to hibernation is free of syphilitic infection after the hibernating 
period Jahnel believed that the disappearance of the syphilitic infec- 
tion was due to an immune humoral response rather than to a lowering 
of body tempeiature Bessemans and collaborators were able to pro- 
duce syphilitic infection in the hedgehog and hamster and noted that 
after hibernation lymph node transfers from these animals gave nega- 
tive lesults Node transfers from control animals kept in a warm 
environment to prevent hibernation gave consistently positive results 
Artificial hibernation brought about by placing the hamster and hedge- 
hog in a refrigerator for a period of twenty days resulted in disap- 
pearance of the syphilitic infection 

Immunity — In one of the most important papers of the }ear, Tur- 
ner has clearly demonstrated that immunity in syphilitic rabbits is at 
least partly humoral By a senes of appropriate experiments he has 
shown that when an emulsion containing vii ulent S pallida is added to 
serums from normal rabbits and from untreated immune syphilitic rab- 
bits infected with a homologous strain of S pallida and the mixtures 
after incubation at 37 C are injected mtracutaneously into normal rab- 
bits, typical syphilitic lesions commonly develop at the sites of inocula- 
tion of the normal serum-spirochete mixtuie, while at the sites of 
inoculation of immune serum-spirochete mixtures, usuall> either no 
lesions develop or the incubation period of the resulting lesions is shorter 
and the lesions remain smaller than those pioduced by normal serum- 
spirochete mixtures 

In a series of preliminary experiments, of 56 areas inoculated with 
syphilitic serum-spirochete mixtures, the suppressive action of the 
syphilitic serum was manifest in 42, in 10 aieas questionable evidence 
of protection was noted, and in 4 areas there was no evidence that the 
syphilitic seium had exerted a suppiessive or protective action 

The results of the protection test m thiee othei series of expen- 
ments were as follows 1 Of 12 areas in 6 rabbits inoculated with 
normal serum-spirochete mixtuies, typical syphilitic lesions developed 
in all, while in the same numbei of aieas inoculated with immune serum- 

30 Bessemans, A , de Wilde, H, and de Mooi, A Effet du sommeil hibernal 
sur la syphilis du hamster et du herisson, Compt rend Soc de biol 129 376, 1938 

31 Jahnel, F Ueber den Einfluss des Winterschlafes auf die Syphilisspiro- 
chaten in Gehirn und den inneren Organen des Siebenschlafers Em Beitrag zur 
Frage der Selbstheilung bei der tierexpenmentellen Syphilis, Arch f Dermat u 
Syph 171 187, 1935 

32 Turner, T B Protective Antibodies in the Seium of Syphilitic Rabbits, 

J Exper Med 69 867 (June) 1939 
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spnochete mixtuies theie was complete or partial suppiession of lesions 
m all 2 Of 45 areas inoculated with spirochetes plus serum from 10 
diffeient immune syphilitic rabbits, definite evidence of protection was 
observed in 37, questionable evidence in 5 and no evidence of protection 
m3 3 In 8 areas in 4 labbits inoculated with immune seium-spiro- 
chete mixtuies, no lesions developed during the period of observation, 
while in each of 8 areas in the same labbits inoculated with one of two 
normal serum-spii ochete mixtures typical syphilitic lesions developed 

From these experiments Turner concludes, therefore, that duimg 
the course of syphilitic infection m rabbits specific humoral antibodies 
develop which can be demonstrated by an appropriate “pi otection test ” 
The presence of these antibodies is associated with a high degiee of 
acquired immunity to the disease 

Chesney, as a part of his impoitant work on immunity m syphilis, 
has studied with Woods and Campbell,^® the extent to which the eye 
participates m the general resistance which develops m labbits dunng 
syphilitic infection Forty-three treated immune animals were inocu- 
lated with the homologous strain of S pallida, the inoculum being intro- 
duced either into the cornea or into the anterior chamber Forty-one 
normal animals were used as controls Of the immune animals, 27 
(62 per cent) showed lesions m the cornea, of the controls, 90 per 
cent developed corneal lesions The authors continue 

The lesions developing in the corneas of the “immune” animals had a longer 
incubation period on the average, were often of longer duration, and in some 
instances were more severe than the lesions developing in the control animals In 
the case of some animals, also, they showed a greater tendency to recur 

It IS concluded that the eye of the syphilitic rabbit does not share to the same 
extent as other tissues in the general resistant state which develops in that animal 
during the course of syphilitic infection 

In their discussion of these results, the authors say 

The results of these experiments offer a possible explanation for the well estab- 
lished clinical observation that the interstitial keratitis of congenital syphilis is 
prone to recur in patients with that condition one might infer that this 

tendency to recur is due to failure of the cornea of the patient with congenital 
syphilis to participate in the general defense reaction against the infection Such 
an inference would suffice to explain the tendency of such patients to show repeated 
relapses of interstitial keratitis, but would not explain the fact that this condition 
IS singularly resistant to antisyphilitic treatment Some ophthalmologists, notably 
Igersheimer and Derby, have sought to explain the proneness of interstitial keratitis 
to relapse on the basis of allergy The experiments reported in this com- 

munication lend no support to this view Furthermore, attempts made by us to 

33 Chesney, A M , Woods, A C , and Campbell, A D Observation on the 
Relation of the Eve to Immunity in Experimental Syphilis, J Exper Med 69 163 
(Jan) 1939 
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sensitize the corneas of normal rabbits to T palhdiim by the preliminary injection 
of killed suspensions of that organism were entirely fruitless there is no 

direct evidence that such [allergy] is the case, 

SFRODIAGNOSIS OF SYPHILIS 

As m previous years, it is impossible, because of limitations of space, 
to refer to the large volume of technical papers dealing with the sero- 
diagnosis of syphilis Only a few of those which present details of 
piactical importance to the clinician can be mentioned 

In October 1938 there was held an assembly of laboratory directors 
and serologists under the auspices of the Committee on Evaluation of 
Serodiagnostic Tests for S3^philis and the United States Public Health 
Service, at which seventeen papers (later published as a symposium 
were presented and certain recommendations adopted Among the essay- 
ists were Parran, Eagle, Hinton, Kahn, Kline, Kolmer, iMahoney and 
Harrison, Hazen, Senear, Moore, Perry, Hoyt, Casselman, Sanford, 
Whittemore, Gioidano, Wadsworth and Lamb, the discussants included, 
among others, Godfrey, Lange, Nelson, Sherwood and Stokes 

The symposium dealt with fom topics (1) the need for adherence 
to conventional technics m the reliable routine performance of sero- 
logic tests for syphilis, (2) improvement of methods for determining 
the efficienc}^ of the performance of serologic tests, (3) tiaining of 
laboiatory personnel, and (4) the desirability of state departments of 
health approving oi licensing laboratories for the performance of sero- 
diagnostic tests for syphilis Theie weie also descriptions and demon- 
strations by Eagle, Hinton, Kahn, Kline and Kolmer of the latest 
developments in their several technics 

Need foi Adheience to Conventional Technics — In the recommenda- 
tions of the committee on this topic appeals the following 

[There is] great vaiiation in the results obtained in various State, hospital 
and private laboratories The poorest results were usually obtained when 

there was considerable divergence from the technic described by the originator of 
a method Experience has shown that modifications which involve 

considerable divergence from the conventional technic described by the originator 
should not be attempted except as a research project in laboi atones adequately 
equipped with personnel and material for the conduct of such investigations 

Impi ovement of Methods foi Detei mining the Efficiency of the 
Peifoimance of Serologic Tests — Aftei the piesentation of six pei- 
tment papers on this topic, the committee concluded that a system of 
checks of serologic perfoimance should be set up in each state, with a 
laboratory of pioved efficiency (state health department oi other) set- 
ting a standard of specificity and sensitivity in perfoimance against 

34 The Serodiagnosis of Syphilis, Ven Dis Inform , 1939, supp 9 
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which participating laboratories might measure then own lesults To 
qualify as satisfactory, a laboratory should attain a sensitivity rating 
not more than 10 per cent below that of the control laboratory and a 
specificity rating of not less than 99 per cent (The italics aie ouis ) 

These recommendations should be widely publicized and should be 
familiar to clinicians as well as to laboiatoiy directors Even yet there 
IS too little clinical appieciation of the fact that serodiagnostic tests foi 
syphilis are not exactly standardized or standardizable proceduies and 
that, in order to avoid diagnosing syphilis in noninfected peisons oi 
missing the disease in those who are infected, the clinician should know 
not only what technic the laboratory of his choice employs but also how 
efficient that laboiatoiy is when checked against known good perfoim- 
ance 

In Older to simplify the inteipietation of serologic lesults by 
clinicians, the committee also repeated and emphasized the lecomnienda- 
tion repeatedly stressed by three League of Nations seiologic con- 
ferences, beginning m 1923 

“Qualitative serodiagnostic tests should be reported as positive, 
doubtful, or negative" (the italics are ours), and the confusing system 
of plus marks so commonly emplo 3 ^ed should be abandoned 

It was also emphasized by one of the essayists (Mooie) that 
the quantitative serologic test, by whatever method quantitation is carried out, has 
absolutely no diagnostic value whatever for the practitionei , and as yet 

it has comparatively little for the expert At present the value 

of the quantitative serologic test lies in the research rather than m the practical 
field 

In the discussion there was geneial agieement as to the lecommenda- 
tion that tests be leported as positive, doubtful and negative, except 
from Kolmer, who wished to divide the term “positive” into “strongly 
positive” and “weakly positive” and who has subsequently defended his 
stand m a sepaiate paper It was pointed out, however, that this 
adoption of terms was, in effect, a retention of the obsolete s}stem of 
plus niaiks and an attempt at rough (wholly valueless) quantitation If 
the serologist means by the term “weakly positive” that he thinks the 
patient probably has syphilis, the woid “weakly” is supeifluous If, on 
the other hand, the serologist is dubious as to the inteipietation of a 
weakly positive result, a better term is “doubtful,” a word which 
deliberately interjects into the clinician’s mind the meaning the seiologist 
intends to convey 

The discussion of the value of quantitative tests m diagnosis was 
especially pertinent because of the adoption by the New York State 

35 Kolmer, J A Concerning the Method Proposed for Reporting the Sero- 
logical Reactions for Syphilis as Positive, Doubtful anq Negative, Am J Clin 
Path 9 121 (March) 1939 
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Depaitment of Health Laboratoiy of an esoteric quantitative technic for 
routine diagnostic purposes (Wadsworth, Maltanei and Maltaner , 
Maltaner ®') This technic differs from the quantitative technics used 
in most laboi atones at the present time in two respects (1 ) complement 
IS titered against a fixed amount of serum rather than serum being 
titered against a fixed amount of complement, and (2) the lesults are 
repoited in terms of units calculated fiom the following latio 

Amount of complement required for 50 per cent hemolysis with serum and antigen 

Amount of complement required for 50 per cent hemolysis with serum alone 

Discussion of the complex technical details of the quantitation of 
the Maltaner technic, of the value of this proceduie as compared with 
direct quantitation of serum reagin or of the probable eiroi introduced 
by the varying anticomplementary activity of different serums is here 
purposely avoided Not only is the lest itself complicated and unsuited 
for general performance, but the manner of reporting the lesults to the 
clinician is equally complicated and subject to gross mismterpi elation, as 
may be seen fiom the following paragraph which appeals on the reveise 
of the New Yoik State serologic report blank 

The quantitative complement fixation test foi sjphihs permits reporting a 
numerical lalue which is a direct index of the degree, or titer, of the reaction When 
no reaction occurs, i e , when the fixation is the same in the test and control, the 
numerical lalue of the titer is 1, when the fixation is twice as great in the test 
as in the control, the titer is 2, etc A titer of 1 5 has been obser\ ed with an 
extremely small percentage of specimens from healthy individuals Titers of less 
than 1 5 ha\e been recorded in the known cases of syphilis when intensively treated, 
although in some such cases titers of 2 or more may occur occasionally Whether 
or not titers slightly m excess of 2 occur in conditions other than syphilis is not 
known, and therefore the significance of reactions of this degree should be carefully 
considered As a uilc, the higher the titer the gi eater its siginpcaiice in diagnosis 
[The italics are ours The italicized statement has no present basis in fact ] Speci- 
mens with titers greater than 6 hav^e given leactions of complete fixation (4-{-) 
with the previous method Titers of 100 or greater have been determined in a few 
cases under special investigation, but it is not practicable at the present time to 
report the degree of reactions when the titers are greatei than 10 

Tiaiinng of Petsonnel and Licensing of Lahoi atones — The papers 
dealing with these points and the discussion at the assembly of laboi atory 
directois aie of greatei public health than of general medical interest 
and will be omitted heie 

36 Wadsworth, A , Maltaner, F, and Maltaner, E Quantitative Studies of the 
Complement-Fixation Reaction with Syphilitic Serum and Tissue Extract Technic 
of the Practical Quantitative Test, J Immunol 35 217 (Sept ) 1938 

37 Maltaner, E Serologic Tests m the Diagnosis of Sj'phihs, Am J Pub 
Health 29 104 (Feb ) 1939 
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"'Pi eswnptwe” '‘Excluswif and ‘'Saeen” Tests — An editorial 
commentator m The Jownal of the Ameucan Med'ical Association wntes 
as follows 

An increasing widespiead use is apparent of tests for syphilis said to be so 
sensitive that a negative result “excludes” syphilitic infection while a positi\e 
result IS “presumptive” evidence of syphilis Confirmation by a less sensitive and 
more specific procedure is, of course, necessary before such tests can be considered 
of diagnostic significance Several aspects of these tests should give pause to 
serologists and physicians alike, foi they promise to cause serious errors, both of 
omission and of commission, in the diagnosis and treatment of syphilis 

The first criticism concerns nomenclature Not merely does no laboratory test 
yet devised “exclude” syphilis, but no laboratory test even excludes the presence 
of serum reagin Moreover, it is not necessarily true that a serum giving a negative 
Kline exclusion or Kahn presumptive result will be negative by every other technic 
used In any extended series of tests, certain syphilitic serums ai e detected only bv 
an ordinarily less sensitive procedure These paradoxic lesults are paiticularly 
common when both a flocculation and a complement fixation test are used Finally, 
the flocculation phenomenon is peculiarly susceptible to zone reactions, i e false 
negative results caused by the presence of excessive amounts of reagin A serum 
may be negative with any flocculation test, screen tests included, when tested as 
whole serum, yet the complement fixation test may be clearly positive and the 
flocculation procedure may be similarily positive if the serum is tested in 1 10 or 
1 20 dilutions For these several reasons it is clear that the term “exclusion” test 
IS misleading It would seem preferable to call these procedures “screen” tests, for 
such they are, and thus to avoid the present confusing terminology 

A far more important criticism applies not to the tests but to the manner 
in which they are used Certainly it was not the intention of then originators 
that these tests were to be used as diagnostic measures , yet reports as difficult 
to evaluate as “exclusion test positive, diagnostic test doubtful,” presented with- 
out explanation to the physician, invite the possibly mistaken diagnosis of syphilis 
In the hands of experts these exclusion procedures may be highly specific In 
the average laboratory they are often not specific, and experience has shown a 
general average of false positive reactions ranging from 1 to 10 per cent When 
a laboratory obtains a positive “exclusion” or "presumptive” result, the burden 
of proof rests on the laboratory that such a result is not due to laboratory error 
but reflects the actual presence of reagin 

Indeed, one might properly insist that the clinician be not informed of the 
result of a hypersensitive screen test unless it is negative, for the weeding out of 
negative serums is its only proper function No matter what result is obtained 
when a positive or doubtful screen test is checked by one or more specific diag- 
nostic tests, only the latter should be reported by the laboratory, and the result 
of the “exclusion” or “presumptive” test should be withheld The objection may 
be raised that a report “exclusion test positive, diagnostic test negative” is a 
valuable guide to treatment in cases of known syphilis and that such a result 
indicates the persistent presence of traces of reagin That point of view is debat- 
able To the extent that the “exclusion” test may be false, it may be as much 
in error with syphilitic serums as with nonsyphilitic serums Aloie important, 
antisyphihtic treatment is not directed against the presence of serum reagin, it 

38 "Presumptive,” “Exclusion” and “Screen” Tests for the Serodiagnosis of 
Syphilis, editorial, JAMA 112 541 (Feb 11) 1939 



1066 


ARCHIVES OF INTERNAL MEDICINE 


IS directed against the spirochete The modern treatment of syphilis properly 
pays little heed to the serologic response and more to the patient 

Used solely as an intralaboratory procedure to facilitate the recognition of 
negative serums, the hypersensitive screen test may fill a useful function , but to 
report positive or doubtful screen tests to the physician as quasidiagnostic tests 
which he must weigh and interpret cannot fail but cause confusion and invite 
the mistaken diagnosis of syphilis 

Provocative Test — Bat nett, Kulchai and Jones attempt to show 
that the so-called provocative effect following the injection of neo- 
aisphenamine is an unreliable aid to the diagnosis of syphilis In an 
earhei papei the authois desciibe a method, using the Kline diagnostic 
test, for the detection of leagm m noimal serum They employed the 
same technic to determine the proiocative effect of neoarsphenamine, 
045 Gm , m normal and syphilitic peisons Thirtj^-two normal persons 
were tested, none of whose seiums contained moie than 1 unit of 
reagin (b) the quantitative measuiing device of the authors) before 
neoaisphenamine was gnen Aftei twenty-foui hours the reagin content 
had inci eased to 2 units or more m all but 5, m forty-eight hours all 
but 1 seium showed an appreciable increase m leagin, and m ninety-six 
hours even this serum had a leagin titei of 3 units The same pro- 
ceduie was carried out on seiums from 30 patients who were being 
treated foi syphilis Nine of the serums showed no increase in reagin 
titer The mean inciease in the leagin content of the seiums of the 
nonsyphihtic group was 1 unit, the mean inciease in the sjphilitic group 
was 1 3 units The authors conclude 

since the injection of neoaisphenamine produces an increase in reagin- 
like substance in nons 3 'philitic sera, the proiocatne reaction is an unreliable 
procedure and a positive reaction should not be considered diagnostic of sj^philis 

Biologic False Positive Serologic Reactions in the Presence of Infec- 
tious Mononucleosis, Respiratory Infections, Relapsing Fever, Tuber- 
culosis and Malaria — In the early 3 ears of the AVassermann test many 
diseases other than syphilis w'eie said to give occasionally or often 
biologic false positive serologic reactions Latei, for two decades or 
more these statements were discounted except in legard to yaw'^s, leprosy 
and perhaps malaria Still moie lecently evidence is accumulating which 
indicates that the early opinion w^as coriect and that conditions other 
than sj^phihs may piovide false positive results 

39 Barnett, C W , Kulchar, G V , and Jones, R B , Quantitative Pro- 
vocative Reactions in Normal and Syphilitic Sera Following the Injection of 
Neoarsphenamine, Am J Syph , Goner & Ven Dis 22 712 (Nov ) 1938 

40 Barnett, C W , Jones, R B , and Kulchar, G V Measurement of 
Reagin in Nonsyphihtic Sera, Proc Soc Exoer Biol & Med 33 214 fNov ) 
1935 
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Bernstein found that tiansitonly positive complement fixation or 
flocculation or both developed m 6 of 37 personally observed cases of 
infectious mononucleosis, and Sadusk^^ obseived the same phenomenon 
m 3 of 37 cases of this disease 

Kiag and L^nberg^^ point out that when the specificity of a given 
serologic test is under deteimination, generally by the selection of 
samples of seium fiom a group known to be syphilitic and a group that 
IS nonsyphilitic, the test proves to be remarkably specific, but that when 
it IS put into routine use, with all types of disease being encountered, 
nonspecificity is often levealed Of 120,000 specimens of serum from 
nonsyphilitic patients which were tested m the Danish Seium Institute 
ovei a peiiod of eighteen months, 53 (004 per cent) gave biologic false 
positive results Of the 53 seiums giving false positive results, 60 per 
cent were from patients with respiratoiy infections As causes of these 
false positive leactions the following diseases aie listed pneumonia 14, 
bionchitis 6, pleurisy 1, pulmonary tubeiculosis 2, sore throat 3, otitis 
media 2, common cold 1, emphysema 1, herpes genitalis 5, rat bite 
fever 2, malaria 1, gonorrheal pelvic disease 5, toiqued uterine fibroma 
(7) 1, unidentified disease 9 

Chung and Chang found that 7 95 per cent of 88 patients with 
1 elapsing fever had biologic false positive blood tests foi syphilis The 
cerebrospinal fluid of 16 of these patients was examined from two to 
foul times, and that of 9 gave a positive W assermann i eaction , within 
one to three weeks after the temperature of these 9 patients became 
normal, the reaction of their spinal fluid reverted to negative Murrell 
reports a case of i elapsing fever in which the serologic test for syphilis 
was positive The patient was given four doses of maphaisen (hemi- 
alcoholate of 3-amino-4-hydroxyphenylarsine oxide hydrochloride), 
which cured the relapsing fever, and the serologic tests promptly became 
negative and lemamed so 

Parran and Emerson analyzed the serologic results repoited for 
450 nonsyphilitic patients with pulmonaiy tubeiculosis All the serums 

41 Bernstein, A False Positive Wassermann Reactions in Infectious Mono- 
nucleosis, Am J M Sc 196 79 (July) 1938 

42 Sadusk, J F Temporarily Positive Kahn and Wassermann Reactions 
m Infectious Mononucleosis, JAMA 112 1682 (April 29) 1939 

43 Krag, P , and L0nberg, A The Occurrence of Strong Non-Specific 
Wassermann-Kahn Reactions, Acta dermat -venereol 19 612 (Dec ) 1938 

44 Chung, H L, and Chang, F C Relapsing Fever Clinical and Statis- 
tical Study of Three Hundred and Thirty-Seven Cases, Chinese M J 55 6 (Jan ) 
1939 

45 Murrell, T W Positive Wassermann Reaction in Spirochetal Infections 
Other Than Syphilis, Arch Dermat & Syph 39 667 (April) 1939 

46 Parran, T , and Emerson, K The Effect of Tuberculosis on Serologic 
Reactions for Syphilis, Am Rev Tuberc 39 1 (Jan) 1939, Ven Dis Inform 
20 1 (Jan) 1939 
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weie tested with the Eagle macioflocculation test, the Kline, Kahn and 
Hinton flocculation tests, and the Kolmer and the Eagle complement 
fixation tests Positive or doubtful results weie lepoited with fiom one 
to three of these tests for 26 (7 8 pei cent) of the 450 patients, none of 
the 26 gave doubtful oi positive lesults with moie than three of the tests 
employed The authors conclude 

inasmuch as with the present serologic tests for syphilis both typical 
and atypical false doubtful and false positive results aie found in serums from 
tuberculous donors, it is evident that tuberculous tovcmia may contribute a con- 
fusing factor to syphilis serology It should not, however, present a majoi 
problem in the clinical interpretation of results obtained w'ltli carefully conducted 
serodiagncstic procedures 

Kitchen, Webb and Kupper inoculated 30 nons 3 'philitic persons 
with malaria Specimens of blood were collected before inoculation, 
during the incubation peiiod, during paroxysms and foi a considerable 
period aftei the termination of the maJaiia Each patient in whom 
malaiia developed showed a positive seiologic leaction for syphilis at 
some time between inoculation and a date fourteen dais after the 
termination of the attack In 72 pei cent of the cases the positive reac- 
tion fiist appealed duiing the thud and fouith week after inoculation 
Positive leactions were observed m a few instances before clinical 
symptoms of malaria developed In 68 per cent of the cases the positive 
leactions appeared during the fiist tw''o w'eeks of the febiile period The 
peicentage of positive leactions was highest during the period from 
fifteen to twenty-one days after the last paioxysm The duration of 
the positive seiologic reactions exceeded three w^eeks in 60 per cent and 
four weeks in 48 per cent of the cases Ihis wmrk confirms the work 
of Ester,^® who found that in 9 of 10 cases of inoculation wnth malarial 
paiasites seiologic tests for syphilis became positive 

False Posihve ReacHons of Cei eh) ospinal Flwd in Tests fo) Syph- 
ilis — McLean and Hunger leport 10 cases in wdiich cerebrospinal fluid 
gave biologic false positive i eactions in tests for syphilis The diagnoses 
in these cases weie as follow’^s encephalomalacic atrophy, encephalo- 
malacia, streptococcic septicemia, electrical bui n, extrathecal panniculitis, 
cei ebi ospinal rhinorrhea, skull fiactuie, concussion, neuritis and multiple 

47 Kitchen, S F , Webb, E L , and Kupper, W H The Influence of 
Malarial Infection on the Wassermann and Kahn Reactions, J A Iil A 112 1443 
(April 15) 1939 

48 Ester, F Sul comportamento di alcune sieroreazioni della sifihde sul 
siero di sangue dei non luetici inoculati spenmentalmente con malaria terzana 
benigna, Gior di battenol e immunol 17 502 (Oct ) 1936 

49 McLean, A J, and Munger, I C, Jr False Positne Wasserinanns in 
Cerebrospinal Fluid, West J Surg 46 455 (Sept ) 1938 
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sdeiosis These authois experimentally produced a positive Wasser- 
inann leaction in the cerebrospinal fluid of a dog by injecting intia- 
cisternally the fluid from a craniophaiyngioma 

Positive leactions of spinal fluid m tests for syphilis have been 
repoited in the past foi patients who had spontaneous malaria Kuske 
investigated the frequency with which complement fixation tests foi 
syphilis with ceiebiospmal fluid fiom patients being given malaiia treat- 
ment foi gonorrhea became positive He was unable to demonstiate 
positive leactions of the spinal fluid fiom any of tliese patients He also 
noted that positive Wasseimann reactions did not develop m the spinal 
fluid of patients with latent syphilis duimg malarial infection 


PUBLIC HEALTH ASPECTS 

Piobabihty of Acqmung SypJnbs and Fiequency of a Disasti'ons 
Outcome — In an impoitant paper Vondeilehr and Usilton piesent the 


YEARS OF LIFE NUMBER OUT OF 100000 PERSONS BORN ALIVE 

from birth WHO WILL ACQUIRE SYPHILIS BEFORE THE GIVEN AGE 
TOGIVEN AGE 
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BASED ON 1937 CONDITIONS IN U S A 


Fig 1 — Schema showing that the number of persons acquiring syphilis dui ing 
life IS 1 in every 10 (after Vonderlehr and Usilton 


statistical data which justify the statement that “syphilis stiikes one out 
of eveiy ten adults ” 

This statement is based on the annual attack late [based on those found in 
surveys of licensed treatment sources within the past two years] applied to 
100,000 individuals born alive and followed throughout life Although the annual 
attack rate seems low, when cumulated so as to indicate the probability of acquir- 
ing syphilis by a given age, it is found that 10,000 people before the attainment 

50 Kuske, H Zur Beurteilung der Luesieaktionen im Serum und im Liquor 
cerebrospinalis bei Impfmalaria, Dermat Ztschr 78 137 (Aug ) 1938 

51 Vonderlehr, R A , and Usilton, L J Chance of Acquiring Syphilis and 
the Frequency of Its Disastrous Outcome, New York State T Med 38 1376 
(Nov 1) 1938, Ven Dis Inform 19 396 (Nov) 1938 
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of the fiftieth year of life will have acquiied s}'philis out of every 100,000 born 
alive 

This rate is different fiom that found on routine serologic examination of per- 
sons tested under the antenuptial physical examination laws, in industry, or in 
any random sample of the population Several reasons for these differences are 
given (a) Many persons in a random sample are still in danger of acquiring the 
infection, (b) The blood test for S 3 "philis becomes negative either spontaneously 
or as the result of treatment in many infected persons , (o) Death removes from 
the population a high propoition of those who are infected 

As to a disastrous outcome of sjphihs, Vonderlehr and Usilton 
present data to show that tieatment decreases this piobabihty, especially 
as to caidiovasctilar and neuios}phihs, and (an observation important 



Fig; 2 — Schema showing factors which reduce the number of persons with 
detectable syphilis to 1 in 100 (after Vonderlehr and Usilton oi) 


to public health officer and clinician alike) that a satisfactoiy lesult from 
the treatment of earty syphilis which has been maintained for from 
three to ten years after treatment is practicall}'- certain to be maintained 
further over a ten to twenty year period 

Syphilis Conti ol m the South — ^\fondeiIehi calls attention to the 
magnitude of the problem of syphilis m tlie southern half of the United 
States and the relative lack of clinics and clinical equipment Of the 
518,000 persons estimated to acquire syphilis annuall)'’, 65 per cent are 
in sixteen southern states and the District of Columbia, though only 
30 per cent of the population lives in this aiea The medical facilities 

52 Vonderlehr, R A The Control of Syphilis in the Southern States, 
South M J 31 863 (Aug) 1938 
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so far available in these southern states piovide for only about 20 per 
cent of the medical caie needed for the effective control of syphilis In 
contrast to this gloomy picture, Sharp describes progress in the South 
Eleven of these sixteen states now have full time officers for the contiol 
of venereal disease Ten states distiibute antisj^philitic diugs fiee to 
the indigent, and two of these states distribute drugs to all patients In 
twelve states laboratoiy facilities for direct and indirect dark field exam- 
ination are now available In all states but one, free serologic tests are 
performed Effoits are being made to increase epidemiologic investiga- 
tion and to train health officers, public health nurses, veneieal disease 
control officers and cooperating clinicians 

Syphilis Control m the City of New Yoik — ^Rice,®^ commissioner of 
health of the city of New York, discusses the problem of syphilis control 
in general and outlines the basic principles followed by the New York 
City Health Department 

The chief elements of the program are 

1 Case finding activities to include 

(ff) Popular education 

{b) Epidemiological investigation 

2 Easily available diagnostic services for the general population 

3 Treatment services for low income group 

4 Follow-up services to retain patients under treatment at least until they 

are noninfectious 

5 Professional education both for piacticing physicians and for undergraduate 

medical students 

6 Facilities to aid private physicians and clinics in keeping patients under 

their treatment including 
(a) Consultation service, 

(&) Free drugs, 

(c) Follow-up service 

Syphilis m Colleges — Turableson and Ennes investigated the 
incidence of syphilis m the colleges of the United States by sending 
questionnaires to the administrative heads of various institutions Sero- 
logic reports were obtained on 83,000 students Among white students 
the rate of positive tests was 2 03 per thousand for men and 1 78 per 
thousand foi women The rate foi Negro students was 26 pei thousand 

53 Sharp, W K, Jr Progress in Syphilis Control in the Southern States, 
South M J 31 866 (Aug) 1938 

54 Rice, J L Syphilis and Gonorrhea as Public Health Problems, Ann Int 
Med 12 503 (Oct ) 1938 

55 Tumbleson, R C , and Ennes, H W , Jr A Study of Syphilis in American 
Colleges, J Social Hyg 25 184 (April) 1939 
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for men and 27 6 per thousand foi women There was no significant 
diffeience among colleges m various regions of the country 

Epidemiology of Syphilis — Smith and Sheppe °° found a 75 pei cent 
incidence of syphilitic infection among peisons who had been in sexual 
contact with patients sufifering f i om early syphilis 

Clark®’' insists that before s3'phihs can be eradicated a concentiated 
effort must be diiected toward the leseivoiis of infection One hundred 
and twenty-two patients with early syphilis named 168 persons with 
whom they had been in sexual contact, of whom 112 (66 8 per cent) 
were examined Of these, 63 (562 per cent) were found also to have 
early syphilis Among 368 family contacts of the 122 patients, 271 (73 5 
per cent) weie examined and 37 (13 6 per cent) veie found to have 
early syphilis 

Kulchar and Ninms determined the source of infection of 1,152 
syphilitic patients m San Francisco Of 909 infected men, 39 8 per cent 
were infected thiough contact vith prostitutes, 51 1 per cent through 
clandestine sexual contacts, 4 7 pei cent through marital contact and 
4 4 per cent through homosexuality Of 243 infected women, 18 1 pei 
cent were infected through prostitution, 54 3 pei cent through clandestine 
sexual contact and 27 6 pei cent through mai ital contact The authors 
feel that from the public health standpoint clandestine souices of infec- 
tion are relatively more important than piostitution inasmuch as 35 per 
cent of the piostitutes could be located and put undei tieatment, vheieas 
only 14 per cent of the clandestine contacts could be ti aced 

Cost of Caung foi Syphilis — Biumfield has estimated the cost of 
caring for syphilitic persons in Buffalo in 1936 The population of 
Buffalo IS 573,076, of whom 13,563 are Negroes 

The cost of syphilis (exclusive of the hospitalization of earlv 

and latent hospital cases) was $165,352 21 ($0 287 per capita), of which $105,216 21 
($0183 per capita) was spent for the hospitalization of patients suffering from late 
manifestations of the disease 

The cost of operating ambulatory clinics was $32,834 52 ($0 058 per capita) and 
of serologic laboratories $25,274 90 ($0 044 per capita) The cost of antisyphilitic 
drugs was $1,926 58 ($0 003 per capita ) 

A great saving in public funds could be accomplished through case- 

finding procedures directed toward the placing of patients under treatment in the 

56 Smith, D C , and Sheppe, W M Studies in the Transmission of Sj'philis, 
West Virginia M J 34 101 (March) 1938 

57 Clark, E G Fundamentals in the Eradication of Syphilis, South M J 32 
460 (May) 1939 

58 Kulchar, G V, and Ninnis, E I Sources of Infection in Syphilis, Am J 
Syph , Gonor & Ven Dis 22 584 (Sept) 1938 

59 Brumfield, W A Hospital, Clinic and Laboratory Costs of Syphilis m 
Buffalo, New York, with a Comparison of Similar Costs in Baltimore, Maryland, 
Ven Dis Inform 20 63 (March) 1939 
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eaily stages of the disease and thus preventing late manifestations The expendi- 
ture of funds for such procedures would undoubtedly be saved many times over 

From a compilation of various statistical data, Rice °° concludes 
that blindness is due to syphilis in about 15 per cent of cases in this 
countiy Usually it is from primary atrophy of the optic nerve Since 
the 1930 census enumeiated 63,489 blind peisons in the United States, 
theie are about 10,000 persons who aie blind because of syphilis Rice 
estimates that syphilitic blindness alone causes an annual loss of earnings 
of $6,000,000 and necessitates special appropriations by taxing bodies 
and private chanty of more than $4,000,000 additional 

Syplnhs and Life Insurance — Murrell and Manson properly object 
to the present approach of insurance companies to syphilis among 
applicants, i e , to the question “Have jmu ever had syphilis Those 
who admit that they have had the disease aie either rejected or must 
pay an augmented premium , those who deny infection present a possible 
risk which the company ignores About 2 per cent of applicants for life 
insurance have syphilis, but only 0 127 per cent admit that syphilitic 
infection is present Those persons who admit that they are infected 
are given undue publicity The information not only goes through the 
hands of many secretaries but is then sent to a central bureau The 
authors suggest the following remedy 

(1) Delete the question [“have you ever had syphilis^”! from the blank and 
go on in entire ignorance This would not be bad, since at present the companies 
must be 85 per cent ignorant 

(2) Delete the question and do a routine Wassermann or pi ecipitation test on 
all applicants for insurance over a certain amount This would be a complete 
solution, for a positive serum test is not necessarily proof of the existence of 
syphilis and is not, therefore, actionable before the courts and its recording would 
be ethical 

Lazvs and Syphilis — Duiing the past year there has been much 
debate, in state legislatuies and among phjsicians, as to laws requiring 
piemaiital and prepartum blood tests Snow is of the opinion that 
such laws are useful but must not be introduced too quickly As of 
March 1939, ten states required premarital serologic tests, and like bills 
were pending in the legislatures of thirtj-thiee others Four states 
required prepartum serologic tests, and like bills v ere before the legisla- 

60 Rice, E E Cost and Loss from Sj'-phihtic Blindness in the United States, 
Ven Dis Inform 20*91 (April) 1939 

61 Murrell, T W , and Manson, R C Syphilis and Life Insurance, South 
M J 32 322 (March) 1939 

62 Snow, W F Protection of Marriage and Childlife Against Syphilis, 
Am J Syph , Conor & Ven Dis 23 277 (May) 1939 
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tures of eighteen others Nelson,®^ however, objects to compulsory pre- 
marital examination Stokes and Ingraham ®‘‘ take a neutral stand 

An editorial®® commentator biiefly summarizes the arguments in 
favor of and against premaiital laws The aiguments in favor are as 
follows 

1 They are valuable methods of case finding, the first essential of any syphilis 
control program 

2 Thej'- will decrease the transmission of syphilis in marriage 

3 They will decrease the incidence of congenital s 3 'phihs 

4 By insistence on blood tests by “approved laboratories” they will raise the 
standard of laborator 3 '’ performance throughout the country 

5 They will have a general educational value, in keeping the problem of syphilis 
clearly in the public mind 

The aiguments against them, equally briefly, aie 

1 In the diagnosis of syphilis, emphasis is laid almost wholly on the laborator 3 ' 

2 The specificity of serologic tests for syphilis in the best of hands (the 
originators of the tests themselves) is technically short of perfect The recent 
serologic surveys of the United States Public Health Service and the American 
Society of Clinical Pathologists point out that (a) in the most competent hands 
(those of the originators), modern serologic tests provide from 02 to 1 per cent 
technical false positive results in known nons 3 'pbihtic persons , (b) in laboratories 
other than those of the originators, performance may be as good as this, but 
an important number of laboratories (including more than one state or municipal 
health department laboratory), report technical false positive results in normal 
persons in from 1 to 10 per cent of those tested 

3 The specificity of serologic tests for S 3 'philis is not only technical^ but also 
biologically short of perfection Several diseases, including two reasonabh' prevalent 
in this countiy (malaria and infectious mononucleosis), cause biologic false positive 
results in a significant proportion of cases , and far too little positive modern 
information is available as to biologic false positi\e tests in man 3 '- other conditions 
(e g , vaccinia, after serum treatment, during fever or jaundice, etc ) 

Moreover, evidence is accumulating to suggest that the blood of a small but 
as 3 '^et unknown proportion of perfectly normal persons may from time to time 
or permanently contain enough reagin or reagin-like substance to cause a transitory 
or permanent biologic false positive serologic test 

Therefore, in view of the second and third items, a considerable number of 
nonsyphilitic persons will be caused undue alarm, delay in marriage, and expense 
in unraveling the significance of false positive or doubtful results The case reports 
of Stokes and Ingraham make clear that this is already happening, as other con- 
sulting S3"philologists also can testif 3 ' 

63 Nelson, N A Marriage and the Laboratory, Am J Syph, Conor & Ven 
Dis 23 288 (May) 1939 

64 Stokes, J H , and Ingraham, N R , Jr S 3 '^philis and the Law, with Dis- 
cussion of False Positive Blood Serologic Tests, JAMA 112 1133 (March 25) 
1939 

65 Premarital and Prenatal Examination Laws for Syphilis, editorial, Am J 
Syph , Conor & Ven Dis 23 386 (May) 1939 
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4 The blood test is a wholly invalid indicator of infectiousness or noninfectious- 
ness m syphilis 

5 Four States (Wisconsin, Illinois, Michigan, and Kentucky) ha\e rushed so 
headlong into such legislation as to forbid the marriage of a person with a positive 
serologic test for syphilis at any time, regardless of his actual or potential infec- 
tiousness Their hasty, misguided, and unjust legislati\e example may be followed 
by other states 

6 Where the law requires blood test evidence to be reinforced by clinical 
examination, it is even more faulty, since, at an estimate, 95 per cent of all patients 
infected with syphilis will show no gross physical evidence of the disease at the 
time of life when marriage is usually contracted 

7 The law will not serve its purpose in preventing the spread of sj'-philis within 
marriage Premarital intercourse is already so frequent as to make the law an 
effort to lock the stable door after the horse is stolen In the social and economic 
groups having the highest incidence of syphilis, the incidence of common-law 
marriages and of illegitimacy will be increased 

Brunet and Salberg®® have analyzed statistically the infoimation as 
to age, sex life, pregnancies, abortions and venereal disease obtained 
from 913 women who applied to their clinic for compulsoi)’- premarital 
examinations Only 177 (19 per cent) of the group were found to have 
intact hymens In spite of the large number who had apparently been 
sexually exposed, only 2 pei cent had positive ICahn or Wassermann 
tests 

In Wisconsin, Lorenz found only 295 persons (0 6 per cent) with 
positive serologic tests for syphilis among 45,992 examined as a routine 
under the antenuptial blood test law 

Compulsory vs Vohmtaiy Methods m the Control of Syphhs — 
There is ample evidence of a material decline in the incidence of fresh 
syphilitic infection in northern and northwestern European countries 
For the Scandinavian countries, Holland and Great Britain, the data are 
documented afresh by a British commission (Harrison and associates 
and for Russia in a striking paper by Danyushevsky Harrison and 
the British committee were especially interested in the tiends in the 

66 Brunet, W M , and Salbberg, J B The Findings in Nine Hundred and 
Thirteen Premarital Examinations, Am J Syph , Conor & Ven Dis 23 300 
(May) 1939 

67 Lorenz, W F Antenuptial Blood Tests in Wisconsin, Wisconsin M J 
38 318 (April) 1939 

68 Harrison, L W , Ward, D C L , Ferguson, T , and Rorke, LI Report 
on Anti-Venereal Measures in Certain Scandinavian Countries and Holland, 
Ministry of Health Reports on Public Health and Medical Subjects, no 83, Lon- 
don, His Majesty’s Stationery Office, 1938 

69 Danyushevsky, S M Combating Venereal Diseases m the U S S R, 
Am J Syph , Conor & Ven Dis 23 498 (July) 1939 
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several countries studied because of differences in public health technic 
They conclude 

Considering that in the countries employing compulsor}’^ treatment [the Scan- 
dinavian countries] and in those which rely on a voluntary system [Holland, 
England and Wales, Scotland] the degree of success in reducing the incidence of 
syphilis and of relative failure in gonorrhea are broadly similar, compulsory treat- 
ment does not seem to us to be a major factor influencing the results of the anti- 
venereal measures in the countries where it is employed 

Harrison and his group believe that the fall in the incidence of 
syphilis IS a direct reflection of the provision of adequate facilities foi 
treatment and that such compulsor)'- factors as legal insistence on tieat- 
ment, on examination of contacts or of othei members of the family 
(the epidemiologic approach to case-finding now so popular m the 
United States), on routine serologic testing or even on organized 
follow-up service, aie relatively noncontributory 

In a lengthy but important aiticle Towne‘° analyzes Harrison’s 
British report He points out that the statistical basis for a compaiison 
between the figures foi the incidence of syphilis in the several countiies 
is inadequate and that certain of the statistical methods emplo3'ed b} 
the British committee may be invalid He concludes that 

Both compulsory and voluntary methods are needed Each patient should, 
so far as possible, be dealt with on an individual basis through a friendly, edu- 
cative, suasive approach Qinics and also private practitioners should have 
the services of public health nurses, medical social workers, or other qualified 
field workers Modern epidemiologic methods of finding sources of infection 
and new cases should be utilized Public health authorities should maintain 
complete and intelligently analyzed statistical information concerning these dis- 
eases, both en masse and in respect to the relative effectiveness of different meth- 
ods of control To this end and for other purposes as well, the official reporting 
of all cases of syphilis and gonoirhea should be made mandatory There should 
also be needed legal authority for the proper use, when and as necessary and 
particularly m cases of uncooperative patients, of compulsory measures concern- 
ing the carrying out of treatment and the prevention of new infections 

These and many other of the myiiad papers of the past few years 
on public health measures for the contiol of syphilis raise an exceedingly 
interesting speculative pioblem For public health authorities in the 
United States the model, on which their efforts aie patteined, is found 
in Scandinavia and especially Sweden, where fresh syphilitic infections 
have fallen to a veiy low lev'^el There has been a universal tendency 
to apply hoc ei go pioptei hoc reasoning heie, to wit “Certain 
countries have adopted certain measures for the control of v^enereal dis- 
ease, in these countiies the incidence of syphilis has maikedly deci eased, 

70 Towne, A W Compulsorv Versus Voluntary Methods of Venereal Dis- 
ease Control in Scandinavua, Holland, and Great Britain, Am T Sv'ph , Conor 
& Ven Dis 23 348 (May) 1939 
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therefoie the deciease is directly due to the measuies adopted ” But, in 
a very laige sense, this reasoning is faulty and uncontrolled In prac- 
tically all countnes of the woild except Sweden and Denmark theie is a 
lack of accurate data as to the incidence of syphilis over a long period 
Particularly is there a lack of woith while infoimation as to the incidence 
or trend of syphilitic infection in vaiious Southern and Southeastern 
Euiopean or m Noith oi South Ameiican countries, where (at least 
until recently) there has been no oiganized eftoit at the control of 
syphilis Where many control measures are simultaneously employed, 
it is impossible to evaluate the effect of any one 

The available figures foi the world as a whole at least suggest that 
the incidence of syphilis may be declining, and possibly at the same 
lelative rate in those countnes which have not made a major public 
health effort as m those which have, and that the decline may be due not 
to the measuies adopted for its contiol but to natuial phenomena not 
as yet undei stood This ciitical comment is not in the least intended 
to decry the piesent effort in this countiy to stamp out syphilis or to 
imply that it will not be successful, it is fair to assume that if the decline 
in syphilis in, e g , Sweden has actually been due to the control measures 
adopted, those same methods or appiopriate modifications of them will 
produce the same result m the United States It is, however, suggested 
that m most countnes, including this one, morbidity and mortality 
statistics do not yet peimit sweeping conclusions as to the efficacy of 
control piocedures 

DRUGS 

Action of Aisphenamines and Bismuth Compounds in Vitro — ^There 
is now accumulating impoitant information as to the action of anti- 
syphilitic drugs Since the time of the discoveiy of aisphenamme it has 
been thought that the action of this drug on S pallida was indirect 
Since arsphenamiiie was thought not to kill spiiochetes in vitro, it was 
postulated that the diug was converted m vivo into an actively spiro- 
cheticidal substance Eagle has restudied the problem and has demon- 
strated that arsphenamiiie, neoarsphenamine, silver arsphenamine and 
arsenoxide aie spirocheticidal in vitro Varying dilutions of these drugs 
were added to an emulsion of labbit chancre and were found in 
individual expeiiments to immobilize S pallida m dilutions approxi- 
mating 1 250,000 for neoarsphenamine, arsphenamine and silver 
arsphenamine and 1 1,000,000 for arsenoxide The spirocheticidal 
property of the drugs in these dilutions was found to be affected by (1) 
the length of time the diug remained in contact with the emulsion (the 
longer the inteival the higher the diug’s effectiveness) , (2) the tempeia- 

71 Eagle, H On the Spirocheticidal Action of Arsphenamines on Spiro- 
cheta Pallida m Vitro, J Pharmacol & Exper Therap 64 164 (Oct) 1938 
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ture (the higher the temperature within the lange of 23 to 37 C [73 4 to 
986 F ] the more organisms killed and the shorter the penod required), 
and (3) the addition of tissue derivatives, which inhibited the in vitro 
spirocheticidal action Serum has only a slight inhibitory effect 

The action of bismuth in syphilis has been as poorly understood as 
that of arsenic, and, like arsenic, bismuth has been thought not to be 
directly spirocheticidal Levaditi attributed its action to the forma- 
tion in VIVO of a hypothetic bismuth-protein complex, “bismoxyl ” Kolle 
and Evers,^^ on the other hand, presented evidence that bismuth is not 
actively spirocheticidal even in vivo and that it merely inhibits the growth 
of S pallida Now, however, Eagle shows that, like arsenic, bismuth 
IS probably directly spirocheticidal He says 

It would appear from the e-s-penments here described that bismuth compounds 
kill pathogenic Sp pallida in vitro The organisms are immobilized, become non- 
infectious for rabbits, and are presumably dead There was no indication 

that tissue deiivatives contributed in any way to the antispirochetal action of 
bismuth, on the contrary, as in the case of the arsphcnamines, tissue extractives 
regularly and markedly inhibited this activity As much as an eighty-fold decrease 
in the apparent efficacy of a bismuth preparation could be produced by increas- 
ing the concentration of tissue extractives 

Two of SIX soluble bismuth preparations commercially arailable formed pre- 
cipitates on addition to serum or tissue extracts, their activitv m viho was 
correspondingly impaired The remaining four preparations were approximately 

to as active as “arsenoxide,” the bismuth and arsenic being compared on 
a molar basis in each instance The possibility must therefore be considered that 
bismuth compounds act neither as catalysts, inhibitors, nor precursor substances, 
but that the therapeutic action of bismuth in syphilis depends in part, and perhaps 
primarily, on its direct spirocheticidal action on Sp pallida 

In a later paper Eagle shows that the concentrations in which 
arsenoxide, arsphenamine, neoarsphenamine and bismuth destroy 
S pallida in vitro are comparable to the concentrations obtainable in 
the human body with the usual theiapeutic doses Arsenoxide is 
spirocheticidal in dilutions of 1 650,000 to 1 4,700,000 when mixed 
in vitro with edema fluid from a rabbit chancre and allowed to remain 

72 Levaditi, C , and Howard, A Activation des proprietes curatives du 
bismuth dans la syphilis sous I’lnfluence de tissus riches en glutathion, Compt 
lend Soc de biol 100 469 (Feb 22) 1929 

73 Kolle, W, and Evers, E Experimentelle Untersuchungen uber Syphilis 
und Rekurrensspirochaetose III Experimentelles uber Syphihsinfektion ohne 
Symptome, Deutsche med Wchnschr 52 557 (April 2) 1926 

74 Eagle, H On the Spirocheticidal Action of Bismuth Compounds on 
Pathogenic Spirocheta Pallida in Vitro, Bull Johns Hopkins Hosp 63 305 (Nov ) 
1938 

75 Eagle, H The Minimal Effective Concentration of Arsenic and Bismuth 
Compounds on T Pallidum in Vitro in Relation to the Therapeutic Dose, Am 
J Syph , Conor & Ven Dis 23 310 (May) 1939 
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at room temperature fiom one and one-quarter to two and one-half 
hours Arsphenamme, neoarsphenamme and silver arsphenamine 
are likewise effectively spirocheticidal m dilutions of 1 250,000 to 
1 1,250,000 Water-soluble bismuth pieparations are spirocheticidal 
in dilutions of 1 50,000 to 1 225,000 If 04 Gm of arsphenamine, 
0 05 Gm of arsenoxide or an amount of a bismuth compound containing 

0 04 Gm of bismuth metal is injected into a patient weighing 70 Kg , 
these doses should represent concentrations m the body fluids, if the 
diugs aie evenly distributed throughout, of 1 100,000, 1 800,000 and 

1 1,000,000, respectively This concenti ation obtainable foi the 
aisenicals is sufflcient to be directly spirocheticidal in vivo 

The agreement between the bismuth concentrations actually attained in the 
circulating blood and organs and the experimentally determined effective con- 
centrations in vitro is surprisingly good, and constitutes strong evidence for the 
thesis that the therepeutic effect of bismuth m syphilis rests on a direct spiro- 
cheticidal action similar to that observed in the test tube 

Carrying further his studies of the action of the aisenicals and heavy 
metals, Eagle presented papers before the American Society of 
Pharmacology and Expeiimental Therapeutics which have so far been 
published only in abstract, the detailed experiments to follow Here 
he shows that 

The antispirochetal action vi vitto of “arsenoxide” (m-amino-p-hydroxyphenyl- 
arsenoxide) and bismuth compounds was unaffected by the removal of molecular 
oxygen [from the spirochete-arsenical mixture] and is probably due to these com- 
pounds as such In marked contrast, neoarsphenamme, which is highly spiro- 
cheticidal when dissolved aerobically, was negligibly so when dissolved and 
tested under nitrogen in the absence of oxygen Its relatively marked antispiro- 
chetal action when tested aerobically (25 to 60 times that observed under nitrogen) 
IS apparently due to its oxidation by molecular oxygen to other directly spiro- 
cheticidal compounds This oxidation did not require the presence of tissue 
derivatives and proceeded so rapidly that solutions became actively spirocheticidal 
within 3 to 5 minutes 

Commercial arsphenamine and silver arsphenamine were intermediate between 
arsenoxide and neoarsphenamme, in that although % to % of their antispirochetal 
activity in intro was due to oxidation products, there was a small but significant 
residual activity m the absence of oxygen In the case of arsphenamine, a large 
part of this residual activity was accounted for by "arsenoxide” or by “arsenoxide”- 
like substances present as an impurity 

Sulfhydryl compounds (cysteine, glutathione, and thioglycollic acid) added in 
sufficient excess to arsphenamines, “arsenoxide,” bismuth, or mercury compounds, 
almost completely abolished their antispirochetal action in vitro The large excess 
which was necessary to cause complete inactivation of the arsenical suggests that 
the addition compound may be readily hydrolyzed Thiamin chloride and methio- 
nine, which contain a — S — rather than a — SH group, had no inhibitory effect 

76 Eagle, H The Effects of Molecular Oxygen and Sulfh}’^dr 3 d Compounds 
on the Antispirochetal Action of Arsenic, Bismuth and Mercury Compounds in 
Vitro, J Pharmacol & Exper Therap 66 10 (MajO 1939 
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These findings are of interest in relation to the thesis that the antispirochetal 
action of arsenic, bismuth, and mercury compounds may rest on their common 
affinity for sulfhydr}'! groups in the T palhduin 

Neoaj sphenaimnc — Probey and Harrison"' find that the instability 
of neoarsphenamine due to beat increases diiectly with the moisture 
content of the drug 

Solusalvaisan — This drug (3, 4-diacetyIamino-4-hydroxyaisenoben- 
zene-2-sodium glycocholate), well known m Germany, has been little 
used in this country It is said to have two ad\antages ovei other 
arsphenainines it does not become oxidized ^\hen exposed to air, and 
it may be administered by the intramuscular route Wendlberger and 
Hrad leport the results of treatment of 159 patients with this drag 
To 90 patients it was given twice weekl}’- by the intramusculai loute m 
a dose of 0 4 to 0 5 Gm Seventeen of the 90 patients so treated reacted 
with dermatitis, of whom 5 had erythema of the ninth day, 6 late 
erythema, either morbilliform or scarlatinifoim, and 6 severe exfoliative 
dermatitis Among 69 patients tieated intravenously, 3 had erythema 
of the ninth day, 5 late eiythema and 2 exfoliative dermatitis Aside 
from causing these cutaneous reactions the drug vas satisfactory in the 
treatment of piimar}% secondary, late and congenital s}philis There 
was reversal of the seiologic test m 33 per cent of the cases in vhich this 
drug was used m treatment 

Maplmisen — Astiachan and Wise"** used mapharsen in the treat- 
ment of 118 patients vho had latent syphilis and studied the clinical 
and serologic effect In many patients theie \\as disappeai ance of 
various symptoms The serologic i espouse was favorable in 65 of the 
101 patients investigated Fifteen patients whose seiologic reactions did 
not improve weie latei found to have neurosyphihs Twenty-eight of 
the 118 patients experienced some type of reaction to the tieatmeiit Of 
these, many had mild gastrointestinal distuibance, 7 suffeied from 
intense pruritus, 2 fiom virticana, 1 from puipuia, 1 from herpes zoster, 
7 from erythematous eiuptions and 1 from a fixed dermatitis In onl} 5 
of the 28 instances of leaction was it nccessaiy, howevei, to discontinue 
the use of the drug 

Phillips and Knoepp found neither impi ovement nor activation 
of tuberculous lesions in 34 syphilitic patients treated with maphaisen 

77 Probey, T F , and Harrison, W T The Effect of Artificial Temperatures 
on Stability of Neoarsphenamine, Pub Health Rep 54 228 (Feb 10) 1939 

78 Wendlberger, J, and Hrad, O Zur Vertaglichkeit und Wirksamkeit des 
Solu-Salvarsans bei Luetikern, Dermat A¥chnschr 108 125 (Feb 4) 1939 

79 Astrachan, G D , and Wise, F Further Experiences with Mapharsen 
Its Use in Latent Syphilis, Am J Sj’^ph, Conor & Yen Dis 22 470 (Jnly) 1938 

80 Phillips, J R, and Knoepp, L F Control of Sj'philis in Tubeiculosis, 
South M J 31 1295 (Dec) 1938 
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Acetaisone — Robinson and Robinson®^ anal}ze the lesults obtained 
in 32 adult syphilitic patients treated orall> with acetaisone Two 
patients had primal y syphilis, with positive serum reactions, 23 patients 
bad moist secondaiy lesions, and 7 had latent syphilis The dose was 
1 to 3 Gm daily One giam of acetaisone will not cause disappearance 
of S pallida from surface lesions, but 2 Gm causes the disappearance of 
the organisms m twenty-four hours The serologic tests for syphilis 
became negative m only 4 of the 25 cases of eaily syphilis The inci- 
dence of reactions from the drug was so high as to preclude its further 
use Of the 32 patients, 4 reacted with dermatitis, 4 with diairhea, 3 
with an increase in the icterus index and 1 with a severe gastrointestinal 
disturbance Of the entire group 37 5 per cent had serious reactions 

The use of acetarsone in congenital syphilis will be discussed later 

Btsmufh — (a) Oral Administration There is still little satisfactoiy 
experimental or clinical evidence to support the view that orally admin- 
istered preparations of bismuth are effective in the treatment of syphilis 
In a sene'? of papers Hanzhk and associates ®- have continued their study 
of sobismmol This drug may be given either orally oi by intramuscular 
injection Administered by either route, it is lapidly absorbed and 
relatively slowly excreted, producing the desirable combination for 
efficient antisyphihtic treatment of lapid penetration and sustained 
circulation of bismuth Quantities by mouth far m excess of the average 
therapeutic dose are tolerated by experimental animals, necropsy showing 
tissue changes to be negligible or absent The animals, however, show 
anorexia and loss of weight The diug causes no appreciable changes 
in the bones of young white rats 

Shaw, Kemp and Fitzgerald ®® treated 15 syphilitic rabbits orally 
with sobismmol, 12 of which survived the experiment Treatment was 

81 Robinson, H M, and Robinson, H M, Jr Acid Acetarsone Orally in 
Treatment of Acquired Syphilis in Adults, Am J Syph , Conor & Ven Dis 23 
188 (March) 1939 

82 Hanzhk, P J , Lehman, A J , and Richardson, A P Sobismmol 
Toxicity, Tolerance and Irritation According to Different Channels of Adminis- 
tration, J Pharmacol & Exper Therap 62 372 (April) 1938 Hanzhk, P J , 
and Lehman, A J Continued Voluntary Drinking of Sobismmol Ceneral 
Effects, ibid 62 389 (April) 1938 Hanzhk, P J , Lehman, A J , and Richard- 
son, A P Excretion of Bismuth After Intramuscular Injection of Sobismmol, 
ibid 62 404 (April) 1938, Intramuscular Injection of Sobismmol Absorption 
and Distribution of Bismuth, ibid 62 413 (April) 1938 Lehman, A J , and Dock, 
W Effects of Drinking Scbisminol on Skeletal Changes m Crowing White 
Rats, ibid 63 88 (May) 1938 

83 Shaw, C , Kemp, J E , and Fitzgerald, E M Sobismmol (Sodium Bis- 
muthate Soluble) in the Treatment of Experimental Rabbit Syphilis, Am J Syph , 
Conor & Ven Dis 23 210 (March) 1939 
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given three times a week for five weeks, the weekly dose being that 
prescribed by Hanzhk, 219 9 mg pei kilogiam measured m metallic 
bismuth Fiom one hundred and nineteen to two hundred and thirty- 
seven days after the conclusion of treatment the popliteal lymph nodes 
of 6 of the 12 suiviving labbits, on transfer, tiansmitted the infection 
to other rabbits The authors conclude that sobismmol in the doses used 
IS not satisfactory for the treatment of late syphilis m rabbits 

Because of the conflicting repoits regarding the value of orally 
administei ed bismuth compounds, Stratton attempted expei imentally 
to determine the amount of bismuth absorbed by measuring the urinaiy 
excretion of the element in rabbits Four bismuth piepaiations were 
used, bismutrate (bismuth chloride treated with liver extiact), sobis- 
minol, potassium bismuth tartiate and bisiodide The amount of bis- 
muth excieted in the urine of labbits following the administration of 
a single dose of a bismuth compound by mouth, whether containing 
20 mg 01 200 mg of bismuth metal pei kilogiam of body weight, 
was satisfactor}'’ foi bismutrate and sobismmol, less so for potassium 
bismuth taitrate and not at all foi bisiodide When fourteen daily 
doses of a compound containing 20 mg of bismuth metal per kilogram 
were given, howe\ er, thei e was no proportionate increase m the amount 
of bismuth excreted, and the daily average amount excreted was far 
below the level estimated to be necessary for definite antisyphihtic 
value 

{b) Concentration in Tissues Sollmann, Cole and Henderson®® 
have quantitatively determined at autopsy the content and concen- 
tration of bismuth in the visceia of patients who had been clinically 
treated with pieparations of this metal The concentration of bismuth 
in viscera is dependent on the total amount of bismuth administered If 
one viscus was high m bismuth, all other viscera were proportionately 
high Sollmann and Henderson ®° then quantitatively determined the 
concentration and the total content of bismuth in the visceia of dogs 
treated with a single dose of one oi another of twelve different bismuth 
compounds 

84 Stratton, E K The Absorption and Elimination of Bismuth Following Its 
Oral Administration to Rabbits, Am J Syph , Conor & Ven Dis 22 728 (Nov) 
1938 

85 Sollmann, T , Cole, H N , and Henderson, K Clinical Excretion of Bis- 
muth, VII The Autopsy Distribution of Bismuth in Patients After Clinical Bis- 
muth Treatments, Am J Syph, Conor & Ven Dis 22 555 (Sept) 1938 

86 Sollmann, T , and Henderson, K Bismuth Studies VII Bismuth 
Distribution in Dogs Following Intramuscular Injection of a Single Dose of 
Various Bismuth Preparations, Am J Sj^h t Conor & Ven Dis 22 738 (Nov ) 
1938 
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Cole, Sollmann and Henderson®^ give a summary of their expeii- 
ments as an aid in the choice of a bismuth preparation They list the 
commonly used bismuth compounds and recommend the intervals of 
time at which they should be given in Older to maintain a spirocheti- 
cidal level of the drug in the blood Any preparation which furnishes 
a daily urinary excietion of from 2 to 4 mg of bismuth is thought to 
be a valuable anti syphilitic agent They say 

In choosing the bismuth preparation the physician should consider 

what is indicated in the particular patient 

Fo} rapid btsinuih effect 

Sodium bismuth tartrate in water Injections intramuscularly 

three times a week 

Sobtsmmol / _ , , 

lodobismitol ( InJ'rt'oni- "-“Wy 

If the patient can be persuaded to return twice a week for injections, probably 
the most efficient preparations in terms of high bismuth excretion are sobisminol 
and lodobismitol 

Foi a somewhat slower but efficient bismuth effect 
Bihposol J Injections every five days to 
Bismocymol f once a week 

Foi an effect slow tn building up, but eventually sustained 

Injections of oil suspensions of 

Sodium potassium bismuth tartrate I _ 

Bismuth subsalicylate f ^nce weekly 

(c) Toxicity, Absorption and Excretion of Bismuth Kolmer, 
Brown and Rule have made a comparative study in lower animals 
of the toxicity, absoiption, excretion and therapeutic effectiveness of 
thirteen legulaily used bismuth compounds Water-soluble bismuth 
compounds were more toxic than oil-soluble, and both were more toxic 
than water-soluble and water-insoluble compounds suspended m oil 
In general the water-soluble and the oil-soluble compounds produce 
nephritis more fiequently than the insoluble compounds The excretion 
in urine was generally dependent on the rate of absorption and the 
concentiation of the drug in the blood The watei -soluble compounds 
were excreted more rapidly The spirocheticidal activity of the com- 
pounds was dependent on the amount of elemental bismuth present in 

87 Cole, H N , Sollmann, T , and Henderson, K The Choice of a Bis- 
muth Preparation Clinical Resume of Excretion and Retention Studies, Am J 
Sj-^ph , Conor & Ven Dis 23 143 (March) 1939 

88 Kolmer, J A , Brown, H, and Rule, A M Studies in the Bismuth 
Therapy of Syphilis I A Comparative Study of the Toxicity and Therapeutic 
Activity of Bismuth Compounds Commonly Employed in the Treatment of Syph- 
ilis, Am J Syph , Conor & Ven Dis 23 7 (Jan) 1939 
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the compound, the chemical stiuctuie and the rates of absorption and 
excretion, and these in turn were dependent on the solubility in the 
menstruum employed and the solubility in the tissues The bismuth 
compounds suspended in oil had by far the highest therapeutic indexes, 
ranging from 100 to 166 The authors feel that there is an optimum 
concentration of bismuth in the blood and that this is best obtained 
by the use of a bismuth compound which is not so rapidly absorbed 
and excreted as are the water-soluble compounds but which has a 
1 datively high peicentage of elemental bismuth and is absorbed and 
excreted slowly, as are the oil-suspended preparations 

(rf) Treatment with Bismuth Compounds in Combination Soll- 
mann. Cole and Henderson calculated the amount of bismuth excreted 
in the urine of patients when they were given (1) bismuth subsali- 
cylate in oil alone, (2) bismuth subsalicylate m oil plus lodobismitol 
and (3) bismuth subsahc 3 date plus sobisminol The daily urinaiy excre- 
tion of bismuth after weekly injections of bismuth in oil did not reach 
1 mg before the third week and 2 mg before the sixth week How ever 

A graded sequence of injections of soluble bismuth preparations (lodobismitol 
and sobisminol) with continued weekly injections of bismuth salic\Iate produces 
a high initial concentration of bismuth as reflected in the urinarj’’ e\cretion, which 
reaches at the end of two w'eeks a level of from 4 to 12 mg of bismuth a day, 
according to the drugs used This concentration then falls so as to join the 
slowly ascending curve characteristic of salicjdate injections about the end of 
from five to seven wrecks, so that the median level does not fall below 2 mg of 
bismuth The sequence thercfoie secures the benefit of the intenswe 

action of the water-soluble bismuth preparations m the carlj part of the course 
and the advantages of tlie comeiiience of salicjlate injections m tlie latter pdft 
of the course 

The plan is lecommended foi use in the treatment of early syphilis, 
and when arsenic is badly toleiated 

Othei Drugi — Pavanati was unable to demonstrate any spiio- 
cheticidal action of foui rhodium salts (rhodium chloride, sodium 
rhodium chloride, potassium rhodium chloride, lithium rhodium chlo- 
ride) in vitro Howevei, he treated syphilitic labbits wuth these diugs, 
which were well toleiated whethei injected by the intravenous or b}’’ 
the intramuscular route Aftei one dose of 50 mg per kilogram the 
spirochetes disappeared fiom rabbit syphilomas in tw^elve to tw’-enty- 
four hours, the lesions healed lapidly, and theie were no relapses 
Seven patients with eaily syphilis weie then treated with rhodium 
chloride, 0 5 Gm pei dose Spiiochetes disappeared from the chancres 

89 Sollmann, T , Cole, H N , and Henderson, K Combination Courses of 
Bismuth Administration, JAMA 111 2175 (Dec t»10) 1938 

90 Pavanati, E Sail di rodio e sifilide (ricerche in vitro, sull’ animale e 
suir uomo), Gior ital di dermat e sif 79 837 (Aug ) 1938 
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in two to three days, there were no toxic s)'’mptoms Theie is no 
lecoid of a follow-up 

Kumasawa found an alkaline solution of lead carbonate to be 
spirocheticidal but very toxic in rabbits He then treated 6 syphilitic 
rabbits with lead acetate, 1 mg per kilogram, injected intravenousl} , 
thrice weekly Three animals died, the other three weie “cuied” aftei 
fifteen to twenty-one injections over a period of five to seven weeks 
The drug was used subcutaneously m the same dosage with no deaths 
and with the same clinical results Conti ol animals treated at the same 
time with bismuth compounds weie “cured” in a shorter peiiod of time 

UNTOWARD EFFECTS OF TREATMENT 

Eiythema of the Ninth Day — Canizaies and Thomas review the 
literature and report 11 cases of erythema of the ninth day They feel 
that this reaction is a clinical entity, clearly distinct fiom the later 
appealing edematous exfoliative dermatitis It may be a response of the 
autonomic nervous system to arsenic It does not seem to be influenced 
by the dose admmisteied, the type of tiivalent aisemcal, the mode of 
injection or the spacing of treatments Blood counts and hepatic 
function tests gave no definite information Passive transfer did not 
demonstrate the presence of antibodies With proper precautionary 
measures, subsequent aisemcal treatment is usually well tolerated 

Agianulocytosis After Tieatment with Neoaisphenarntne ■ — Gold- 
berg repoi ts a single case confirming the suggestion of Falconei , 
Epstein and Wevei (mentioned m the 1937 review that patients m 
whom blood dyscrasias develop aftei tieatment with an arsphenamme 
may neveitheless toleiate mapharsen 

Montanaro and Lancellotti,®® working togethei , have studied in 
rabbits and guinea pigs (the former from the pathologic, the lattei 
from the hematologic, standpoint) the injuiy to the blood and blood- 
forming oigans produced by the arsphenammes While slight evidences 

91 Kumasawa, M Expenmentelle Untersuchungen uber die antiluetische 
Wirkung von Bleisalzen, Fukuoka acta med (Abstr Sect ) 31 177 (Dec ) 1938 

92 Canizares, O , and Thomas, E W Early Acute Arsenical Erythemas A 
Study of Eleven Cases of the “Erythema of the Ninth Day” of Mihan, Arch 
Dermat & Syph 39 867 (May) 1939 

93 Goldberg, M Mapharsen as a Substitute for Neoarsphenamine in Agran- 
ulocytic Angina Following Neoarsphenamine Therapy in a Pregnant Syphilitic 
Woman, Am J Syph , Conor & Ven Dis 23 79 (Jan ) 1939 

94 Montanaro, E Contributo sperimentale alia conoscenza delle lesioni da 
arsenobenzolo degh organi ematopoietici, Policlinico (sez med ) 45 553 (No\ ) 
1938 

95 Lancellotti, M Contribute sperimentale alia conoscenza delle lesiom 
Sanguigne da arsenobenzolo, Policlinico (sez med) 45 573 (Nov) 1938 
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of damage weie found, the authors weie unable to pioduce a genuine 
blood dyscrasia 

Gasti ointeshnal Reactions — Irgang discusses at some length gas- 
trointestinal reactions following the mtiavenous injection of trivalent 
aisenicals He believes that these reactions, the nitntoid crises, arsphen- 
amine shock, dermatitis, thiombopenia, puipuia and hepatitis are related 
to an allergic state 

Hcnioiihagic Encephalitis — Paley and Pleshette leport anothei 
case of hemorrhagic encephalitis following injections of neoarsphen- 
amme in a piegnant woman In the hteiature they find reports of 158 
cases of hemorihagic encephalitis The patients more commonly were 
males, but of the females who presented this condition, 70 per cent 
weie pregnant In most instances the complication occurred after the 
first two or thiee injections of the arsenical and after a dose of 045 
Gm 01 more 

Relation of Vitamin C to Aiscmcal Reactions — There is increasing 
interest in the lole played by vitamin C m aisenical dermatitis Prac- 
tically all of the hteiature of the past two years deals iMth clinical 
impressions The few papers descnbmg animal experimentation are 
confusing, one authoi believing the lack of vitamin C to be responsible 
foi toxic reactions in animals, and anothei that excess of vitamin C 
renders the animal moie likely to have leactions Foi example, Cohen 
feels that befoie expeiimenlal work on the relation of vitamin C to 
toxic leactions in animals can be legarded as valid, ceitam basic con- 
ditions must be adhered to, namely 

1 The diet must be adequate in all respects except for Mtaniin C 

2 The animal must have sufficient food to avoid starvation 

3 The ration of vitamin C must be planned upon a sliding scale according 
to the tooth-protective ration 

After fulfilling these conditions, Cohen could find no relationship 
between the vitamin C content of the diet and sensiti\ity of the skin to 
neoarsphenamine 

Karolyi,°° however, feels diflerently about the lole played by vita- 
min C m relation to the toxicity of aisphenamme He gave to one 

96 Irgang, S Gastric Intolerance Accompanjing Arsphenamine Therapj" 

A Discussion of Its Etiology, Prevention, and Treatment vith Case Reports, 
Am J Syph , Conor & Ven Dis 23 241 (March) 1939 

97 Paley, S S, and Pleshette, N Hemorihagic Encephalitis in Pregnancy 
Following Antisyphilitic Therapy with Neoarsphenamine, Am J Syph , Conor 
h Ven Dis 23 69 (Jan ) 1939 

98 Cohen, M B Vitamin C Deficiency Sensitnit}' to Neoarsphenamine 
and Anaphylactic Shock, J Allergy 10 IS (Nov ) 1938 

99 Karolyi, I The Effects of Ascorbic Acid and Glycocoll on Chronic 
Arsenobenzol Poisoning, Orvosi hetil 82 829 (Aug ) 1938 
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series of white lats 25 mg of ascorbic acid and 75 mg of aminoacetic 
acid dail} for ten days, after which he gave ai sphenamine in increasing 
doses, 7 to 40 mg , twice weekly, at the same time continuing to 
administei ascorbic acid and aminoacetic acid on the day of treatment 
A control senes was given arsphenaniine alone in the same dosage 
The animals receiving ascorbic acid lived longer than those receiving 
arsphenamine alone 

Solvents foj the Ai sphenamines — In an effort to deciease the inci- 
dence of toxic reactions from the arsphenamines, there have been man) 
proposals that a solution of some supposedly detoxifying substance, e g , 
dexti ose, sodium thiosulphate, aminoacetic acid, various proprietary sub- 
stances derived from liver (the latter especially in Germany) or one or 
another vitamin, be used as a solvent for the arsenical drug A pioto- 
type of these studies is described in a paper by Sliaw,^”” who used sodium 
dehydrocholate as a solvent for neoarsphenamine in the effort to pi event 
gastrointestinal and hepatic reactions Twelve patients who habitual!) 
suffeied from nausea and vomiting after receiving neoarsphenamine 
toleiated the drug well when it was dissolved in a 5 per cent solution 
of sodium dehydi ocholate 

It IS unfortunate that, with few if any exceptions, such clinical effoits 
are unsupported by experimental studies to show that the toxicity of 
arsphenamine is decreased by the use of the special solvent and, equally 
important, that if toxicity is decreased, it is not accompanied by a 
paiallel deciease in therapeutic efficiency Obviously, theie is no 
advantage in the elimination of reactions, especially minor ones, if at the 
same time the spirocheticidal drug is lendered wholly or partially inert 

DesensiUzatwn with Ai sphenamine — The consensus is that patients 
in whom cutaneous sensitivity to the arsphenamines develops cannot be 
desensitized Desensitization has often been attempted by the repeated 
injection of small intravenous or subcutaneous doses Jacobson and 
BiilP''^ desciibe a new method of desensitization the mtiacutaneous 
injection every other day of 0 15 cc of varying dilutions of arsphen- 
amine Foi the first three injections the dilution is 1 1,000,000, for 
the next two, 1 10,000, for the next two, 1 1,000, and for the eighth 
and last, 1 100 If there is a maiked local or general reaction in the 
couise of these injections, the dose is lowered, or the interval between 
doses is increased, or both An aveiage of seventeen to twenty-two 

100 Shaw, C Sodium Dehydrocholate Solution as a Solvent for Necarsphen- 
amme in the Treatment of Syphilis, J Lab & Clin Med 24 624 (March) 1939 

101 Jacobson, A , and Brill, M The Intracutaneous Method of Desensitizing 
with the Arsphenamines, Vestnik lenerol i dermat 6 49, 1938 
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days IS required to desensitize a patient If theie is no reaction in the 
course of the eight intracutaneous injections, therapeutic doses of the 
drug may be given Desensitization was attempted with patients Two 
patients had exfoliative dermatitis, 3 scarlatiniform eruptions, 3 morbil- 
liform eruptions, 5 urticaria and 1 a fixed dermatitis Of the 14 patients, 
11 weie satisfactorily desensitized and could be given therapeutic doses 
of arsphenamine , 3 could not be desensitized at the first attempt, but 1 of 
these was desensitized after the described technic had been repeated 
several times One of the 2 patients who could not be desensitized was a 
patient with urticaria, and the other had a fixed dermatitis The two 
patients who had exfoliative dermatitis were satisfactorily desensitized 

Unfortunately, it is not certain that all the patients studied were 
oiiginally sensitized The American concept of sensitization dermatitis 
usually does not include scarlatiniform, morbilliform and urticarial 
eruptions 

ToAtaty of Tiypai sanude — ^An editorial commentator says 

Tr 3 'parsamide (the sodium salt of N-phcnyl-gl>cineamide p-arsomc acid) has 
been used in the treatment of neurosyphilis and trypanosomiasis since 1923 For 
a dozen or more years following its introduction, all workers tvere impressed b> 
the fact that it produced few or no reactions cvcept those invohing the optic 
nerves 

Constitutional reactions from the drug were for man}' years so rare that 
Moore, writing in 1933, said “The use of trjparsamide is singularly free from 
constitutional reactions of any sort Only two instances of post- 

tryparsamide jaundice have occurred in our clinic Dermatitis does not 

occur after this drug” Stokes, in 1935, mentioned 4 cases of post-trj'parsamide 
jaundice and 3 of dermatitis (all but one from the literature) , but he said “I 
have personally ne%er observed a single significant complication of trjparsamide 
therapy as such, other than those involving the optic tract 

Within the past few 3 ears, however, a distinct change in the reactivitj' of 
tryparsamide apparently has occurred Mild to moderatelj' seiere immediate or 
slightly delayed reactions, such as malaise, chilliness or actual chills, nausea and 
vomiting, and prostration, formerly completely absent, now seem to occur in a 
considerable number of cases The literature since 1933 contains at least 12 
direct references to post-trj^parsamide jaundice, dermatitis, or other constitutional 
reactions Traenkle and Dolce report two cases of fatal liver necrosis 

following tryparsamide , and Golz reports a case of severe exfoliative 


102 The Toxicitj" of Tryparsamide, editorial, Am J Syph , Conor & Ven 
Dis 23 389 (May) 1939 

103 Traenkle, H L , and Dolce, F A Acute Fatal Liver Necrosis Follmving 
Tryparsamide Administration A Report of Two Cases, Am J Syph , Conor 
& Ven Dis 23 228 (March) 1939 

104 Golz, H H Sensitivity to Arsenical Drugs Report of an Unusual 
Case Exhibiting Sensitivity to Both Trivalent and Pentavalent Arsenic, Am J 
Sj'ph , Conor & Ven Dis 23 344 (May) 1939 
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dermatitis in a patient previouslj' sensiti7ed to the arsphenamines In the Johns 
Hopkins Hospital dime, to 1936, had occurred 6 cases of post-tr 3 ^parsamide jaun- 
dice (Seffer), an incidence of 022 per cent of patients treated, as contrasted to 
a similar incidence of 0 98 per cent for arsphenamine and 0 63 per cent for neo- 
arsphenamine 

It IS noteworthy that practically all of these constitutional reactions, mild 
and serious, have appeared within the last five years of use of tryparsamide, 
which for tlie previous ten years had been nearly or completely free from them 
This is a curious and so far unexplained phenomenon of chemotherapy It has 
been observed with other antisyphilitic drugs than tryparsamide, and indeed with 
other compounds than antisyphilitic drugs Presumably it is due to some slight 
variation in the raw materials used m drug synthesis or m minor variations 
w'hich creep into the method of manufacture These in turn may result either in 
the presence of traces of impurities or in an end product which, while apparently 
chemically identical with the original nontoxic product, behaves pharmacologically 
in a slightly diffeient manner in the human body In the case of tryparsamide, 
the increased incidence of constitutional reactions has been a matter of serious 
concern 

Astrachan and Fianks report a typical intiitoid reaction following 
injections of tryparsamide 

Jaundice fiom Bismuth — Nomland, Skolnick and McLellan^°° have 
studied jaundice occurring during antisyphilitic therapy in 75 patients, 
in 32 of whom they believe the leaction to have been due to bismuth Of 
these 32 patients, 10 had leceived no arsenical, 22 had been gnen 
aisphenamine but not for twelve weeks or longer prior to the develop- 
ment of jaundice Other conditions which might have caused jaundice 
in these patients were consideied and ruled out as probably not responsi- 
ble The authors calculated that the probable incidence of bismuth- 
induced jaundice in their clinic over a period of five years was 1 in 
2,242 injections of bismuth compounds, whereas the incidence of ars- 
phenamine-induced jaundice 3\as 1 in 951 injections Most of these 
patients were subsequently given further bismuth treatment without 
recuiience of jaundice 

Lane analyzed the data on 100 patients in whom jaundice occurred 
during antisyphilitic tieatment Two patients of this group had 
received no antisyphilitic diugs other than pieparations of bismuth 
In 8 patients jaundice developed during bismuth therapy moie than 

105 Astrachan, G D , and Franks, A G Nitritoid Reaction Following an 
Injection of Tryparsamide, Arch Dermat & Syph 38 949 (Dec ) 1938 

106 Nomland, R , Skolnick, E A , and McLellan, L L Jaundice from Bis- 
muth Compounds Used in the Therapy of Syphilis Report of Thirt>-Two Cases, 

J A M A 111 19 (July 2) 1938 

107 Lane, C G Jaundice Occurring During the Treatment of Syphilis, 
Arch Dermat & Sj^ph 39'27S (Feb ) 1939 
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twelve weeks after the last dose of an arsenical Lane likewise feels 
that bismuth may be a cause of jaundice 

PATHOLOGIC OBSERVATIONS 

Bell estimates the f i equency with which pathologic evidence of 
syphilis was encounteied among 27,872 postmortem examinations in 
Minneapolis hospitals He points out that obvious anatomic evidence 
of syphilis IS less frequent than the positive seiologic test, but unfor- 
tunately he has made no attempt to coi relate clinical findings with 
observations made at necropsy His data do not, therefore, answer 
the important questions What is the probable mortality fiom syphilis 
if the patients aie untreated? If they aie treated, what are the effects 
of varying amounts and kinds of treatment? Syphilis was observed in 
2 77 per cent of the 27,872 necropsies and was shown to be the direct 
cause of death m 2 5 pei cent Among infants congenital syphilis, and 
among adults cardiovasculai syphilis and neurosyphihs, accounted for 
the large majorit}'- of deaths from syphilis Especially mteiestmg is 
the fact that in the fourth decade of life, m which the geneial death 
late IS low, syphilis accounted for 8 per cent of the deaths among men 

EARLY SYPHILIS 

Diagnosis — Clinicians have long been aware that simultaneous infec- 
tion with gonorrhea and syphilis might occur, the latter being either 
symptomless or represented by an intraurethral chancie masked by the 
gonorrheal discharge Friedman describes a simple method by which 
a purulent urethial discharge may be satisfactorily examined for S 
pallida The discharge is drawn up into a fine capillary tube about 
12 cm long One end is sealed b}^ flame, and the tube is then centrifuged 
at low speed, 1,000 revolutions per minute, for ten minutes, which 
lemoves cellular debris and leaves S pallida, if present, m the super- 
natant fluid The tube is broken just above the level of the cells and 
the clear fluid examined by dark field This method was applied in 
40 cases of acute gonorrheal urethiitis In 37 the lesults were negative, 
and subsequent physical examination and serologic tests did not indi- 
cate syphilitic infection In another case, no spirochetes were found in 
the urethral discharge, no primary syphilitic lesion could be found in 
the patient, and the first serologic tests for syphilis were negative, but 
fifty-two days later such tests were positive In the remaining 2 cases, S 

108 Bell, E T Frequency with Which Syphilitic Lesions Are Encountered 
in Postmortem Examinations, Arch Path 26 838 (Oct ) 1938 

109 Friedman, L A Method for the Darkfield Examination of Pus for 
Spirocheta Pallida, JAMA 112 134 (Jan 14) 1939 
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pallida was found in the urethral discharge with the technic described 
The method was also applied m a case of a penile lesion which bled 
freely S pallida was easily demonstrated after, though with consider- 
able difficulty befoie, centrifugation 

In an article which deserves ivide reading by clinicians and public 
health officers alike, Chambers and Scholtz reiterate the advantages 
of diagnosing syphilis in the primary stage and point out why the i esults 
from the use of the dark field microscope are an incomplete solution 
of the problem of early diagnosis The reasons are ( 1 ) The physician 
needs special equipment and training, (2) it is difficult to obtain a 
proper specimen, (3) the patient objects to going to a public diagnostic 
laboratory, and (4) theie aie small chances of success with old and 
locally treated lesions They believe that many of these difficulties may 
be obviated by routine biopsy of tissue removed from the edge of the 
suspected lesion, sectioned and stained by the method described by 
Krajian ® The practical advantages of this method are The staining 
procedure requires only five to ten minutes , no expensive equipment is 
required, trauma is minimized, the patient is not required to go to a 
laboratory (to which the biopsy specimen in 10 per cent foimaldehyde 
is f 01 warded), and the method is more accurate and practical for the 
rural physician than is the use of a capillary tube and indirect dark 
field examination 

Chambers and Scholtz studied 104 genital lesions suspected of being 
chancres, 86 were proved to be syphilitic Of these, the stain gave 
negative results in only 1, dark field examination in this case gave 
positive results In the other 85 cases m which S pallida was found in 
stained section, dark field examination was not done m 6, but in the 
remainder was positive m only 46 (58 per cent) The superiority of 
the staining method suggests its wider applicability, and it would be 
distinctly worth while for the laboratory of some state health depart- 
ment to determine its value relative to the already available capillary 
tube-dark field technic 

Involvement of Pelvic Nodes m Cervical Chancie — Hissard and 
Desmezerets describe chancre of the cervix with satellite pelvic 
adenopathy as observed in 2 patients De Gregorio and de Blasio,^^" 

110 Chambers,’ S O, and Scholtz, J R Clinical Application of Stain for 
Spirochetes (Krajian), Arch Dermat & Syph 38.217 (Aug) 1938 

111 Hissard and Desmezerets, C V Chancres du col de I’uterus et adeno- 
pathie pelvienne, Bull Soc fran? de dermat et syph 45:1731 (Nov) 1938 

112 de Gregorio, E, and de Blasio, R Sull adenopatia pelvica satellite iiella 
siflosclerosi imziale del collo dell utero, Rinasc med 15 ’619 (Sept 30) 1938 
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Simon and Delmas each repoit a similai condition and describe 
the method of palpation The involved lymph node is located in the 
bioad ligament If the fingeis are placed high in the lateral fornix 
of the vagina with the plantai surfaces facing lateially and aie slowly 
and gently brought antei loi ly, the node may be felt 

Osteitis m Patients with Eaily Syphilis — Osteitis and periostitis aie 
rarely reported observed in patients with eaily syphilis This is prob- 
ably not because of the raiity of these conditions but mainly because 
patients with early syphilis who complain of headaches and pain in 
bones are not examined roentgenologically Newman and Saunders 
describe osteolytic changes in the skull and both tibias of a patient with 
secondaiy syphilis Squires and Weinei report, in a patient with 
secondary S3^phihs, seveial palpable small swellings of the skull, which 
on loentgen examination revealed circumscribed areas of deci eased 
density The reviewers can testify that destructive osteitis of the skull 
IS not uncominonl}'' found in patients with secondary syphilis if searched 
for 

Massive Doses of Aisenicals in the Theiapy of Eaily Syphilis — It 
has long been pointed out that the standard methods of treatment of 
syphilis are unsatisfactory in that the)^ are too unceitain in results, too 
painful and disagi eeable, too dangeious, too time consuming and too 
expensive These defects have led to an intensive search by many 
experimental chemotherapists for new and impioved methods of piepar- 
ing arsenic and the heavy metals, or for entirely new products uni elated 
to those noAV m use, but so far, though many new diugs have been 
produced which in one respect or another possess moderate advantages 
over earlier products, the search foi a chemical which would fulfil 
Ehrlich’s original idea of an immediate sterilizing cure of the disease 
has not been successful On the whole, while chemotherapeutic research 
has lessened some of the disagreeable features of treatment and has 
minimized both its dangei and its expense, it has neither impioved 
greatly on the results obtainable with Ehrlich’s oiiginal arsphenamine 
(“salvarsan”) combined with ineicury nor mateiially shortened the time 
essential for successful tieatment Nevertheless, this type of reseaich 
IS continuing and properly should continue 

113 Simon, C Trois cases de chancres syphihtiques du col de I’uterus accom- 

pagnes d’adenopathie pelvienne satellite nettement perceptible au toucher vaginal. 
Bull Soc franq de dermat et syph 45 604 (April) 1938 ' 

114 Delmas, M Chancre syphilitique du col uterin avec ganglion satellite 
pelvien accessible par voie vaginale, Bull Soc frang de dermat et syph 46 713, 
1939 

115 Newman, B A , and Saunders, H C Skeletal System Manifestations 
During Secondary Syphilis, New York State J Med 38 788 (May 15) 1938 

116 Squires, J B , and Weiner, H L Osteitis in Early Syphilis Report of 
a Case, Arch Dermat & Syph 39 830 (May) 1939 
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Chargin, Leifer and Hyman suggested m 1935 that early syphilis 
may be “cured” by a method of treatment which, though utilizing 
already available arsenical drugs (neoarsphenamme or maphaisen 
requires only five days for completion instead of the twelve to eighteen 
months necessaiy with the standard systems of treatment The method 
involves the administration of large doses of the drug (with neoars- 
phenamme from five to six times, and with mapharsen fiom ten to 
fifteen times, the usual maximum therapeutic dose) given slowly by 
the continuous intravenous drip method over a five day period It 
depends theoretically on the piobable interrelationship between the 
concenti ation of the drug in the blood and tissue fluids and the spiro- 
cheticidal effect When an arsenical drug is administered intravenously 
by the conventional divided dose technic its concentration in the blood 
rises momentarily to a very high level but piomptly falls to much lowei 
levels as the drug is removed from the circulation by the liver With 
this standard method, a high concentration of the drug m the blood 
IS probably not maintained for longer than an hour or two , thereaftei 
the amount of therapeutically active drug m the body fluids is almost 
infinitesimal To Chargin and his collaboi ators it seemed likely that 
a prolonged model ate concentration of the drug in the body might be 
more effective than a high concentration followed by a very much lowei 
level, repeated at brief intervals 

This has been shown to be true of the administration of sulfanilamide 
and its derivatives for bacterial infections There is a known critical 
concentration of sulfanilamide which must be maintained in the blood 
and tissues over a given period If this concenti ation is too low, the 
bactericidal effect will not occur, if it is too biiefly maintained, all the 
organisms will not have been destroyed, and i elapse will follow 

In 1939 Hyman, Chargin and Leifei repoit further that, of the 
25 patients originally tieated by this method, 15 weie available for a 
five year follow-up The cerebrospinal fluid of 13 patients was examined 
and found normal The serologic tests of 11 patients remained nega- 
tive after forty-two months One patient certainly and another piobably 
had been reinfected 


117 Chargin, L , Leifer, W , and Hyman, H T Studies of Velocity and the 
Response of Intravenous Injections V The Application of the Intravenous Drip 
Method to Chemotherapy as Illustrated by Massive Doses of Arsphenamine in 
the Treatment of Early Syphilis, JAMA 104 878 (March 16) 1935 

118 The information as to mapharsen was obtained by personal communica- 
tion with the authors 

119 Hyman, H T , Chargin, L, and Leifer, W Massive Dose Arseno- 
therapy of Syphilis by the Intravenous Drip Method Five Year Observation 
Am J M Sc 197 480 (April) 1939 
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Tzanck and collaborators have published a number of papers on 
the massive dose method of treatment foi syphilis (15 Gm of neoars- 
phenamine per day for three consecutive days, each dose being admini- 
stered slowly, drop by drop, over a three to five hour penod) Their 
work was not as well controlled as that of the group aforementioned 
However, as nearly as can be determined from these very repetitive 
papers, about 170 patients (with early and with late syphilis) have been 
treated by this technic with satisfactory immediate results as to disap- 
pearance of surface spirochetes, healing of lesions and prompt sero- 
logic reversal The follow-up, as stated, was wholly inadequate There 
have been at least 2 deaths directly attributable to the treatment 

The results of Hyman and collaborators, and even those of Tzanck 
and his associates, suggest that what is tine of sulfanilamide and bac- 
teiial infection may also be tiue of arsenic and syphilis It is important 
to point out, however, that much further study is essential before the 
new method may be applied generally 

There are as yet inadequate data as to the toxicity of large doses of 
arsenical drugs given by this method In human beings given neoars- 
phenamine in the arbitranl}'- selected dose of 4 to 5 Gm there was a 
high incidence of reactions, especially polyneuritis (35 per cent) It 
IS desirable to redefine exactly in experimental animals the minimum 
lethal and the maximum tolerated dose with the new technic 

It IS further desirable to redefine with the new method the minimum 
curative dose in expeiimental rabbit syphilis With the usual single 
injection technic, the curative dose of aisphenamine is 10 to 12 mg 
per kilogram and that of neoarsphenamine is 15 to 25 mg per kilogram 
The minimum curative dose of mapharsen is not definitely known, but 
it IS certainly less than 6 mg per kilogiam, perhaps as little as 2 to 3 
mg per kilogiam 

The clinical studies already earned out suggest that with the con- 
tinuous intravenous drip method the minimum curative doses will be 

120 Tzanck, A Traitement arsenical massif de la s}'philis (par instillation 
goutte a goutte) Son interet prophylactique, Bull Acad de med , Pans 119 
257 (March) 1938 Tzanck, A , Duperrat, R, and Lewi, S Le traitement 
novarsenical massif par instillation intraveineuse goutte a goutte, Bull et mem 
Soc med d hop de Pans 51 268 (Feb 21) 1938, Arsenotherapie massive intra- 
veineuse par instillation goutte a goutte (technique), J de med de Pans 58 341 
(April 28) 1938 Tzanck, A , Pautrat, J, and Moline, R Arsenotherapie massive 
par instillation veineuse goutte a goutte, ibid 58 283 (April 7) 1938 Tzanck, A 
Syndrome secondaire mortel apres traitement arsenical massif, Bull Soc frang 
de dermat et syph 45 487 (April) 1938, Le traitement massif arsenical de la 
syphilis, Bruxelles-med 18 1642 (Oct 30) 1938 Loeper, M, Tzanck, A, and 
Brouet-Sainton, J Un cas de mort par surrenalite hemorrhagique, apres injec- 
tions massives de norvai senobenzol. Bull et mem Soc med d hop de Pans 54 
767 (May 16) 1938 
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found to be much smaller From the standpoint of toxicity, moi cover, 
It IS impoilant to determine experimentally not only that animals will 
suivive the injection of the minimum cuiative dose but also, by necropsy 
of animals so treated at varying intervals thereafter, that permanent 
damage to impoitant tissues is lacking 

Since the clinical studies suggest that a curative effect depends on 
model ate piolonged concentration of the spiiocheticidal substance m the 
blood, it is clear that this m turn depends on the intenelationship of 
dosage and time of administration Observations on syphilis m expeii- 
mental animals, while not directly transferable to syphilis m man, will 
neveitheless peimit a more exact definition of these lelationships Such 
obseivations may show that compaiable clinical results may be accom- 
plished 111 a still shoiter time than the apparently aibitraiily chosen fire 
days 01 with a smallei and therefore perhaps safei dose than any so far 
aibitiaiily selected 

The all important time-dose lelationship should be checked not only 
by studies m experimental animals but also by chemical studies of excre- 
tion (already in progiess) and of the concentiation of the cuiative diug 
m the blood and tissues of the patient 

Nothing is known as yet of the possible effects of this method of 
tieatment in vaiious foims of late syphilis It is geneially thought that 
one reason for the less satisfactory curative results (in the biologic 
sense) of tieatment m late as compaied with that m eaily syphilis lies 
in the fact that m the late stages of the disease the oiganisms tend to 
localize 111 tissues which the relatively poorly diffusible tiivalent arseni- 
cal diugs fail to reach in spirocheticidal concentration 

This consideration, togethei with the fact that m bacteiial infections 
sulfanilamide and its derivatives owe much of then success to their 
extremely lapid diffusibihty to all tissues of the body, suggests that the 
tiivalent arsphenamines, which aie semicolloids possessing relatively 
poor penetrability for tissues, piesumably because they combine with 
seium proteins to foim complexes which are either inactive or nondiffusi- 
ble 01 both, may be much less suitable for this method of treatment than 
the ai senoxides, which probably do not so combine and which are there- 
foie theoietically more readily diffusible Indeed, it is still fuither sug- 
gested that other di ugs much less effective than eithei the ai sphenamines 
or the arsenoxides when admimsteied by the conventional technic may 
prove to be superior by the new method because of the factor of greater 
diffusibihty 

As yet, therefore, not only aie the factors of dosage and proper 
duiation of tieatment unsettled, but it is not yet certain that the most 
suitable drug or group of drugs for this particular technic has 
been found 
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From the immediate piactical standpoint, finally, it must be empha- 
sized that the method is one which necessitates at least one week of full 
hospitalization, that its dangers have not yet been accurately defined and 
that the patients so far reported on have been followed for an interval 
too short to determine the permanency of results 

While the method is therefore still in the experimental stage and 
unsuitable for mass application, it may nevertheless piove to be of major 
importance both to the individual patient and to the public Further 
intensive study is amply justified 

TRANSFUSION SYPHILIS 

DeBake} and Honold reemphasize the fact that syphilis is often 
tiansmitted during transfusion of blood because of lack of precautions 
m the selection of a donor Frequently syphilis is so transmitted from 
a relatn'^e oi a friend An analysis of the i eported cases of transfusion 
sjfphihs shows that the infection was usually transmitted when the donor 
was in the early stage of the disease, occasionally when the result of his 
serologic test for syphilis was negative This view is upheld by 
McCluskie,^'" who reports 3 cases m which syphilis was transmitted in 
transfusion from donors who were clinically and serologically without 
evidence of such infection at the time of transfusion All 3 of these 
persons presented piimary lesions and positive serologic reactions shortly 
after seiwing as donors McCluskie suggests that the risk of transfusion 
syphilis could be minimized by the use of blood from cadavers or, better 
still, by some means of rapidly destroying spirochetes in the blood with- 
drawn from the donor 

Such a method of destroying spirochetes in the donor’s blood has 
lecently been proposed by Kast, Peterson and Kolmer,^-^ who, con- 
fiiming Eagle’s work as to the spirocheticidal activity of aisphenamme 
and neoarsphenamme in vitro, suggest the use of either drug in citiated 
blood to be used for tiansfusions They seeded citrated blood with 
virulent S pallida, added neoarsphenamme oi arsphenamme m a final 
dilution of 1 20,480 and allowed the mixtuie to remain at room tempeia- 
ture for fifteen minutes Such blood when injected into nonsyphilitic 
rabbits did not produce syphilis, though control animals inoculated with 
blood plus oiganisms but minus the arsphenamme become infected The 

121 DeBakey, M, and Honold, E Blood Transfusion Indications, Contra- 
indications and Complications, Internal M Digest 33 301 (Nov ) 1938 

122 McCluskie, JAW The Transmission of Syphilis by Blood Tians- 
fusion, Brit M J 1 264 (Feb 11) 1939 

123 Kast, C C , Peterson, C W , and Kolmer, J A The Treponemicidal 
Actnity of Arsphenamme and Neoarsphenamme in Vitro with Special Reference 
to Citrated Blood and Suggested Method for the Prevention of Transfusion 
Syphilis, Am J Syph , Conor & Ven Dis 23 150 (March) 1939 
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suggested dilution of neoarsphenamme or ai sphenainiiie is not toxic to 
the recipient 

LATE SYPHILIS 

Geneial Consideiatwns — Hasselmami discusses s}philis in Aiabs 
living between the Mediteiianean Sea and the Persian Gulf He believes 
that, because of racial, climatic and nutritional conditions, syphilis may 
manifest itself in different forms The diseases known by vaiious 
colloquial terms, such as “firjal” and “latta” m parts of Palestine, “loath” 
and “bejel” in the region of the Euphrates and the Tigiis River valleys 
(Iiaq and Syria), “laghout” m Lebanon, and “abou-laghif” and “jaifor” 
m Trans-Joidan, aie, he thinks, all syphilis Butler attempts 
unsuccessfully to show that syphilis, yaws and bejel are one and the 
same disease 

Syphilis of the Stomach — Carey and Ylvisaker suggest that a 
gastroscopic examination may aid in the diagnosis of syphilis of the 
stomach They review the brief literature on the subject and leport on 
a patient whom they obseived and whose stomach they examined by 
gastroscope The common feature is the small gastric lumen, particulaily 
at the antium The normal gastric folds are effaced, and the mucosa is 
atiophic The mucosal surface is granular, and superficial ulcerations 
may be present Little air can be introduced into the stomach In then 
patient the stomach after antisyphilitic treatment returned to its normal 
appearance 

Davicovic also i eports on a patient with syphilis whose stomach 
was examined by gastroscope There was observed diffuse thickening 
of the mucous membrane in the anterior pyloric region with numerous 
small ulcerations in this area 

Paroxysmal Hemoglohmwia — DilL^® reinvestigated latent parox- 
ysmal hemoglobinui la Donath-Landsteiner tests were done on 360 
syphilitic patients and 160 nonsyphilitic patients who were used as con- 
trols Latent paroxysmal hemoglobinuria as indicated by the Donath- 
Landsteiner test occurred only once in the 360 syphilitic patients and 

124 Hasselmann, C M Syphilis Among Arabs in the Near East Bejel and 
Loath in Iraq and Syria, Firjal and Latta m Palestine, Laghout in Lebanon, 
Abou-Laghif and Jaifor in Trans-Jordan, Arch Deimat & S>ph 38 837 (Dec) 

1938 

125 Butler, C S The Septic Syphilodermata, Am J Clin Path 9 1 (Jan ) 

1939 

126 Carey, J B, and Ylvisaker, R S Gastroscopic Obseivations of Sjphilis 
of the Stomach, Ann Int Med 12 544 (Oct) 1938 

127 Davicovic, S La syphilis gastrique, Presse med 47 275 (Feb 18) 1939 

128 Dill, L V Observation on the Incidence of Latent Paroxysmal Hemo- 
globinuria as Evidenced by the Donath-Landsteiner Phenomenon, Am J Syph , 
Conor & Veil Dis 23 220 (March) 1939 
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not at all in the control group The author states that, accoiding to the 
hteratuie, the incidence of latent paroxysmal hemoglobinui la has langed 
fi om 5 to 30 per cent In his own series the incidence was 0 025 pei 
cent The discrepancy, he feels, may be due to the moie intensive anti- 
syphilitic treatment now employed or to a difference in the clinical 
matenal studied 

Juxta-Attictdai Nodules — In a detailed discussion of iheumalic sub- 
cutaneous nodules and lesions simulating them, Keil points out that 
S3^phihtic juxta-articulai nodules aie uncommon and that man} of those 
which occur do so as a solitary manifestation of late syphilis Theie is 
a striking similaiity of these nodules to those of iheumatic fe\ei lliey 
are most commonly found at the elbow, knee and hip and less commonly 
at the ankle, shoulder and sacium They aie as a rule s} mmeliically 
placed, aie about the size of a walnut oi smallei, develop slowly and may 
be soft at fiist but with increasing age become haidei They lespond to 
antisyphihtic therap}, disappearing in a few weeks With oidinaiy 
staining methods there is no chaiactenstic pathologic change m the 
nodules diagnostic of syphilis The diagnosis of syphilitic juxta-aiticulai 
nodule rests on (1) the association with other manifestations of syphilis, 
(2) the almost invariable presence of a positive serologic test foi syphilis 
and (3) the striking response to antisyphihtic tieatment 

CARDIOVASCULAR S\ PHILIS 

Incidence — ^^Velty^®° has analyzed the incidence of caidiovascukii 
syphilis in 15,000 consecutive cases in which necrops} vas peifoimed 
between 1927 and 1937 Cai diovascular syphilis was obseived in 1,040 
cases (6 93 per cent) In 192 of these the condition vas aneui}sm, in 
216, aortic insufficiency, and in the lemaining 632, simple aoililis 
Seventy-foul pei cent of all patients were males Sixty-eight per cent 
of all patients were Negioes To demonstiate the deci easing incidence 
of cai diovascular syphilis over this ten yeai peiiod, Welty dnides liis 
matenal into five groups of 3,000 autopsies each Each gioup lepieseiils 
a period of eighteen to thirty months 

Thompson, Comeau and White studied 241 patients fiom the 
standpoint of the effect of adequate and of inadequate tieatment foi 
early syphilis on the subsequent development of cardiovasculai syphilis 
All patients in the group had had syphilis for fifteen to tventj'^-five 

129 Keil, H The Rheumatic Subcutaneous Nodules and Simulating Lesions, 
Medicine 17 261 (Sept ) 1938 

130 Welty, J W A Necropsy Survey of Cardiovascular Syphilis with Pai- 
ticular Reference to Its Decreasing Incidence, Am J M Sc 197 782 (June) 1939 

131 Thompson, W P , Comeau, W J , and White, P D The Role of the 
Treatment of Syphilis in the Prevention of Cardiovascular Involvement, Am 
Heart J 17 286 (March) 1939 
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years Eighteen patients (7 per cent) had definite cai diovasculai syph- 
ilis and 8 (3 per cent) piobable aortitis No cardiovascular abnormalities 
were discovered in 190 subjects, while 25 (10 per cent) had questionable 
dilatation of the aorta The patients were divided into three groups 
according to the amount of treatment received for early syphilis 172 
(71 per cent) had received less than twelve injection of an arsenical 
with equivalent heav}^ metal, 33 (14 per cent) had received thirteen 
to nineteen injections of an arsenical with equivalent heavy metal, and 
36 patients (15 per cent) had received more than twenty doses of an 
arsenical with equivalent heavy metal Of the 18 patients with definite 
cardiovascular syphilis, 17 fell into the first treatment group and 1 into 
the second The authors conclude that their study supports the clinical 
impression that adequate treatment of early syphilis tends to prevent later 
clinical mamfestations of cardiovascular syphilis Blair, in a general 

1927 to 1930 276 cases 

92 per 
1 per 

1930 to 1932 231 cases 

77 per 1000 
1 per 13 deaths 

1932 to 1934 191 cases 

i deaths 

1934 to 1935 174 cases 

58 per 

l per deaths 

1935 to 1937 168 cases 

56 per 
i per 

Fig 3 — Decreasing incidence of cardiovascular syphilis at the Philadelphia 
General Hospital (after Welty 

discussion of cardiovascular syphilis, remarks that almost none of such 
patients seen in his clinic has had adequate previous treatment and that 
a large percentage have had none 

Gumma of the Heait — Diffuse gummatous myocarditis is rare 
Von Haam and Ogden stated that only 7 cases had been leported 
between 1845 and 1935 They studied the protocols of 5,213 autopsies 
and found that gummatous lesions of the heart had been demonstrated 
only in 3 — in the first, isolated gummatous pericarditis, in the second, 
multiple gummatous myocarditis, and m the third, diffuse gummatous 
myocarditis and syphilitic endocarditis 

132 Blair, A Early Recognition of Cardiovascular Sj’-phihs, New York 
State J Med 38 1115 (Aug 15) 1938 

133 Von Haam, E, and Ogden, M A Syphilis of the Heart and Pericar- 
dium, Arch Path 26 525 (Aug ) 1938 
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Two cases of the relatively uncommon gumma of the interventiicular 
septum are reported, one by Cossio, Vivoh and Caul (remarkable for 
the previously unreported association of ventricular tachycardia) and the 
other by Coelho and d’Ohveira,^^® in which both ventricular tachycardia 
and ventricular fibrillation were observed 

Aoititis — Herzog believes the diagnosis of syphilitic aortitis may 
be facilitated by taking the blood pressure in both arms simultaneously 
Two blood piessure cuffs are connected with a manometer by means of 
a Y tube By using a symballophone, with one ear piece connected to the 
tubing leading to each arm, the exact time of the appeal ance of the beats 
can be determined The blood pressure of normal persons and of those 
with essential hypertension are said usually to be equal in both arms In 
syphilitic aortitis the pressures are often unequal 

Epstein desciibes a method by which the aorta can be more clearly 
visualized on the roentgen film The method is overpenetration, which 
enables one to outline regions more closely where structures are super- 
imposed 

Anewysm — Two very interesting statistical studies of aneurysm are 
pi esented by Mills and Horton and by Kampmeier Mills and 
Horton, Avorking at the Mayo Clinic, analyze the obsen^ations on 596 
patients with aneurysm obseived m the yeais 1925 to 1935, inclusive, 
especially those relating to location of the aneurysm and the etiologic 
role of syphilis The results are shown m the table Practically all 
except 6 of the patients were white peisons Syphilis is rarely, if ever, 
a cause of intracranial aneurysm, which is usually due to embolism, con- 
genital defect or arteriosclerosis Likewise it is rarely the responsible 
factor in aneurysm of the abdominal aorta or of vessels of the 
extremities Most physicians believe, however, that the presence of a 
thoracic aneurysm is tantamount to a diagnosis of syphilis It is of great 
interest therefore that Mills and Horton could obtain no histoiy of 

134 Cossio, P , Vivoh, D , and Caul, H Syphilis of the Interventricular 
Septum and Ventricular Tachycardia, Am J M Sc 194 369 (Sept ) 1937 

135 Coelho, E , and d’Ohveira, A Syphilis de la cloison intraventriculaire 
et tachycardie ventriculaire syphilis de I’artcre pulmonaire (pulmonarterite S3phi- 
htique). Arch d mal du coeur 32 17 (Jan) 1939 

136 'Herzog, F Simultaneous Bilateral Measurement of Blood Pressure for 
Diagnosis of S 3 'phihtic Aortitis, Orvosi hetil 82 747 (July 30) 1938 

137 Epstein, S H The Visualization of the Aorta by the Method of Roent- 
genographic Overpenetration, Am J Roentgenol 40 396 (Sept) 1938 

138 Mills, J H , and Horton, B T Clinical Aspects of Aneurysm, Arch 
Int Med 62 949 (Dec) 1938 

139 Kampmeier, R H Saccular Aneurysm of the Thoracic Aorta A 
Clinical Study of Six Hundred and Thirty-Three Cases, Ann Int Med 12 624 
(Nov) 1938 
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syphilis, nor any physical or laboratory evidence of the disease, fiom 
30 per cent of the 339 patients studied Only 35 necropsies weie pei- 
formed in the series with thoracic aneuiysm, and the authors provide 
no data as to postmortem evidence of syphilis The average duiation 
of life aftei the diagnosis of thoracic aneurysm was established was 
twenty and one-half months, but the authors did not relate this datum 
to the piesence or absence of antisyplnlitic tieatment 

Kampmeier’s paper deals exclusively with saccular aneuiysm of the 
thoiacic aoita Of 1,113 cases data on which were available foi analysis 
from the Chanty Hospital of New Oi leans and the Vandeibilt Univer- 
sity Hospital, 633 were acceptable for study The incidence of the 
chmcal diagnosis of thoiacic aneurysm m many large liospitals of the 
world is probably about 1 in 1,000 medical admissions, that of the post- 
mortem diagnosis is probably about 1 m 100 This suggests that dining 
life the condition is much more often missed than diagnosed In Kainp- 


LocaHon of Aneuiysm and Incidence of Syphths, 
Accoiding io Mills and Hoi ton 




Cases 

Percental 

Location of 

f 

A 

Incidence of 

Aneurysm 

Number 

Percentage 

S>philis 

Intracianial 

143 

24 

3 5 

Thoracic 

339 

56 9 

70 0 

Abdominal 

80 

13 4 

88 

Extremities 

21 

3 S 

9 S 

Miscellaneous 

13 

22 

7 7 

Total 

S96 

100 0 



meier’s pei sonal material the ratio of aneury^sins to admissions was about 
the same for the years 1906 to 1930, but in the period 1931 to 1935, 
inclusive, the frequency of aneurysm decreased by moie than half, 
suggesting that modern treatment is finally beginning to exert a pie- 
ventive effect 

Kampmeiei presents a moie complete analysis of his cases foi 
syphilis than do Mills and Horton In only 289 of the 467 cases in 
which tests for syphilis weie made weie the tests positive (62 pei cent) , 
but when to this figuie are added the cases in which there was a definite 
histoiy of previous syphilis or of tieatment for it, or other clinical, 
laboiatory or necropsy evidence of s}philis, the incidence of syphilis 
uses to 81 to 84 per cent While he does not definitely sa} so, Kamp- 
meiei evidently feels that the peicentage of cases in which syphilis was 
a cause of thoracic aneuiysm would have been even higher if the patients 
had been more caiefully studied 

Theie is a careful anal) sis of the mateiial by lace, sex, age, occupa- 
tion, anatomic classification, chief complaint simptoms, ph 3 sical signs, 
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roentgenologic evidence, cause of death, prognosis and differential 
diagnosis The cause of death was definitely known in 247 cases Death 
was due to rupture in 39 per cent, to respiratory obstruction in 18 per 
cent, to cardiac failure in 11 5 pei cent, to pneumonia in 9 pei cent and 
to scattering causes oi causes unknown in the remainder 

The duration of life from the onset of symptoms to death was known 
in 224 cases, and was known to be three years or longer in only 18 of 
these The average life expectancy Avas only six and four-tenths months 
Unfortunately, however, Kampmeiei does not i elate these data to the 
presence or absence of tieatment It will be recalled that Padget and 
Moore have shown that even with inadequate antisyphihtic treatment 
the duration of life in patients with aneurysm is prolonged to an average 
of thirty-tAvo months, and m a\ ell treated patients, to an average of fifty- 
five months, after the development of S}mptoms 

Shimkin collects from the literatuie 44 cases in which aortic 
aneurysm caused compression of the spinal cord, and adds 2 of his own 
Maurer brings to attention that complete absence of pulsation m 
the radial, brachial and carotid arteries is lare Five cases have been 
reported previously m which this Avas associated Avith aneurysm of the 
aortic arch, to these Maurer adds 2 cases m A\hich this association A\as 
noted at necrops} at the Cincinnati Geneial Hospital The presenting 
complaint in all cases Avas lefeiable to the ceiebrum, CAudently caused 
by cerebral anoxemia 

Armstrong, Coggin and Hendrickson assemble 98 reported cases 
of spontaneous ai terioA^enous aneui}sm of the thorax to Avhich they add 
2 cases Prior to 1925 syphilis AA'as mentioned as the cause of the con- 
dition in less than half of the repoited cases, though since 1925 syphilis 
has been thought to be the cause in 77 pei cent of the 26 cases described 
S3fmptoms and signs could be analyzed in 80 cases All patients had 
cyanosis, and 79 had SAvelhng about the upper part of the thorax The 
onset Avas sudden in 50 patients Dyspnea on exertion Avas shoAvn in 
35, and 9 had orthopnea Unconsciousness Avas reported in 11, severe 
pain m 15 and difficulty in SAvalloAAung m 6 A majority had signs of a 
tumor in the thorax Occasionally a supi asternal tin ill AA^as palpable 
Abnormal cardiac sounds Avere noted in 77 of the 80 patients , in 30 the 

140 Padget, P, and Moore, J E The Results of Treatment in CardiOAas- 
cular Syphilis, Am Heart J 10 1017 (Dec ) 1935 

141 Shimkin, M B Aneurysm of the Aorta Avith Compression of the Spinal 
Cord Tavo Case Reports and Review of the Literature, Ann Int Med 12 1709 
(April) 1939 

142 Maurer, E Absence of Pulse in the Vessels of the Upper Extremities 
and Neck in Aneurysm of the Aortic Arch, Am Heart J 17 716 (June) 1939 

143 Armstrong, E L , Coggin, C B , and Hendrickson, H S Spontaneous 
Arteriovenous Aneurysms of the Thorax A Re\iew of the Literature AVitli a 
Report of Tavo Cases, Arch Int Med 63 298 (Feb ) 1939 
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machineiy murmur of arteiiovenous aneuiysm was heaid, m 22 theie 
was a definite to and fro murmur Death occuiied m 54 of the 80 
patients m less than one month after the onset of symptoms Three died 
instantaneously Collateral circulation was established m only 3 of the 
81 patients 

Peiiick discusses A^anous operative methods for wiring aortic 
aneurysms 

Thy) otoxicosts and Syphthtic Heait Disease — Among 5,000 cases of 
heait disease, Mahei and Phce^^® found 12 cases m which syphilitic 
heart disease was coexistent with thyrotoxicosis Mahei and Wosika 
have studied these 12 cases to determine what effect one condition might 
have on the other In 9 of the 12 cases the thyiopathy was classified as 
toxic adenoma and in 3 as exophthalmic goitei Syphilitic infection 
antedated the development of goiter in every case Histologic examina- 
tion of the removed glands showed no evidence of syphilis Contrary 
to the authors’ expectation, their patients tolerated thyi oidectomy 
remarkably well No deaths followed opeiation, in spite of aortic 
insufficiency m 3 patients and aortic insufficiency and aneurysm m a 
fouith The additional burden of thyrotoxicosis m syphilitic heart dis- 
ease seemed to precipitate auricular fibrillation and congestive failuie 
Cure of the thyrotoxicosis relieved this burden on the heart and allowed 
It to retuin to normal rhythm and compensation Those patients who 
weie given antisyphihtic treatment before operation showed no cardiac 
improvement Auricular fibrillation and congestive failure were unin- 
fluenced On the contrary, those patients who weie opeiated on imme- 
diately showed marked impiovement and no mortality 

Ejfect of Wmm and Cold Weather — Bean and Mills’-^’’ find that 
coronary occlusion and congestive heait failure from aiteiiosclerotic and 
rheumatic heart disease are more common during the winter months, but 
that there is no such seasonal variation in congestive heart failure due to 
syphilitic aortic regurgitation They believe this disci epancy to be due 
to the rapid progression of cardiovasculai syphilis 

144 Penick, R M, Jr Technic for Wiring Aortic Aneurysms, South M J 
31 1096 (Oct) 1938 

145 Maher, C C, and Phce, S G Multiple Etiological Factors in Five 
Thousand Cases of Heart Disease in Chicago, Am Heart J 14 490 (Oct ) 1937 

146 Alaher, C C, and Wosika, P H The Combination of Thyrotoxicosis 
and Syphilitic Heart Disease, Uiol & Cutan Rev 43 34 (Jan) 1939 

147 Bean, W B , and Mills, C A Coronary Occlusion, Heart Failure and 
Environmental Temperatures, Am Heart J 16 701 (Dec ) 1938 Mills, C A , 
and Bean, W B The Timing of Luetic Heart Failure in Relation to Heart 
Load, Urol & Cutan Rev 43 32 (Jan ) 1939 
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NEUEOSYPHILIS 

Argyll Roheitson Pupil — Costello’-^® presents a leview of the liteia- 
ture on Adie’s syndrome He reports 2 cases and calls attention to the 
difficulty of differentiating the Argyll Robertson pupil of neurosyphilis 
from the tonic pupil of Adie’s syndrome 

AtiopJiy of the Optic Neive — There will shortly appeal jointly in 
the January 1940 numbers of the American Journal of Ophthalmology 
and the American Journal of Syphilis, Gonorrhea, and Venereal Diseases 
an exhaustive review of the pathogenesis and pathologic appeal ance of 
syphilitic primary atrophy of the optic nerve This leview will be 
followed (in the American Journal of Ophthalmology only) by a second 
review dealing with more general consideiations of primary atiophy of 
the optic nerve and its treatment These two reviews include the 
literature on the subject from 1932 to the present in much greater detail 
than IS permissible here Reference to lecent articles on atrophy of the 
optic nerve will therefore be omitted fiom this review 

Constitutional Factors in Neurosyphilis — Stegmann has studied 
from a psychiatric standpoint the family histones of 270 patients with 
dementia paralytica He reports a much highei incidence of psychoses 
in the relatives of these patients than in those of average normal persons 
and believes that the majority of such patients show some evidence of 
mental abnormality even before infection with syphilis 

The same point is covered for tabes dorsalis by Curtius, Schlotter and 
ScholzJ®^ who present monographically then conclusions as to this and 
other constitutional factors Their study of 101 patients with this con- 
dition IS of little value to the clinician Of the 262 pages of text, 160 aie 
devoted to a survey of constitutional and individual and familial pre- 
disposing factors and 38 to the effect of service on the development of 
tabes dorsalis Only 39 pages are given to clinical considerations, and 

148 Costello, M J A Syndrome Simulating Tabes Dorsalis, New York 
State J Med 39 781 (April IS) 1939 

149 Moore, J E , and Woods, A C The Pathology and Pathogenesis of 
Syphilitic Primary Optic Atrophy A Critical Review, Am J Ophth , January 
1940, to be published, Am J Syph , Conor & Ven Dis , January 1940, to be 
published 

150 Moore, J E, and Woods, A C Sj'phihtic Primai}^ Optic Atrophy 
General Considerations and the Results of Treatment by Standard Methods (Espe- 
cially Subdural Treatment and Induced Fever) , a Critical Review, Am J 
Ophth , 1940, to be published 

151 Stegmann, A Disposition und Belastung zur progiessiven Paralyse, 
Allg Ztschr f Psychiat 108 115, 1938 

152 Curtius, F , Schlotter, H , and Scholz, E Tabes dorsalis Klmische, 
erb- und konstitutionspathclogische sowie sozialmedizimsche Untersuchungen , 
unter Verwertung der Erfahrungen aus der Kiiegsbeschadigten-Versorgung, in 
klartineck Arbeit und Gesundheit Sozialmedizimsche Schriftenreihe aus dem 
Gebiete des Reichsarbeitsmmistenums, Leipzig, Georg Thieme, 1938, no 33 
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no space is allotted to treatment On the ^\hole, the monogiaph might 
more piofitably have been presented as a series of short papers in the 
periodical literatuie The conclusions of the authors, based on an 
elaboiate piesentation of individual case histones, tables and charts, are 
that the vanous factors of human constitution which they studied play 
no role in the pathogenesis of tabes dorsalis, except bodily habitus, which 
is fiequently of the asthenic type (though they fail to make it clear 
whether tabes develops in patients because they aie asthenic or the 
asthenic habitus develops because of tabes), and “neuropathic constitu- 
tion ” By the latter term they mean that the families of tabetic patients 
include a higher propoition of psychiatrically unstable persons than do 
those of normal people Many constitutional factors are considered in 
great detail, and though the results are largely negative, the work will be 
of value to students of this phase of medicine 

Bladder m Neurosyphibs — In previous reviews (1935 to 1938, 
inclusive) there has been included compaiatively little discussion of the 
newer methods of study of the bladder in neurosyphihs, the only 
references provided being to articles by LangAvorthy and his associates 
in the reviews of 1936 and 1937, to Rubritius and Muschet^^® in the 
review of 1937 and to Palmer and Gernon and Levin in that 
of 1938 

The subject is, however, of such increasing impoitance m the diag- 
nosis and management of neurosyphihs that a more complete bibli- 
ography covering the period of these reviews is fully justified and is 
herewith piovided^^® The technical urologic procedure of cystometry, 

153 Dees, J E , and Langworth}^ O R Experimental Study of Bladder Dis- 
turbances Analagous to Those of Tabes Dorsalis, J Urol 34 359 (Nov ) 1935 
Langworthy, O R , Lewis, L G , Dees, J E , and Hesser, F H Clinical 
Study of the Control of the Bladder by the Central Nervous System, Bull Johns 
Hopkins Hosp 58 89 (Feb ) 1936 Langworthy, O R , Dees, J E , and Lewis, 
L G Abnormalities of Micturition Due to Syphilis of the Nervous System, 
Am J Syph , Gonor & Ven Dis 20 364 (July) 1936 

154 Rubritius, H Die Miktionstorungen der Tabiker, Wien klin Wchnsclir 
50:311 (March 5) 1937 

155 Muschet, M Cystometric Studies The Value of Follow-Up Exami- 
nations, Am J M Sc 192*693 (Nov) 1936 

156 Palmer, E , and Gernon, J T The Use of Ergotamine Tartrate in the 
Treatment of the Tabetic Bladder, Illinois M J 72*77 (July) 1937 

157 Levin, P M Action of Acetsd-Beta- Methylcholine Chloride (Mecholyl) 
in Neurologic Disturbances of the Urinary Bladder, with a Note on the Mechan- 
ism of Spinal Shock, J Pharmacol & Exper Therap 62*449 (April) 1938 

158 Adson, A W Value of Sympathectomy in Treatment of Cord Bladder, 
Northwest Med 33*276 (Aug) 1934 von Noszkay, A Zur Frage der chir- 
urgischen Behandlung von Blasen mit verminderter Fasskraft (Kapazitat) 
(Prasakrale Sympathikusresektion, Harnleiterverlagerung), Ztschr f Urol 28* 
829, 1934 Watkins, K H Qinical Value of Bladder Pressure Estimation, 

(Footnote contmucd on next page) 
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introduced a decade or more ago, has been further studied by application 
not only to patients with various neurologic diseases but also to experi- 
mental animals in which various types of lesions of the spinal cord have 
been produced The Baltimore group of investigatois headed by Lang- 
worthy (a neurologist) and Lewis (a urologist) has been especially 
interested While much remains to be done, a number of points of 
practical interest appear An abnormal cystometi ogram may be the 
earliest sign of injuiy to the coid in neurosyphihs, obtainable before 
the development of any but very minoi urinary symptoms and before 
other objective evidence of neurologic damage can be demonstrated 

Bnt J Urol 6 104 (June) 1934 Creevy, C D Neurogenic D 3 sfunction of 
the Bladder, Alteiations in Physiolog}' of Micturition Due to Lesions of the Nervous 
System, Arch Neurol & Psychiat 34 777 (Oct ) 1935 Deakin, R Clinical 
Demonstration (in Case of Tabetic Bladder) and Effect of Mecholyl (Acetyl- 
Beta- Methyl-Choline-Chlonde) , Urol & Cutan Rev 39 110 (Feb) 1935 
Fulcher, O H Presacral (Superior Hypogastric Plexus) Neurectomy for Cer- 
tain Vesical Conditions (with Especial Reference to Cord Bladder), West Virginia 
M J 31 465 (Oct ) 1935 Gernon, J T , Ewert, E E , and Herrold, R D 
Use of Acetylbetamethylcholine Chloride in Treatment of Neurogenic Bladder and 
Allied Conditions Preliminary Report, M Rec 141 141 (Feb 6) 1935 
Goyanes, J , Jr Tratamiento quirurgico de la disfunction neurogenica vesical, 
de la enfermedad de Hirschsprung y de la dismenorrea por simpaticectomia 
lumbar y presacral (plexo de Hovelacque), Arch de med, cir y cspeciahd 38 
837 (Dec 30) 1935 Horn, K W Mecholin (Acetyl-Beta-Methylcholine- 
Hydrochloride) in the Treatment of Certain Types of Atonic Bladder, Univ 
Hosp Bull, Ann Arbor 1 3 (March) 1935 Lewis, L G , Langworthy, O R, 
and Dees, J E Bladder Abnormalities Due to Injurj in Motor Pathways in 
Nervous System, JAMA 105 2126 (Dec 28) 1935 McCaughan, J M , 
and Hershey, J H Diagnosis of Neurogenic Lesions by C 3 'stometrj Appraisal 
of Method Based on Experimentation with Animals, Arch Surg 30 956 (June) 

1935 Rose, D K Cystometry, Urol & Cutan Rev 39 107 (Feb ) 1935 

Cree\y, C D Treatment of Overflow of Neurogenic Vesical Dysfunction, 

J Urol 35 507 (May) 1936, Minnesota Med 19 269 (May) 1936 Forss- 

mann, W Harnvei haltung und Harnsperre, Med Klin 32 1262 (Sept 11) 

1936 Gernon, J T , Palmer, E , and McKenna, C M Recent De\ elopments m 
Treatment of Neurogenic D 3 ’^sfunction, Based on Cystometr 3 , J Urol 35 515 
(May) 1936 Grant, F C Surgery of Autonomic System of Urinar 3 ^ Tract 
(Section of Presacral Neive or Superior Hypogastiic Plexus), ibid 36 618 (June) 
1936 Langworthy, O R New Approach to Diagnosis and Treatment of Dis- 
orders of Micturition in Diseases of Nervous System, Internat Clin 3 98 (Sept ) 
1936 Lewis, L G , and Dees, J E Diagnosis and Treatment of Neurologic 
Bladder, S Clin North America 16 1257 (Oct ) 1936 Muschet, M Diagnosis 
of Neurogenic Bladder by Means of Cystometer, Pennsylvania M J 39 493 
(April) 1936 Rose, D K Present Status of Cystometry, JAMA 107 1534 
(Nov 7) 1936 Brodie, E L , and Phifer, I A Cystometric Observations in 
Asymptomatic Neurosyphihs Preliminary Report, J Urol 38 419 (Oct ) 1937 
Cheetham, J G Presacral Neurectomy (Resection of Superior H 3 ^pogastric 
Plexus) for Relief of Certain Types of Bladder Dysfunction, ibid 37 148 (Jan ) 


(Footnote coitUnucd on next page) 



MOORE~MOHR— SYPHILIS 


1107 


The interpietation of cystometiic abnormalities when neurosyphilis is 
otheiwise asymptomatic is as yet difficult because of the fact that similar 
abnormalities may sometimes be found m studies of appaiently healthy 
persons (Boyd and Smith 

Since symptoms of disturbance of the bladder aie, as is well known, 
often among the earliest signs of tabes dorsalis, a definite prognostic 
statement that this neurologic disease is imminently developing may 
sometimes be made by mologic consultation, including cystometry 
Moieover, it is possible, by this procedure, to differentiate between 
damage to the posterior columns of the spinal cord, as m tabes, and 
lesions of the corticospinal tracts, as m other forms of neurosyphilis 

1937 Creevy, C D Treatment of Neurogenic Vesical Dysfunction Complicated 
by Lesions of Vesical Outlet, ibid 37 593 (April) 1937 Hortolomei, N , and 
Streja, M De I’utilite de la cystometrie, J beige d’urol 10 531 (Dec ) 1937 
Muschet, M , Carp, J , and Charny, C W Normal Cystometrogram, J Urol 
37 718 (May) 1937 Simeone, F A , and Lampson, R S Cystometrie Study 
of Function of Urinary Bladder, Ann Surg 106 413 (Sept) 1937 Simons, I 
Cystometry Studies in Bladder Function, Critical Review with Special Reference 
to Microcystometry and Sphincterometry, Brit J Urol 9 132 (June) 1937 Van 
Duzen, R E Neurogenic Disturbances of Bladder Function, J Urol 37 156 
(Jan ) 1937 Adams, P S Use of Cystometer in Diagnosis of Neuiogenic 
Bladders (with Comments on Treatment and Case Reports), Nebraska M J 23 
(Feb ) 1932 Boyd, M L , and Smith, W A Why Are Abnormal Cystometro- 
grams Obtained m Normal Patients? J Urol 40 513 (Oct) 1938 Cheetham, 
J G Clinical Evaluation of Cystometer, ibid 39 569 (April) 1938 Gill, R D 
Neurogenic Disturbances of Bladder Physiology, Pathology, Symptomatology 
and Diagnosis, ibid 40 797 (Dec ) 1938 Herbst, W P Treatment of Neuro- 
genic Diseases of Bladder, ibid 40 789 (Dec ) 1938 Heusser, H Die Mano- 
metrie der Harnblase (Cystometrie), Ztschr f urol Chii u Gynak 44 312, 1938 
Irazu, J Cistometrla (nota previa). Rev argent de urol 7 283 (Sept -Oct) 

1938 Kasztrmer, I , and Illyes, E Urologic Diseases of Neurologic and Psycho- 
genic Origin with Special Consideration of Tabetic Vesical Disorders, Gyogyaszat 
78 135 (Feb 27) , 162 (March 6) , 174 (March 13) 1938 Lewis, L G, and Lang- 
worthy, O Cystometry, J Urol 40 677 (Nov ) 1938 Magid, M A Value of 
Cystometrie Studies in Atonic Bladder, Rocky Mountain M J 35 299 (April) 1938 
Maitland, AIL Dysfunction of Bladder as Early Neurologic Symptom, Tr Roy 
Med -Chir Soc Glasgow, 1937-1938, p 145 , in Glasgow M J , June 1938 
McLellan, F C Neurogenic Bladder Preliminary Report, Univ Hosp Bull , 
Ann Arbor 4 43 (June) 1938 Povlsen, O Cystometry, Hospitalstid supp, 
Festskr Bisp Hosp 81 137, 1938 Simons, I Cystometry Status and Outlook, 
with Special Reference to Microcystometry and Sphincterometry, Urol & Cutan 
Rev 42 316 (May) 1938, Neurologic Studies by Means of Microcystometer and 
Sphincterometer Studies m Bladder Function (Preliminary Report), J Urol 
39 791 (June) 1938 Brodie, E L , Helfert, I , and Phifer, I A Cystometrie 
Observations in Neurosyphilis, Urol & Cutan Rev 43 51 (Jan ) 1939 Rose, 
D K , and Shefta, L M Tabetic Bladder Discussion of Etiology with 
Cjstometnc and Pathologic Study, South M J 32 549 (May) 1939 

159 Boyd, M L, and Smith, W A Why Are Abnormal Cystometrograms 
Obtained in Normal Patients? J Urol 40 513 (Oct) 1938 
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Particularly important is the fact that by this technic a competent urolo- 
gist IS often able to define clearly to what extent urinary symptoms m a 
neuros3^phihtic patient are due to partial obstruction or to damage to the 
innervation of the musculature of the bladder 

Finally, cystometry is of value in determining the proper metnod of 
treatment, e g, whether one should employ acetylbetamethylchohne 
hydrochloiide (mecholyl) as a parasympathetic stimulant, atropine as a 
parasympathetic depressant or presacral sympathectomy 

In oui own practice (working with Lewis and Langworthy) cysto- 
metric study of the frequency of appearance of urinary retention, partial 
oi complete, during tieatment of appaiently uncomplicated dementia 
paralytica by induced fever has brought out the fact that involvement 
of the spinal cord (i e , the tabetic form of dementia paralytica) must 
be far more common than is usually suspected 

The practical value of cystometry, while peihaps familiar enough to 
neurologists and urologists, has apparently not yet received the attention 
it deserves from internists and syphilologists 

Pathology of Dementia PaialyUca — ^In an excellent article Gal- 
braith reviews the pathology of dementia paralytica He concludes 

the histopathological conception of general paralysis nas been 

considerably extended Notable additions to our knowledge of the morphological 
aspect of the process have been created by the discovery of the iron reaction, by 
the finer and more selective methods of demonstrating the ghal elements, 
and by further studies of atypical foims of the process 

In general paralysis there are many problems awaiting our attention 

Although general paralysis may be one of the best known diseases from 
the histologic aspect, yet the origin of the psj'chologic manifestations, 

apart from the gross dementia due to cortical destruction m the later stages, is 
as obscure as in the functional psychoses The exact circumstances of the 
invasion of the nervous parenchyma have yet to be elucidated, and it is unknown 
what factor is responsible for the breach in the “hEemato-cncephalic” barrier 
Further, we have no explanation for the constant and characteristic 

distribution of the disease process the lole of the spirochiete [in the 

development of certain pathologic changes] has been neither satisfactorily assessed 
nor eliminated [Nor has it been explained] why it eludes demonstration m cer- 
tain cases where there is other undoubted evidence of an active stage of the 
disease The exact nature of the iron reaction, which is evidently unlmown in 
other organs affected by syphilis, also merits considerable attention 

The possibilities of purely histologic research are by no means 
exhausted, and there is yet much scope in the direction of thorough and systematic 
examinations of the entire neivous system, Finally the most 

promising avenue will eventually prove to be the co-operation of the histologist 
and the bacteriologist in experimental studies upon the spirochaste 

160 Galbraith, A J Some Problems in the Histo-Pathology of General 
Paralysis of the Insane, Brit J Ven Dis 14 197 (July) 1938 
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Treatment of Neurosyplnhs — (a) Tabes Doisalis In a paper 
important both for the large number of patients studied and for the 
statistical details, O’Leary and the Cooperative Clinical Group have 
analyzed the outcome of treatment in 985 patients with tabes doisalis 
They summaiize their conclusions as follows 

Diagnosis — (a) Blood Thirty-two percent of the patients with tabes dorsalis 
had a negative blood Wassermann reaction and a positive spinal fluid at the 
time the diagnosis was made When the blood Wassermann reverses to negative 
the likelihood of clinical improvement is greater than when the Wassermann 
remains positive, and clinical progression is more likely if the serology is con- 
stantly positive A relapse of the blood Wassermann from negative to positive 
lb accompanied by a similar relapse of the spinal fluid in 29 percent of the cases 
The blood Wassermann reaction is an inefficient guide in the treatment of tabes 
dorsalis 

(b) Spinal fluid The degree of abnormality of the spinal fluid indicates with 
a fair degree of accuracy the prognosis and in addition serves as a guide in esti- 
mating in advance the intensity, duration, and type of treatment indicated Spinal 
fluids with the milder degrees of abnormality respond more satisfactoiily, more 
quickly, and more permanently than do those with the severe grades of posi- 
tivity Treatment failures, as evidenced by clinical progressions, were more 
common in the cases with severe degrees of spinal fluid involvement Clinical 
arrest may occur even though the spinal fluid remains positive, and, on the 
other hand clinical progression may continue in the presence of completely negative 
blood and spinal fluid reports Nevertheless the best results were noted in the 
majority of patients who obtained complete serologic reversals to negative 

(c) Blood versus spinal fluid Of the tabetics who had never been treated 
for syphilis, 31 per cent had a negative blood and a positive spinal fluid reaction 
at the time of the oi iginal examination In 5 percent of the tabetics not previously 
treated for syphilis, both the blood and spinal fluid were completely negative A 
spinal fluid that vacillates between negative and positive offers a better prognosis 
than a spinal fluid that remains persistently positive, because in this latter group 
clinical progression developed in one-quarter of the cases When the blood and 
spinal fluid were both reversed, 38 per cent showed sj’-mptomatic recovery, when 
the spinal fluid reversed and the blood was unchanged clinical arrest occurred in 
24 percent, when the spinal fluid remained positive and the blood serologic reac- 
tions became negative symptomatic recovery was noted in 17 percent, and when 
both blood and spinal fluid remained positive clinical recovery was noted in 15 
percent A study of clinical progression showed that when the blood and spinal 
fluid remained positive 20 percent progressed and that when both tests were 
completely negative only 3 per cent developed advanced signs of the disease 

Tteatment — (a) Serology An accurate comparative appraisal of the numerical 
value of routine treatment, intraspinal treatment, malaria therapy, and tryparsamide 
was not feasible in this material, some pertinent facts, however, were elicited 
about the four therapeutic procedures The treatment of tabes must be individ- 
ualized because m certain patients excellent results are obtainable aftei a few 


161 O’Leary, P A , Cole, H N , Moore, J E , Stokes, J H , Wile, U J , 
Parran, T , Vonderlehr, R A, and Usilton, L J Tabes Dorsalis Cooperative 
Clinical Studies in the Treatment of Sj^hilis, Yen Dis Inform 19 367 (Nov) 
1938 
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injections of arsphenamme and a heavy metal In others the intensive use of 
chemotherapy and perhaps the addition of one or two of the supplemental measures 

15 necessary to ariest the process, while in some patients the intensive and pro- 
longed use of the specific as well as the nonspecific methods will fail to contitil 
the disease 

In 60 percent of a group of 266 patients who received only routine treatment 
the spinal fluid became negative However, of the 396 patients uho were started 
on routine treatment in only 29 percent was the spinal fluid reversed, and of the 
group in whom reversal failed to occur 173 were given intraspinal therapy which 
was followed by seiologic negativity in 53 percent In other words, intraspinal 

therapy was successful in reversing the spinal fluid m more than one-half of 

those in whom routine tieatment failed In another group of 66 patients tr 3 "pars- 
amide was successful in reversing the spinal fluids in 29 percent after routine and 
intraspinal therapy had failed Malaria therapy was given to 75 patients after 
the other supplemental methods had failed and in 35 percent of these the serology 
was reversed to negative The value of the supplemental methods is further 
demonstrated by the fact that in 194 patients who failed to obtain serologic 
reversal from routine treatment the auxiliary measures were serologicallj" suc- 
cessful in 51 percent The majority of the reversals occur by the third j'ear of 

treatment with the various treatment procedures with the exception of tryparsamide 
with which the maximum results are noted about the tenth year If toward the 
end of the first year of treatment or after 20 injections of arsphenamme and 
twice as much heaiT- metal have been gnen and the spinal fluid is unchanged, 
the supplemental treatments should be gnen, bearing in mind that intraspinal 
therapy will produce serologic reversals in about one-half the time that tr>pars- 
amide requires, and furtheimore that malaria therapy will reverse the serology 
in one-third of the cases in which routine intraspinal therapy and trj'parsamide 
have failed 

(b) Clinical results The best clinical results were noted in those patients 
in whom the manifestations of tabes were of recent appearance, in whom the 
syphilis was of less than 10 years’ duration, and who obtained reversals of the 
blood and spinal fluid to negative The less abnormal the spinal fluid the better 
were the clinical results, and to obtain successful results from routine treatment 
more than 20 injections of arsphenamme and twice as much heavy metal should 
be given Of the 286 patients who received only routine treatment clinical arrest 
appeared in 15 4 percent, while in 25 percent of 281 patients who did not show 
a definite clinical improvement on routine treatment the use of intraspinal ther- 
apy produced clinical arrest Trj^parsamide under similar circumstances produced 
decided clinical improvement in 26 percent, and malaria therapy was likewise 
successful m 20 5 percent When a study was made of the influence of the 
various schemes of treatment on clinical progression it was found that in a group 
of tabetics who were receiving various types of treatment clinical progressions 
appeared in 30 percent, when intraspinal therapy was added the incidence of 
clinical progressions dropped to 8 percent Malaria deci eased progressions from 

16 percent to 11 percent and tryparsamide did not exert any material influence in 
this regard 

Clinical progressions were noted in 14 percent (139) of the entire group of 
968 tabetics Advanced forms of tabes dorsalis, general paralysis, taboparesis, 
and vascular neurosyphilis were the most common types of progression noted In 
those who had the Group III type of spinal fluid the majority of the clinical 
progressions were to general paralysis, while in most of those who had the Group 
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II type of fluid advanced signs of tabes dorsalis developed In 15 percent of the 
patients who had a negative spinal fluid at the time the diagnosis of tabes was 
made clinical progressions occurred 

In this material the clinical response was usually preceded by the serologic 
reversal, however, the proportion of cases which obtain neither a clinical nor 
serologic response increases with the seventy of involvement of the spinal fluid 
Although clinical arrest was accompanied by serologic reversal in 70 percent it is 
to be noted that clinical progression may also appear in the presence of spinal 
fluid negativity In 13 peicent who did not obtain serologic reversal clinical 
arrest was noted, hence spinal fluid findings in tabes dorsalis do not always 
parallel the clinical outcome of the case 

Symptomatology — The outstanding observations made on the influence of the 
various treatment methods on the symptoms of tabes may be briefly summarized 
as follows In 13 percent of the patients with optic atrophy the vision was 
improved and in 36 percent the progressive loss of vision was s^'opped Malaria 
therapy was more successful than the other therapeutic measures in controlling 
optic atrophy after the patients had been given moderate amounts of chemo- 
therapy 

Charcot’s joints were improved in 7 percent and arrest of the process was 
noted in 56 percent, none of the systems of treatment demonstrated any marked 
superiority in this manifestation of tabes Twenty percent of the patients with 
Charcot’s joints had negative blood and spinal fluid reactions 

Trophic ulcers were completely healed in 47 percent, with no outstanding 
benefit from any therapeutic measure 

Ataxia disappeared in 15 percent of the cases and in 41 percent it was mate- 
rially improved, and although the results were about the same from the four 
methods of treatment there were fewer cases that showed an advance in the 
ataxia following intraspinal therapy 

The neuritic pains were the most frequent symptoms of tabes and they were 
completely overcome in 31 per cent of the cases, while in 35 percent the severity 
and frequency of the pains were lessened Routine tieatment alone had a higher 
percentage of successful results than did any of the supplemental measures in 
that 32 percent of the patients had a complete disappearance of the pains following 
this type of treatment Malaria therapy Avas the least successful in the control of 
this symptom due no doubt to the fact that it AA’as employed m the cases m which 
the other methods had given no relief 

Gastric crises disappeared following treatment in 44 percent and were less 
severe in 25 percent Routine treatment Avas again the most successful method 
of treatment 

Incontinence disappeared in 24 percent, Avhile in 38 percent the complaint A\as 
improved Malaria therapy Avas most successful in the control of this complication 

Diplopia Avas the most responsive symptom to treatment, as it disappeared in 
83 percent of the cases and in the majority of the cases from routine treatment 

It will not be possible to estimate accurately the value of any specific or non- 
specific therapeutic program for tabes dorsalis until the incidence of cases is 
knoAvn m Avhich the symptoms of the disease disappear spontaneously as Avell as 
those that progress to the end point A studj’- of the influence of treatment on 
the objective signs of the disease Avas not attempted 

Metildi,^® aware of the fact that the cause of lightning pains in tabes 
dorsalis is unknoAvn and that the lesion of the spinal coi d is similar to one 
which may be produced in swine b)’- a diet deficient in a itamin treated 
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6 patients suffering fiom the lightning pains of tabes doisahs with thiamin 
chloride Fiom 10 to 20 mg of this substance was given inti avenously 
at weekly inteivals Theie was definite symptomatic improvement in all 
Reese and Hodgson/®" in older to throw some light on the lelation- 
ship of tabes dorsalis and vitamin have studied the blood, analyzed 
the gastiic contents and detei mined the pyiuvic acid on a gioup of 
patients with neurosyphilis The incidence of achlorhydria in 168 
patients with neurosyphilis was no gieatei than m nonsyphihtic patients 
of corresponding age groups Studies of the blood and determina- 
tions of pyruvic acid wei e made on all neuros) phihtic patients who had 
achlorhydria Then blood was normal, and the pyiuvic acid levels weie 
not significantly alteied In short, the authors were unable to demon- 
strate vitamin B deficiency in tabes doisahs However, they treated a 
group of tabetic patients with liver extract, vitamin Bj and yeast and 
obseived marked symptomatic impiovement These patients were not 
given antisyphihtic treatment Ataxia diminished, sensory disturbances 
weie S3anptomatically improved, and m 1 instance theie was an increase 
in the size of the visual fields The authors suggest that a partial 
explanation for involvement of the cential neivous system in syphilis 
may be a deficiency of vitamin B^ and that if the patient is saturated with 
this vitamin, the normal resistance of the tissues will return, thereby 
preventing furthei attack by S pallida 

(b) Dementia Paralytica Many articles continue to appear in the 
literature dealing with the late lesults of the treatment of dementia 
paialytica with malaria and with fevei mechanically induced The 
following refeiences aie representative 

Escher reexamined 155 of 296 patients with this disease who were 
tieated with malaria from 1922 to 1934 Sixteen weie fully recovered, 
81 improved and 58 unimproved Veiwaeck investigated the status 
of 83 such patients who had received malaria treatment ten years 
previously The final outcome was favoiable in 36 per cent Taddei 
leexammed 260 of 298 patients with dementia paralytica who had been 
followed foi eleven years He found 39 per cent cured, 26 per cent 
partially cured, 5 per cent unimproved and 14 per cent dead of the dis- 

162 Reese, H H, and Hodgson, E R Tabes Dorsalis and Vitamin B 
Deficiency, Urol & Cutan Rev 43 56 (Jan ) 1939 

163 Escher, F Nachuntersuchungen der in der Heilanstalt Burgholzli- 
Zurich von 1922-1934 mit Malaria behandelten Paralytikar, Schveiz Arch f 
Neurol u Psychiat 42 37, 1938 

164 Vervaeck, P Les chances de survie et de guenson des paralytiques 
generaux (80 catamneses dix ans apres la malanasation), J beige de neurol et de 
psychiat 38 508 (July) 1938 

165 Taddei, G Ghesite della paralisi progressiva curata con la malaria 
Statistica dell instituto psichiatrico di Firenze, Riv di pat nerv 51 503 (May- 
June) 1938 
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ease Van der Heide analyzed the results in 274 patients treated u itli 
malaria One fourth of the group had a complete lecovery sustained 
over seveial years The lesults weie better in eaily dementia paialytica 
and in the expansive manic form Huskisson presents the lesults 
in 300 patients treated with tertian malaria, 17 per cent reco^ ered, 40 pei 
cent improved, 30 per cent were not changed and 12 per cent died 
Williams says that of the patients with dementia paral} tica treated 
at the Indiana State Hospital duiing the fiscal yeai 1937-1938, 30 to 
33 per cent improved, 30 to 40 per cent did not improve and 28 to 38 pei 
cent died Only about 12 per cent of the group could be discharged 
from the hospital 

(c) Gumma of the Brain Alpeis^°° leports 3 cases of sohtaiy 
gumma of the hi am There are no characteristic signs or symptoms 
except those of a tumor of the brain, and treatment is piimaril})- surgical 
Antisyphihtic treatment should, Alpers thinks, be delayed until aftei 
operation 

(d) Combined Fever and Chemotherapy in the Treatment of Neuio- 
syphihs Bennett and Lewis present data to show the superiority of a 
combination of fever and chemotheiapy for neuiosyphihs over either 
alone Mapharsen or bismarsen (number of doses not stated) was given 
during the height of mechanically induced fevei Of 10 patients with 
late as 3 anptomatic neuiosyphihs, strongly positive findings in the 
cerebrospinal fluid were completely reversed in 7, partially leversed in 2 
and unchanged in 1 Of 19 patients with dementia paralytica, complete 
remission with full occupational recovery followed in 14, moderate 
improvement in 3 and no improvement m2 Of 31 patients with tabes 
dorsalis of the most severe type, many with resistant chronic symptoms, 
16 (52 per cent) had complete relief of all piedominatmg symptoms , 11 
(35 per cent) had improvement in all predominating symptoms vith 
disappearance of some of them, while only 4 were unimproved Of 28 
patients with neuritic pains, 24 were definitely benefited or relieved 
Eleven of 15 patients with gastric cnses were completely oi partially 

166 van der Heide, C Malarial Therapy of General Parahsis, Nedeil 
tijdschr V geneesk 82 3331 (Jul}’’ 2) 1938 

167 Huskisson, D S Malarial Pyrotherapy for Syphilitic Disease of Central 
Nervous System, South African M J 12 589 (Aug 29) 1938 

168 Williams, C L Neurosyphilis, J Indiana M A 32 62 (Feb ) 1939 

169 Alpers, B J Gumma of the Brain, Am J Syph , Gonor & Ven Dis 23 
233 (March) 1939 

170 Bennett, A E , and Lewis, M D The Prevention and Treatment of 
Neuros 3 'phihs by Combined Artificial Fever and Chemotherapy, with Report of 
Results in Seventy-Two Cases, Nebraska M J 23 295 (Aug ) 1938 , The Pre- 
vention and Treatment of Neurosyphilis by Combined Artificial Fe\er and Chemo- 
therapj^. Am J Syph, Gonor Ven Dis 22 593 (Sept) 1938 
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relieved Of 12 patients with seveie, disabling types of meningovascular 
neurosyphilis, complete relief from predominating symptoms was secured 
m 10 

These lesults are so fai superioi to any lepoited by othei ^^orkers 
from fever theiapy oi chemotherapy alone, and are so m line with the 
experimental data now beginning to appear, e g , from Borchers,-® as to 
suggest that further clinical and experimental studies in this important 
therapeutic field are urgently needed 

{e) Aldarsone Kamman repoits the use of aldaisone, a new 
pentavalent arsenical ( f ormaldeh)'de sulfoxylate of 3-ammo-4-hydi oxy- 
phenylarsonic acid), m the treatment of 53 patients with neuiosyphihs 
The diug was found to be relatively nontoxic Kamman feels that the 
drug is an effective agent m the treatment of neurosyphilis 

(/) Malaria Milam and Kusch have treated 29 white and 6 
Negro patients with Plasmodium knowlesi, the malaiial parasite lespon- 
sible foi spontaneous malaria in apes All of the white patients were 
susceptible to the organism, but none of the Negroes responded The 
infection was at times quite heavy, more than 1 pei cent of the led blood 
cells being paiasitized Relapses were not infiequent 

Sioli, Kentenich and Boldt describe m detail the technic f oi the 
cultivation of mosquitoes (Anopheles) to be used m the malaiial treat- 
ment of dementia paialytica They have collected 27 dilYeient svarms of 
mosquitoes in the past three years, all of which successfully transmit 
malaria to human beings 

Mayne and Young combined Plasmodium vivax and Plasmodium 
malariae m the tieatment of 16 patients suffeiing from dementia para- 
lytica They observed that one of the strains became predominant, the 
other tending to disappear The predominant species w'^as not the same 
in every instance, but was usually the tertian It is piobable that the pre- 
dominance of one strain over the other is not due to cioss immunity 

Boyd, Kitchen and MattheAvs have demonstiated that theie is no 
cross immunity between P vivax and Plasmodium falcipaium They 

171 Kamman, G R Intravenous Aldarsone m the Treatment of Neuro- 
syphilis. Am J Syph , Conor & Yen Dis 22 638 (Sept ) 1938 

172 Milam, D F , and Kusch, E Observation on Plasmodium Knowlesi 
Malaria in General Paresis, South M J 31 947 (Aug ) 1938 

173 Sioli, F, Kentenich, A, and Boldt, E Weitere Erfahrungen uber die 
Zucht der Anopheles und ihre Verwendung in der Malariabehandlung der Paraly- 
tiker. Arch f Schiffs- u Tropen-Hyg 43 1 (Jan ) 1939 

174 Mayne, B , and Young, M D Antagonism Between Species of Malaria 
Parasites in Induced Mixed Infections Preliminary Note, Pub Health Rep 53 
1289 (July 29) 1938 

175 Boyd, M F , Kitchen, S F, and Matthews, C B Consecutive Inocu- 
lations with Plasmodium Vivax and Plasmodium Falciparum, Am J Trop Med 
19 141 (March) 1939 
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inoculated patients with eithei P vnax or P falcipaium and subse- 
quentl)^ duiing the incubation period, the peiiod of acute attack or 
aftei lecovery, inoculated them with the heterologous species Inocula- 
tion with the heterologous stiain duiing the acute attack or after 
lecoveiy was successful in every instance Inoculation with the 
heterologous species during the incubation period, hovever, gave nega- 
tive I esults in 2 instances The authors are unable to explain this obsei - 
vation but believe that it is not the result of antagonism between the 
two species They feel that if theie vas antagonism, all superinfections 
with the heterologous stiain should have been negative 

Goldman leports the use of maphaisen in the tieatment of 24 
patients suffering from teitian malaiia One patient had spontaneous 
malaiia, the lemaming 23, malaiia inoculala The dose of mapharsen 
was 0 04 to 006 Gm Fouiteen patients leceived a single injection, 
1 leceived four injections and 9 each leceived eleven injections Theie 
weie two lecuiiences, both in patients receiving one injection, and both 
responded to further treatment with maphaisen The author believes 
that mapharsen has a definite place in the treatment of tertian malaria 
{g) Lumbar Puncture In ordei to investigate the effect of lumbar 
puncture on the cerebrospinal fluid, Scheid peifoimed punctuie and 
lepuncture on 106 peisons, 18 of vhoni had no clinical manifestations 
of disease of the cential nervous system In the ceiebiospmal fluid 
of 16 of the IS noimal peisons theie was an increase in lymphocytes at 
the time of the second puncture (two to four days after the first punc- 
tuie) but no change in total piotein, globulin, sugar or mastic reaction 
Cerebrospinal fluid which was abnoimal at the time of the first puncture 
showed a less marked mciease in lymphocytes and a slight deciease in 
total piotein, globulin, sugai and mastic leaction at the time of the 
second 

SYPHILIS AND PREGNANCY 

Incidence of Syphihs in Piegnant Women and Stillhoin Infants — 
Hariington and Matschat show that there has been a significant 
deciease in the incidence of syphilis m piegnant women in a large New 
Yoik Clinic duiing the period fiom 1914 to 1937 Of 5,500 women 
examined before September 1923, 7 58 per cent had positive routine 
serologic tests foi syphilis, of 4,422 examined fiom 1923 to 1937, only 
4 36 pel cent had positive tests 

176 Goldman, D The Use of Mapharsen in the Treatment of Malaria, Am 
J M Sc 196 502 (Oct ) 1938 

177 Scheid, W Ueber Liquori eranderungen nach der Lumbalpunktion, 
zugleich em Beitrag zur Frage der postpunktionellen S 3 mptome, Ztschr f d ges 
Neurol u Ps 5 fchiat 163.397, 1938 

178 Harrington, H , and Matschat, L J Syphilis in Dependent Mothers, Am 
J S} pb , Conor & Ven Dis 22 513 (July) 1938 
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Montgomeiy investigated the cause of 449 stillbirths in Philadel- 
phia Syphilis "was found to be the cause of 24 (9 per cent) Twenty of 
these could have been prevented Of 49 instances in which the cause 
of stillbirth was unknown, serologic tests were done on the mother in 
only 15 

Placental Tiansimssion of Ai seine — Various workers have shown 
that after the administration of an arsenical to a pregnant woman or 
animal the drug can be readily demonstrated m the placenta, particularly 
the fetal portion, but is present only m minute quantities in the blood and 
organs of the fetus Snyder and Speert have investigated further the 
transmission of arsenic to the fetus They gave single injections of 
neoarsphenamine to rabbits in different stages of pregnancy and 
calculated the arsenic present m the fetus and in the placenta Arsenic 
could not be demonstrated in the fetus until the beginning of the latter 
half of pregnancy The placenta contained eighteen times as much 
arsenic as the fetus, and the fetal portion of the placenta contained six 
times as much arsenic as the maternal portion Two conclusions drawn 
by the authors were 

Variations in the arsenic content of the placentas could not be correlated with 
the stage of pregnancy 

The concentration of arsenic in the fetus near term approaches the level calcu- 
lated to be present in the maternal tissues when definite antisyphilitic effect is 
exerted 

Tieatment — Costello and associates analyzed the outcome of preg- 
nancy in 116 syphilitic mothers treated with mapharsen Bismuth 
preparations were given to these patients concurrently These women 
gave birth to 106 (91 4 per cent) living infants Of 72 women who 
received six or more treatments, 94 7 per cent had living children Of 
the 106 babies born alive, 50 were followed in the pediatric clinic, and 5 
(10 per cent) of these had positive results from the Wassermann test 
The authors then compaie the results obtained with mapharsen with 
those obtained with a bismuth pieparation alone, with neoarsphenamine 
and with acetylarsan (p-oxyacetylaminophenylarsinate of diethylamine) 
They find that fewei sj^philitic children are born alive aftei* treatment 
with neoarsphenamine than after treatment with mapharsen plus a 

179 Montgomery, T L Problems m the Etiology and Prevention of Still- 
births, Am J Obst & Gynec 36 975 (Dec ) 1938 

180 Snyder, F F, and Speert, H The Placental Transmission of Nec- 
arsphenamine in Relation to the Stage of Pregnancy, with Special Reference to the 
Prenatal Treatment of Syphilis, Am J Obst & Gynec 36 579 (Oct) 1938 

181 Costello, M A , Coppolino, J A , Rakoff, A E , Roeder, P H , and 
Dickson, G S Mapharsen in the Treatment of Syphilis Complicating Pregnancy 
A Comparative Study, Am J Syph , Conor & Ven Dis 23 332 (May) 1939 
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bismuth pieparation or with acet 3 larsan The percentages, in the order 
of the drugs named, are 3 2, 10 07 and 38 4 

In evaluating these diugs m terms of living births, the}’- find that 
“■aftei six or more doses, respectively, of quinine bismuth iodide, 
maphaisen plus bismuth, acetylarsan and neoarsphenamme the per- 
centages of living children are, in the ordei of drags named, 80, 94 4, 
96 5 and 96 7 A control series of 65 unti eated mothers had only 69 1 
per cent living childien 

CONGENITAL SYPHILIS 

Pathologic Obseivatwns — Ors6s describes what he believes to be 
the first case of syphilitic changes in a 4 week old embiyo to be repoited 
A 17 yeai old girl undei treatment for secondaiy syphilis aborted In 
the aborted material was found a 4 week old embryo Sections of the 
embryo revealed a pathologic change of an inflammatory natuie in the 
1 egion where the neck would later develop In spite of the fact that no 
S pallida could be demonstrated in this lesion, the author assumes that 
It was due to syphilis 

Cainevale Ricci examined histopathologically the eais of 43 con- 
genitally syphilitic infants Some were stillborn at term, and others died 
a few days to two months after birth He found definite syphilitic 
changes m the ears of 8 of the 43 infants examined Syphilitic lesions 
of all degrees of seventy and m all stages of development were found in 
all paits of the ear The labyrinth was most commonly affected, and 
both the bony and the membranous capsule were involved The aural 
lesions were generally associated with severe syphilitic changes in other 
parts of the body .md many of the infants had syphilitic meningitis 
There are excellent photomicrographs, including seveial colored plates 

D’Aunoy and Peai son were able to find congenital syphilitic 
lesions of the intestine in 3 (1 3 pei cent) of 230 children with congenital 
syphilis who weie examined post moitem In each instance S pallida 
was demonstiated in the lesions The authors conclude from then 
peisonal expeiience and from a review of the literatuie that more than 
75 per cent of congenital syphilitic intestinal lesions are in stillborn 
infants and children who live less than twenty-four hours The most 
chaiacteristic intestinal lesion is a raised yellow plaquelike band encircling 
the bowel, which is usually found in the lower portion of the ileum 
There is necrosis of the mucosa and submucosa When spiiochetes are 

182 Orsos, I J Syphilitische Veranderungen an vierwochigem Embryo, 
Arch f Dermat u Syph 178 188, 1938 

183 Carnevale Ricci, F Osservazioni istopatologiche sulle sifilide congenita 
dell’orecchio, Arch ital di otol 50*521 (Oct) 1938 

184 D’Aunoy, R , and Pearson, B Intestinal Lesions in Congenital Syphilis 
Histologic Study with Report of Three Additional Cases, in All of Whicn Spiro- 
chetes Were Identified, Arch Path 27 239 (Feb ) 1939 
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found, they are most piominent in the perivascular tissue and m the 
walls of the blood vessels If present in the muscle coats, they tend to he 
m the diiection of the muscle fibers 

Diagnosis — In a paper which is notable for clear thinking and calm 
piesentation of a subject which too frequently pieviously has inspired 
other authors to the contrary. Black considers the criteria on which 
a diagnosis of congenital syphilis properly should be based In the 
days before antisyphihtic treatment of pregnant women with syphilis 
was geneial, congenital syphilis was both common and seveie m the 
infants born of these women At present, however, many pregnant 
syphilitic Avomen have had some prepartum care, which may have pre- 
vented or may have “cured” fetal infection In some instances, however 
it has served only to suppress the manifestations of syphilis in the 
newborn 

Black says, therefoie 

The diagnosis of congenital syphilis, once concerned principally with severe 
and relatively easily recognized cases, has been rendered much more difficult as 
a result of the nearly universal use of ante-partum treatment m infected women 
A more refined and judicious use of diagnostic methods js necessary now m order 
to identify the occasional mildly infected infant among the many svphilis-like babies 
born of treated syphilitic mothers Coincident with the diminished frequency and 
severity of congenital syphilis, there must come a change in attitude toward the 
newborn babies of syphilitic women Whereas previously the baby was properh 
considered probably syphilitic, now the infant may be regarded as nonsyphilitic 
until proved otherwise At one time it was perhaps excusable to give antisyphihtic 
tieatment to all babies born of syphilitic women, only the exceptional infant was 
unjustly exposed to the dangers and disadiantagcs of unnccessarj’’ treatment Such 
an attitude now would be an injustice to most of the babies 

There are three mam methods of imestigation by which the unquestionable 
presence or absence of congenital syphilis in living infants or childien may be 
definitely determined 

(1) bactenologic examination 

(2) serologic examination 

(3) roentgenologic osseous examination 

By the term “bactenologic examination,” the authoi means a search 
for S pallida by daik field examination of mateiial from the umbilical 
vein and from “suspicion arousing” lesions oi abnormalities such as 
failuie of the umbilical stump to heal 

As to seiologic examination, the authoi states 

There is overwhelming evidence that reagiii may be present 

in the circulating blood of newborn infants born of sjphilitic mothers without the 
concomitant presence of spirochetes in the infant’s tissues Presumably the 

185 Black, W C Diagnosis of Congenital Syphilis Pathognomonic 

Criteria, J Pediat 14 761 (June) 1939 
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reagin, crosses the placental barner from the maternal to the fetal blood 

Thus a nonsyphihtic newborn infant may have a positive blood [serologic] 


test 

In the asymptomatic syphilitic infant reagm may be entirely absent at birth, 
but it will be present within a few weeks or at most within four months More 
commonly the first serologic test will be positive The reagin responsible for this 
early positive test may be either maternal or fetal m origin or may be a mixture 
of both In general, titers tend to be higher m infected than in uninfected 

infants If the cord blood reagin titer exceeds by a wide margin the maternal level, 
one cannot escape the probability that the infant is S 3 "philitic There is 

as yet not enough clinical support to consider this observation of pathognomonic 
significance Serologic differentiation between the infected and nomnfected new- 
born infants depends, in our present state of knowledge, upon an increase in the 
amount of the reagm m the infected baby 


Roentgenologic findings, in the very nature of the case, aie a much 
less direct evidence of the piesence of a disease such as syphilis than 
IS the identification of the causative organism oi a specific serologic 
reaction Considering the recent confusion caused by the deposition 
of bismuth lines m the long bones of infants whose motheis have been 
treated with a preparation of this metal during pregnancy. Black 
1 ecognizes the present unsettled state of roentgenologic diagnosis How- 
ever, from his study of 102 cases of congenital syphilis, among which, 
judged by a moitahty rate of 42 per cent, the average intensity of 
infection was great, he lists ten types of roentgenologic osseous change 
which he considered diagnostic of congenital syphilis 

1 Well-defined saw-tooth metaphysis m well calcified bones 

2 Deep zones (in the longitudinal axis) of submetaphyseal rarefaction 

3 Multiple “separation of epiphyses” with or without impaction in bones which 
are not rachitic 

4 Bilateral symmetrical osteomyelitis of the proximal mesial aspects of the 
tibiae 

5 Alultiple circumscribed osteomyelitis of the long bones shown by the roentgen 
rays as patchy areas of rarefaction 

6 Alultiple longitudinal areas of rarefaction (osteomj’-elitis) m the shafts of the 
long bones, sometimes resulting m fractures 

7 Destructive lesions at the mesial or lateral aspects of the metaphyses (foci 
of rarefaction) 

8 Multiple areas of cortical destruction generally seen within a centimeter of 
the ends of the bones 

9 Double zone of rarefaction at ends of bones 

10 Localized periosteal cloaking occurring in more than one bone 


He feels that criteria 1, 3, 4, 5, 6, 7 and 8 are still acceptable as 
pathognomonic As he points out, however, a very high degree of 
technical perfection m the loentgenogram is necessary for unequivocal 
demonstration of criterion 1 In criterion 7 the changes should be 
multiple and very definite 
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There is perhaps some question as to whether criteria 2, 9 and 10 are suffi- 
ciently reliable to retain their pathognomonic significance As for criterion 2 we 
feel, that perhaps it should not be included in its present form as a sign 

by which a definite diagnosis of congenital syphilis can be made 

Black presents a schema of diagnosis, the use of which he feels will 
establish the presence or absence of syphilis in nearly all babies within 
three weeks after birth Although he grants that there are perhaps 
occasional instances in which one would be justified m beginning treat- 
ment foi syphilis m infancy without the support of an absolutely 
positive diagnosis, he holds that such action should be taken only after 
consultation with the best available authority m each of the fields con- 
cerned and that a sharp distinction should be drawn between a positive 
and a presumptive diagnosis The procedure for the diagnosis of 
congenital syphilis m young infants was described by Black as follows 

1 Routine Wassermann test, history (with sypliihs in mind), and careful phy- 
sical examination (with s}'phihs in mind) of all pregnant women at the time 
pregnancy is diagnosed Frequent check-ups of suspicious cases 

2 Suitable treatment of every pregnant woman who has or has had sjphihs, 
regardless of the results of serologic tests, phjsical signs of the disease, or 
previous treatment 

3 Dark-field examination of umbilical vein scrapings in every case m which 
there has been inadequate, irregular, or no ante-partum treatment 

4 Cord or peripheral infant blood Wassermann or other serologic test in e\ery 
case and titrations m all positive cases Without tins original test, titiated when 
positive, it IS impossible to evaluate properly the next test 

5 Roentgenograms of the long bones within two weeks after birth of those 
infants in which the presence of syphilis is fairly probable (inadequate, irregular 
or no ante-partum treatment) or in which the first serologic reaction was positive 

6 Repeated infant blood Wassermann tests at not longer than two-week 
intervals with titrations in cases in which the original test was positive 

7 Repeated roentgenograms at one month or six weeks of age in cases in 
which the diagnosis is still m doubt 

8 Repeated dark-field examinations of any suspicious lesions (mucous mem- 
branes of nose, mouth, or anus, diaper rash, slowly healing umbilical stump etc) 

9 Spinal fluid examinations of infants m whom the presence of syphilis is fairly 
probable (see S above) when subsequent examinations have not revealed positive 
diagnostic results 

Congemtal Syphths as a Statting Point foi Case Finding — In a 
discussion on the management of syphilis m piegnancy and the diag- 
nosis of early congenital syphilis, Davis calls paiticular attention to 
the importance of family case finding In examining the families of 
1,676 syphilitic mothers legistered with the New York City Health 

186 Davis, M L Prevention of Congenital Svphihs, Arch Pediat 55 590 
(Oct) 1938 
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Department, she found 30 per cent of the persons examined to be 
infected In two families alone, 13 of 16 living members examined 
had syphilis' 

Congenital Syphilis in One of Twins — ^\Vile and Welton^®' present 
a review of the literature on syphilis in twins and report a thoroughly 
studied case of pienatal syphilis in one of fraternal twins 

Oculai Lesions — McLeod^®® describes some of the less common 
findings m the eyes m congenital syphilis Lesions of the fundus may 
be divided into four main types 

Type I The so-called “salt and pepper” fundus with yellowish, or grayish red 
dots interspersed among a multitude of granular brown to black pigment dots 
In the more severe forms the spots a^e larger and tend to invade the macular 
region, the nerve may be atrophic and vision impaired 

Type II Larger and more irregular pigment masses occur, located mostly at 
the periphery, between which similar “bleached” areas appear The nerve may 
be atrophic Sidlei-Huguenin has noted this type after the subsidence of inter- 
stitial keiatitis 

Type III Disseminated chorioretinitis The lesions are round or oval and 
appear as an atrophic patch surrounded by a ring of pigment The macula may 
be involved 

Type IV Similar to retinitis pigmentosa and at times difficult to differentiate 
The visual symptoms are identical This type seems now to be rare 

It is obvious that all these changes are dependent upon the migration of pig- 
ment consequent to inflammatory processes and as a natural result of the repair 
of localized lesions or in response to stimulation of the pigment cells as a part 
of the general defense mechamsm of the body 

Anderson and Wilson report the results of treatment with 
induced fevei in 22 patients with interstitial keratitis Seven had 
1 eceived previous chemotherapy, 6 of whom had shown no improvement 
after two to five months of treatment, and 3 of whom had lesions develop 
m the other eye during treatment The seventh had had several relapses 
during a four year period of therapy In 13 patients the keratitis was 
acute and untreated Of these, 3 were given fever by injecting Aaccine 
intravenously, and 10 were treated with malaria Two of the 3 patients 
tieated with vaccine and all of the 10 treated with malaria showed a 
satisfactory immediate response There were two relapses, one six and 
one ten weeks after the induction of malaria Both responded to a 
few injections of vaccine Nine patients with chronic interstitial kera- 

187 Wile, U J, and Welton, D G Prenatal Syphilis in One of Twins, Am 
J Syph , Conor & Ven Dis 22 544 (Sept ) 1938 

188 McLeod, J The Eye m Congenital S 3 ’'philis, J Missouri A 36 49 
(Feb) 1939 

189 Anderson, C R, and Wilson, W A Active InterstiUal Keratitis of 
Late Prenatal Syphilis Its Treatment, California & West Med 50 196 (March) 
1939 
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titis were treated with fever A satisfactory result was obtained in 3 
with vaccine alone Of the 6 remaining, 4 responded satisfactorily to 
malaria The authors believe that their own results and those of other 
workers show that malaria is a valuable form of therapy in interstitial 
keratitis, particularly if followed by two years of chemotheiapy 

Treatment — Howard shows that, unless neurosyphilis is present, 
the long term outcome of treatment in congenital syphilis is extiemely 
satisfactory Forty-five children were followed for two to ten years 
(average five to six years) after the completion of treatment A satis- 
factory result was obtained for 85 per cent of the entire group, the 
result being better in those treated during the first year of life Twenty 
children (45 per cent) were "cured ” Eighteen children (40 per cent) 
had at the end of the ten year period a positive Wassermann reaction 
of the blood as the only sign of syphilis The poor clinical outcome 
in the remaining 7 children was explained by the presence of neuro- 
syphilis in 6 

Epilepsy — Babonneix^®^ investigated the association of epilepsy 
with congenital syphilis Of 246 patients with congenital syphilis, 22 
per cent had epileptic attacks Among 323 persons with epilepsy selected 
at random and not previously known to have syphilis, 17 per cent were 
found to have congenital syphilis 

Epiphysial Changes — Park and Jackson present a correlation of 
roentgenologic and necropsy observations m congenital syphilis In 
some infants the cartilage is most affected, in others, the osteoblasts 
In some, destructive processes are predominant, in others, new bone 
formation in the periosteum These irregular projections are not always 
present in children with congenital syphilis 

Necropsy studies show that the roentgenologically visible projec- 
tions into the cartilage at the ends of the long bones are around the 
nutrient vessels of the caitilage, the cartilage canals In many cases 
the proliferated cartilage shows extreme degenerative changes The 
fundamental anatomic lesions may he either in the cartilage canals or 
in the cartilage itself The cartilage in close proximity to the cartilage 
canals is more normal than that lying at a distance, matures more 
quickly, becomes calcified earlier and so produces the irregular spike 
formation 

190 Howard, P J Congenital Syphilis A Ten Year Study of Forty-Five 
Children, J Pediat 14 220 (Feb ) 1939 

191 Babonneix, L Le role de la syphilis congenitale dans de determmisme de 
I’epilepsie, Acta psediat 22 47, 1938 

192 Park, E A , and Jackson, D A The Irregular Extensions of the End 
of the Shaft in the X-Ray Photograph in Congenital Syphilis, with Pertinent 
Observations, J Pediat 13 748 (Nov ) 1938 
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Sciologic Changes — Davies cairies further the work of Faber 
and Black and of Christie^®® on a quantitative technic for testing 
the blood of infants of syphilitic mothers as an aid in differentiating 
syphilitic from nonnal children Christie followed a group of newborn 
infants for foui months and obseived that infants whose blood tests, 
positive at biith, became negative and remained so presented subse- 
quently no signs of syphilis but that infants whose tests showed an 
initial diop in titer and then a sudden rise showed later other signs of 
syphilis Davies followed 56 infants for longer periods of time, 20 of 
them for one year Of the 56 infants, 25 had positive neonatal blood 
tests , only 2 of these later showed congenital syphilis. Nineteen 
infants whose neonatal blood tests were negative were followed for six 
months, and 12 of the 19 weie followed for one year, congenital 
syphilis developed m none 

In most instances the neonatal positive blood reactions (repiesent- 
ing, of course, tiansfer of reagin fiom mother to fetus) diminished or 
disappeared within two weeks, but in 1 case the positive reaction 
lemained for forty days and in another for three months Davies sug- 
gests that inasmuch as congenital syphilis is more likely to develop m 
infants who have positive neonatal tests than m those whose tests are 
negative, infants with positive tests should be followed more closely 
and for a longei period of time 

Oial Treatment with Acetaisone — One of the best of lecent papers 
on the administration of acetarsone by mouth in the treatment of con- 
genital syphilis is that of Pillsbury and Perlman Since 1931 these 
authors have treated 196 patients with this drug, for 187 of whom the 
diagnosis of syphilis seems certain This group of 187 patients has 
been followed for periods varying from two months to six and a half 
years, and the observations form the basis of the present report. Of 
this number, 145 have been followed for more than one year, 116 for 
moie than two years and 87 for more than three years since the insti- 
tution of treatment In 87 patients in this senes syphilis was not 
diagnosed in the dispensary at the examination on admission and was 

193 Davies, J A V The Evaluation of Serologic Tests for Congenital 
Syphilis, with Special Reference to the Neonatal Period, J Pediat 13 -341 (Sept) 
1938 

194 Faber, H K, and Black, W C Quantitatiie Wassermann Tests in 
the Diagnosis of Congenital Syphilis Clinical Importance of Fildes’ Law, Am 
J Dis Child 51:1257 (June) 1936 

195 Christie, A U Diagnosis of Syphilis in Newborn Infants Use of 
Quantitative Wassermann Tests, Am J Dis Child 55:979 (May) 1938 

196 Pillsbury, D M , and Perlman, H H Acetarsone Therapy m One 
Hundred and Eighty-Seven Cases of Congenital Syphilis, with Observations on a 
Group of Eighty-Seven Patients Recening No Treatment, Arch Dermat & Syph 
39-969 (June) 1939 
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not discovered in subsequent examinations until, on an aveiage, three 
years after admission This group of patients, therefore, was one in 
which the course of the untreated disease could be observed, and the 
delay m the recognition of the disease explains why, although the 
average period of observation of the group of patients was four and 
four-tenths years, the average period of observation aftei treatment 
was begun was only two and eight-tenths years 

The authors are impressed with the clinical effects of treatment with 
acetarsone In the 3 patients who were so studied the spirochetes 
disappeared from surface lesions m seventy-two, ninety-six and one 
bundled and twenty hours, respective!}' In general, cutaneous lesions 
healed within three oi four weeks, osseous lesions responded satis- 
factorily, and m 2 patients with Glutton’s joints involution occurred 
They observed no instance of late clinical relapse aftei treatment with 
acetarsone, and clinical pi egression m spite of treatment occurred in 
only 8 cases The effect of the drug on interstitial keratitis was, how- 
ever, disappointing 

A very satisfactory incidence of seiologic reveisals was obtained, 
1 e , 70 per cent reversals in children hose treatment was instituted 
before they were 6 months of age, and 36 per cent reversals in chil- 
dren who were more than 6 months of age when treatment was begun 
The authors point out, however, that this is less frequent serologic 
reversal than that reported by Smith foi children treated with alternat- 
ing courses of a bismuth preparation and an arsphenamine They do 
not, however, considei the possible effects of differences in the serologic 
laboratories and in the sensitivity of the serologic tests employed 

Their experience with the incidence of reaction emphasizes one of 
the aspects of any method of oral treatment for syphilis which is 
extremely distressing, i e Can the parents or guardians be depended 
on to administer the diug with the regularity which is so necessary? 
With the therapeutic system which they were using, Pillsbury and 
Perlman found that some type of reaction developed in 32 per cent of 
children being treated with acetarsone in the hospital wards whereas 
only 8 per cent of those whose treatment was being prescribed in the 
outpatient depaitment, to be earned on at home, suffered the same fate 
Since they could find no other factor to explain so wide a difference 
in the incidence of reactions, they were forced to conclude that the basic 
dose which they employed was perhaps too high and that the children 
being treated in the hospital were receiving it as prescribed while those 
being treated m the outpatient department were not Concerning this 
they say 

We cannot but feel, however, that a specter is always present — that the 
entrusting of treatment to a prescription blank may shift the responsibility for 
treatment of an entirely helpless and dependent child to the hands of an irrespon- 
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sible parent cr guardian It is true that one can sense the irresponsible parent 
quickly, and we believe that he is an absolute contraindication to further acetarsone 
therapy The child with congenital syphilis has already paid too great a price 
for the 11 responsibility of one of his parents, no more should be expected of him 

The cerebrospinal fluid was examined in 102 cases, with positive 
lesults in only 2, m 2 others, howevei, there were clinical signs of 
neurosyphihs In 1 of these theie was said to have been an abnoimal 
leaction of the cerebrospinal fluid previously 

In the discussion the authors point out that there is no adequate 
experimental background for the determination of the toxicity and 
spirocheticidal effect of individual lots of acetaisone This is due, in 
part at least, to differences in the factois which influence absorption 
from the gastrointestinal tract of man and of expeiimental animals, 
but other reasons are probably also involved They feel that acetarsone 
by mouth is an active antisyphilitic agent, which is, however, less lapid 
in Its action than arsphenamine In clinical use they feel that a dosage 
based on weight is essential, but even with such a dosage reactions are 
not entirely prevented Nephiitic leactions occurring insidiously and 
suddenly are the greatest single drawback to tieatment with acetaisone, 
and it IS strongly believed that administration of the diug should not 
be lesumed after such a reaction 

The authors summarize the objections to this method of tieatment as 
follows 

The effect of acetaisone in ai resting congenital syphilis is inferior to that of 
arsphenamine and bismuth pieparations The incidence of reactions is high, 
acetarsone cannot be controlled by experimental studies of spirocheticidal action 
and toxicity in animals, and administration to outpatients is not assured 

ACQUIRED SYPHILIS IN CHILDREN 

Fiom several laige eastern clinics Smith has collected 125 cases 
of acquiied syphilis in children, 10 years of age oi younger, and has 
analyzed them fiom the standpoint of mode of infection This was 
attempted sexual inteicouise m 43, kissing m 15, household contact in 
14, tiansfusion in 9 and unknown (no data) in 44 Forty-five of the 
125 children weie admitted, from 1920 to 1937, to the pediatric clinic 
of the Johns Hopkins Hospital Comparing this number with the 1,025 
admitted foi congenital sjphihs over the same peiiod, he finds the 
latio of acquiied to congenital syphilis m childien under 10 }ears of 
age to be 1 23 Again compaiing this gioup with the 4,487 patients 
with eaily sjphilis admitted to the clinic for adults he finds that the 
latio of acquired syphilis in children to that m adults is 1 100 Acquired 

197 Smith, F R , Jr Acquired Sj^philis in Children An Epidemiologic 
and Clinical Study, Am J Syph, Conor & Ven Dis 23 165 (kfarch) 1939 
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syphilis IS probably moie common in children than is suspected 
Waugh also reviews the literature on acquired syphilis m children 
and analyzes the data on 35 children seen from 1931 to 1936 m the 
venereal disease clinic of the United States Public Health Seivice at 
Hot Springs, Ark Twenty-two children were between 5 months and 
10 years of age, 2 were 11 years old, and 11 were 12 to 14 years of 
age Only 2 of the group between 5 months and 11 years of age 
acquired syphilis through sexual intercourse, but all of the age group 
from 12 to 14 years of age acquired the disease through sexual exposure 
Schoch and Long^®^ report the observation of acquired syphilis in 4 
sisters 6, 8, 9 and 11 years of age All acquired syphilis from sexual 
exposuie to the same 17 year old boy 

SYMPOSIUM ON SYPHILIS 

At the 1938 meeting of the American Association for the Advance- 
ment of Science m Indianapolis, there was presented a symposium on 
S3^phihs consisting of thirty papers which have subsequently been pub- 
lished m monograph form Since the essayists m this symposium 
addressed themselves to reviews of assigned topics, there is compara- 
tively little emphasis on the presentation of original investigation A 
bibliography of each paper piesented is therefore not supplied, though 
the symposium, both because of its distinguished contiibutors and 
because of the nature of their contributions, is in itself a valuable 
review of the literature of syphilis 

A general introduction to the symposium and some consideration of 
the biology of syphilitic infection w^ere provided by Chesney Holcomb 
presented the evidence against the American origin of syphilis, and 
Pusey defended the opposite point of view^ The perennial debate as 
to the identity of syphilis and yaws w^as continued, wuth Butler uphold- 
ing the affirmative and Fox the negative Hudson discussed the signifi- 
cance of bejel Ingraham’s paper was concerned with S pallida and 
the etiology of syphilis, while Olsen discussed the life cycle of S pallida 
Turner piesented a description of the interrelationship between S pal- 
lida, Spirochaeta pertenuis and Spirochaeta cunniculi 

A description of experimental syphilis and of the tiansmission of the 
disease to animals and then clinical leaction to it was in the capable 
hands of Pearce, while Beerman discussed the problem of tieatment- 
resistant strains of S pallida 

198 Waugh, J R Acquired Syphilis of Infancy and Childhood Report of 
Thirty-Five Cases, Am J Syph , Conor & Ven Dis 22 607 (Sept ) 1938 

199 Schoch, A G , and Long, W E Acquired Syphilis in Children Case 
Reports on Four Sisters, Am J Syph , Conor & Ven Dis 23 186 (March) 1939 

200 Moulton, F R Syphilis, Occasional Publications of the American Asso- 
ciation for the Advancement of Science, no 6, Lancaster, Pa , The Science Press, 
1938 
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Eagle and Mendelsohn piesenled a summary of Eagle’s work on 
the spirocheticidal action of the arsphenammes on S palhda in vitro 
The immunity acquired in patients and the resistance acquired in the 
labbit were the subject allotted to Kemp, while Michelson piesented 
the newer conceptions concerning the pathologic aspects of syphilis 
From the clinical standpoint there were discussions of (1) methods 
for estimating the outcome of neurosyphihs (by O’Leary), (2) syphilis 
in pregnancy (by Beckh and Daily), (3) congenital neuios}phihs (by 
Deniiie), (4) cardiovascular syphilis (by Scott) and (5) the clinical 
aspects of syphilis m diagnosis (by Senear) 

The serologic aspects of the disease weie not slighted, and the pres- 
ent status of seiologic tests for syphilis was desciibed by Hartman and 
Yagle, while the inseparable serologic twins, Kahn and Kline, dis- 
cussed, lespectively, outstanding features of the Kahn antigen, and the 
Kline antigen foi the microscopic slide precipitation tests for syphilis 
Kolmei’s papei, howevei, was devoted not to a consideiation of his onn 
test but to serologic leactions in general and immunit}' in i elation to 
cussed, lespectively, outstanding features of the Kahn antigen, and the 
From the theiapeutic standpoint, Solomon discussed problems in 
specific and nonspecific tieatment of neuiosyphihs, Tatum deioted 
himself to some of the aspects of the chemotherapy of syphilis, and 
Wieder described the clinical status of the antisyphilitic diugs 

Untoward leactions to treatment weie discussed b> Kampmeici, 
and D C Smith attempted to evaluate the role of mteicuirent infections 
in untoward cutaneous reactions following the adminisliation of 
ai sphenamine 

The papei s on the public health aspects of syphilis control weie 
contiibuted by Wile and Pairan 

The volume in which this symposium is published is a valuable 
addition to the librarj of any ph}sician paiticularly inteiested in the 
field of syphilis 



News and Comment 


GENERAL 

Directory of Medical Specialists — The first edition of the Ducctory of 
Medical Specialists, listing approximately 14,000 specialists certified by the twelve 
American boards and the two affiliate boards in the specialties, will be issued 
by the Advisory Board for Medical Specialties in December It will be the 
official publication of the American Board for Medical Specialties and will con- 
tain, without expense to them, only the names of those specialists who have been 
certified by the American boards It is expected that the directory will be issued 
every two years 

The directory will contain three sections (1) a brief description of the 
Advisory Board for Medical Specialties, its organization and its objectives, (2) 
a description of the individual boards, with a geographic and a detailed biographic 
listing of their diplomates, the requirements for admission to their examinations 
for certification, the details of their organization and other general information, 
and (3) a complete alphabetic list of all 14,000 diplomates, with their addresses 
and indications of certification in their specialties 

The editorial board consists of the secretaries of the fourteen American boards 
Dr Paul Titus, 1015 Highland Building, Pittsburgh, secretary of the Advisory 
Board for Medical Specialists, is the directing editor 

The project is not designed to be profit making, hence the subscription price 
has been set at §3 50 a copy, which is computed to cover only publication expenses 
Subscriptions may be sent to the publication office, Columbia University Press, 2960 
Broadwaj'', New York, or to the office of the directing editor 


Notices 


CUMULATED INDEX OF THE ARCHIVES OF 
INTERNAL MEDICINE 

Requests have been received for a twenty year index; of the ARciiivrs 
or Internal Medicine Before serious consideration is given to the 
production of a cumulated index, it is desirable to know whether the 
demand for it would be sufficient to warrant its sale at not to exceed $5 
a copy It will be appieciated if those who aie inteiested in such an 
index will fill out and send the foim which appears below to the 
Managing Editor at the publication office, 535 North Dearborn Street, 
Chicago 


I SHOULD BE WILLING TO SUBSCRIBE TO A CUMU- 
LATED INDEX OF THE ARCHIVES OF INTERNAL MEDICINE 
AT $5 00 


NAME 

ADDRESS 


DATE 
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Fundamentals of Internal Medicine By Wallace Mason Yatcr, A B , Jvl D , 
AIS (in Medicine), Professor of Medicine and Director of the Department 
of Medicine, Georgetown University School of Medicine, Physician in Chief, 
Georgetown! Univeisity Hospital, Physician in Chief, Gallingei Municipal 
Hospital, Washington, D C, and Former Fellow^ in Medicine, the Mayo 
Foundation, Rochester, Minn, and collaborators Cloth Price, S9 Pp 1021 
wnth 255 illustrations and chaits New York D Appleton-Century Compain, 
Inc, 1938 

During the past few years a number of tevtbooks of internal medicine lia\e 
been presented to the medical profession All of them represent a great deal 
of painstaking w^ork and meticulous attention to detail on the part ot the autliois 
Many of them have been good — most of them acceptable — but is this effort woith 
the result that is attained? Is there need for this multiplicity of textbooks of 
internal medicine? By wdiat criteria shall we rank one above the other? 

Dr Yater states that this book is “designed piimarily for the introduction of 
students to the subject of internal medicine” This, of course, must be the func- 
tion of all such textbooks, and it is the necessity foi brevity that makes the 
selection of mateiial so impoitant If this necessity is kept in mind, Di Yatti 
has compiled a good book 

It IS written in semiouthne form, and the important data are set in hea\i 
black type Each section of the book is pieceded by an outline of the material 
contained therein and is follow'cd by a list of recommended texts for additional 
reading It is this extieme condensation of material that constitutes the greatest 
objection to the w'ork Most of the important points dealing wnth any disease are 
mentioned, but they are not and cannot be adequately discussed Syphilitic heart 
disease is coveied in three pages Pulmonary tuberculosis receives twenty pages — 
a generous allow'ance Diabetes mellitus is discussed in five pages 

By w'ay of contrast, almost one quarter of the book is devoted to a considera- 
tion of nervous and mental diseases and diseases of the e^'e and ear In mcw' of 
their adequate treatment elsewhere, one wonders if these subjects should be granted 
a place in a textbook of internal medicine 

It IS, perhaps, unfair to direct all this criticism at Dr Yatcr’s book w'hen it is 
equally applicable to similar books As an outline of internal medicine the work 
IS excellent An adequate discussion of disease wnll not be found here One 
cannot help but feel that Di Yater’s unusual abihtj should have been emplojed 
to better advantage than in the production of just another textbook of internal 
medicine 

Insulin Its Chemistry and Physiology By Hans F Jensen, Ph D Price, 
$2 Pp 252 New York Commonwealth Fund, 1938 

This monograph is a timely and important addition to the literature on insulin 
and carbohydiate metabolism The purpose of the authoi,.as stated m the preface, 
was “to give a comprehensive reciew of the latest developments in the chemical 
and physiological iinestigations of insulin” This purpose has been admirabh 
achieced 

In the first chapter the history of the incestigations wdiich culminated in the 
iccognition of the relation betw'een the islands of Langerhans and human and 
experimental diabetes is sure eyed, along w ith mention of some of the earh attempts 
to piepare actue extracts of the pancreas (some of these extracts undoubtedh 
contained insulin), wdiich were made prior to the successful solution of this problem 
by Banting and Best m 1921 After this are chapters on the preparation and 
purification of insulin, the chemistrc of insulin as elucidated by the stude of crcstal- 
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line insulin, the standardization of insulin, modes of administiation and pro- 
longation of the action of insulin by such means as admixture with protamines, 
the use of insulin substitutes, duodenal extracts and guanidine derivatives and the 
physiologic action of insulin 

The investigation of crystalline insulin, much of which has been done by Dr 
Jensen himself, indicates that it must be regarded as a t 3 'pical protein, the com- 
position of which does not differ markedlj’’ from that of an}^ other protein It 
lepresents “the first instance in which a protein possessing a specific phj^siological 
action has been obtained in crj'stalhne foim” and as such has become probably 
the most thoroughly investigated of all the proteins The results of these lesearches 
indubitably connect the physiologic action of insulin with ceitam chemical groups 
in the molecule, but attempts to associate physiologic activity with a special 
prosthetic group, like that in hemoglobin, have failed Seveial peptids containing 
some of the groups have been synthesized, but none of the synthetic compounds 
has possessed hypoglycemic activity 

To many the chapter on the phj'siologic action of insulin will be of most 
interest and importance Here fifty-four pages of text summarize the work 
reported in 624 papers, which are listed in fortj-fiie pages of bibliograph 3 ’' After 
consideration of this vast amount of material, the author takes the position that 
“neither the nonutilization nor the overproduction theor 3 ' can completel 3 explain 
the symptoms of diabetes” and that “carboh 3 drate metabolism is controlled by 
the physiological coordination of various actne agents in the bod 3 ” In 

regard to the action of insulin he says “The precise mechanism of the phvsio- 
logical action of insulin has 3 et to be full 3 ' explained” 

The bibhograph 3 is well selected and there are, in addition, both author and 
subject indexes 

Parasitology, with Special Reference to Man and Domestic Animals Bv 
Robert Hegner, Francis M Root, Donald L Augustine and Clay G Huff 
Price, §7 Pp 812 New York D Appleton-Centur 3 Compan 3 ', Inc, 1938 

This text is a revised edition of “Animal Parasitology” (1929) written by 
Hegner, Root and Augustine The text, over 700 pages, consists of an intro- 
ductory chapter on parasitism, a section of fifteen chapters on protozoolog 3 by 
Robert Hegner, a section of sixteen chapters on helminthology bv Donald 
Augustine and a section of twenty-two chapters on the arthropods of parasitologic 
importance by the late Francis Root, revised b 3 ' Cla 3 ' Huff The text has been 
levised for the use of students in colleges, universities, medical schools and schools 
of h 3 "giene, public health and tropical medicine 

In most instances the material contained in this treatise is accurate In an 
attempt to include information with regard to the less important parasites the 
authors have neglected the more impoitant phases of parasitolog 3 This is 
especially noticeable in the chapter on amebas Se\en pages have been devoted to 
the amebas of lower animals and seven pages to the methods of obtaining and 
preparing the parasites for study Of the latter, six pages are de\oted to the 
iron-hematox 3 din method of staining and to the culture of amebas Both of these 
procedures are too technical for the audience for whom this book is intended 
The proceduies for diagnosis and treatment are in instances too abstract 

Because of the broad ^cope of tins text, with special leference to lowei animals, 
it will probably not be used as a stud 3 '^ guide for medical students Howevei , 
because of its voluminous bibliography and comprehensive treatment of the subject 
matter it is recommended as a reference for that group 

What a University President Has Learned By A Lawrence Lowell, Presi- 
dent Emeritus of Harvard University Price §1 75 Pp vi -f ISO New 
York The Macmillan Company, 1938 

This book contains eight short essa 3 's which should be read by an 3 ' one 
interested in education Mr Lowell’s way of sai'ing things is clearcut and positn e, 
and what he has learned as a universit 3 " president is worth reading 
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Although none of Mr Lowell’s discussions deal pninarih with the problcni'- 
of medical education, he has many wise and witty remarks about education in 
general that are applicable to medicine To readers who enjoj a pungent, almost 
epigrammatic style the book will be a constant delight Sentences like these arc 
typical “In mental as in physical instruction the question is largch one of appe- 
tite and of how this can be whetted ” “Examinations like most human things 
are imperfect and their results are only approximate ’’ “The choice of a career 
is less important than is commonly supposed Much the same qualities are required 
in all professions and in all kinds of business — intelligence, good judgment, fair 
dealing and above all diligence with a determination to make good by work well 
done Without these a man rarely succeeds in any career, with them there arc 
an abundance of niches in almost every serious occupation ’’ 

All medical students and their teachers will find these essays stimulating 

Iodine Metabolism and Thyroid Function By A W Elmci, MD Price 
$10 Pp 605, with 23 figuies and 86 tables London Oxfoid Uni\cisit\ 
Press, 1938 

This book IS an excellent review of the subject of iodine metabolism and 
includes a lengthy and compiehensive bibliography in which references as recent 
as 1938 may be found 

After a brief historical introduction the various methods of iodine determina- 
tion are presented The lemainder of the book is divided into two sections, in 
which are discussed the physiology and the pathology of iodine metabolism The 
author not only is thoroughly conversant with the expeiimental and clinical lescarch 
in this field but has made a number of noteworthy contributions as a result of 
his own investigations He describes in detail and evaluates the experimental 
work dealing with the various aspects of iodine metabolism, especially as i elated 
to the thyroid gland Disputed questions are presented impartially, and the 
oppoitunities foi further investigation are indicated 

The book represents a vast amount of careful studv and should be cxticnicly 
valuable as a summary and rcfeience to the biochemist and the physiologist, as 
well as to the clinician who is interested in fundamental problems related to the 
thyroid gland 

Scarlet Fever By George F Dick, MD, Professor of Medicine, University of 
Chicago, and Gladys U Dick, MD Puce, $2 Pp 149, with 8 coloied 
plates and 4 charts Chicago The Year Book Publishers, Inc, 1938 

This small monograph is w^ell done It tells the storj^ of scarlet fever deal h 
and in a readable fashion The book starts wnth a history of scailet fe\ci , chapteis 
follow dealing wnth the etiology of the disease, its pathologv, its clinical mani- 
festations and its diagnosis, prognosis and treatment 

Naturally the authors have a good deal to say about cutaneous testing, suscep- 
tibility to scailet fever, immumration against the disease and antitoxin treatment 
for it The volume ends w'lth an excellent list of references to current literature 
Finally, there is a good index 

All medical students will like the book, and general practitioneis, too, wall find 
it loadable if they wish to brush up on wdiat is knowm of scailet fever The eight 
colored plates are good If one w^ere critical one might object to the two depicting 
the “straw'berry” and the “raspberry” tongue, but, on the whole, e\ er\ one i ealives 
that the authors know' scarlet fever as well as the disease can be knowm It is a 
pleasure to have their view's so clearl}’- and simply presented 

Kaffee und Kaffein Bj O Eichler, M D Price, 8 70 marks Pp 160 Berlin 
Julius Springer, 1938 

This book contains the material presented in the symposium on coffee and 
caffein at the meeting of the German Pharmacologic Societv in Berlin in 1938 
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The original papeis by W Straub, O Eichler and W Stepp appeared in Nannyn- 
Schimedebetgs Aiclnv fui evpctimenteile Pathologic und Phanmlologie (190 
118-170 [Sept] 1938) Aside from the exhaustive way in which the literature 
in the field is presented (484 references), the chief value of the book lies in the 
highly critical way in which the author attempts to evaluate published and often 
accepted “facts” and in his presentation of unsolved problems 

The book has chapters on the history and preparation of coffee as a beverage, 
on the actions of coffee and caffein on the central nervous system, circulation, 
kidnej's, metabolism and organs of lepioduction and on caffeimsm and tolerance 
There is an interesting discussion of the action of caffein during muscular exercise 
This publication is timelj% since the subject has — to the knowledge of the 
leview'ei — not been presented in comprehensive foim since T Bock’s article in 
Arthur HeffteTs “Handbuch dci experimenlellcn Pharmakologie” (Beihn Julius 
Sprmgei, 1920) 

Physikalische Therapie By H Lamport Puce, 15 lUdiks Pp 250 Dres- 
den Theodor Steinkopff, 1938 

This IS the tw'enty-fifth volume of a series of monographs on \arious subjects 
for the “practicing physician” The subject of this \olumc is phjsical theiapv 
The author has covered the entire field of phjsical treatment, which has now 
attained extensive proportions Accordinglj, m a 250 page monograph it is 
possible to include all the developments in this type of therapy in compendious 
form only Whereas such a condensation obvioiislj lesults in loss of certain 
details, neveitheless the book is of value to the general practitionei as a leference 
and as a means of lapidlj obtaining general information concerning thifevtypc of 
therapv 

The rationale of the various foiins of physical thciapj, such as hvdrothciapv, 
massage, exercise, application of light and of radium and elect! otherapv, is dis- 
cussed brieflj' Their indications and technics are described The book is pro- 
fusely illustrated with charts, diagrams and photographs A complete index, in 
W'hich the prominent subjects arc printed in bold tvpe, is helpful A more complete 
bibliography would increase the value of the book as a reference 

Le duodenum, atlas de radiologie clinique By P Cottenot, Alax Levj 
and E Cherigie Price, 285 francs Pans, France Gaston Dom &. Cie, 1938 

This study of the duodenum, presented in atlas form, includes all of the diag- 
nostic problems, frequent and rare, which the clinical roentgenologist may 
encounter in his daily practice The roentgenograms shown aie supplemented bj 
self-explanatory diagrams, ample text and, in some instances, case histones 
A^dequate attention is given v'ariations of the normal duodenal picture, anomalies, 
changes engendered by extraduodenal pathologic conditions, changes resulting 
from pressure of neighboring structures, diverticula, stenosis, duodenitis, tumor, 
ulcer and postoperative conditions of the duodenum 

The occurrence of definite clinical manifestations attributable to diverticula is 
contrary to general experience Functional conditions, although they are discussed 
in relation to other topics, are not given a sepaiate chapter, which their impoi- 
tance, in my opinion, justifies 

This work should be of definite practical value to loentgenologists 
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PERIARTERITIS NODOSA 

REPORT or A CASE 

REGINALD FITZ, MD 
HARRY PARKS, MD 

AND 

CHARLES F BRANCH, MD 

BOSTON 

Peiiaiteiitis nodosa is a baffling disease Many clinicians agice 
with Kiissinaul and Maiei ^ that its prognosis loo often is obMOus long 
before its diagnosis can be established 

A voluminous liteialure describing peiiaiteiitis nodosa has accumu- 
lated since Kussmaurs day, so bulky a liteiatuie, in fact, that to lepoit 
anothei case seems scaicely excusable We have had occasion, houevei, 
to study a patient ^Mth peiiaiteritis nodosa dm mg twent) months of 
almost continuous hospitalization and (thiough many fi lends who saw 
hei) to develop a lecord of hei case which we behe\e gives a faiily 
complete account of the evolution of the disoidei in this paiticulai 
instance fiom eaily m its couise until the end The entne affaii was 
peculiai enough to be inteiesting Some of the obsenations made do 
not appeal to have been lepoited m othei cases on recoid Finally, any 
light that can be shed on peiiaiteiitis nodosa ma) pioie helpful to 
futuie patients 

REPORT OF CASE 

IM K, an attendant nurse, was 37 jcars old at the time of her deatli She 
felt perfectly well until September 1928, ek\en jears before her illness terminated 
After ndmg in the wind one day she noted a paralysis of the right facial ncr\c 
She could not remember how incapacitating this was, later, as she recalled the 
episode, she remembered the development of a sensation of qunenng and stiffness 
of the muscles of her face without anv particular weakness of the muscles of 
mastication or expression and a continued sensation as though eieri moiemcnt of 
her face Mere under a skin ivhicli had been freshb sunburned 

From the Robert Dawson EYans Alemonal for Clinical Research and Pre- 
ventive Medicine 

1 Kussmaul, A , and Maier, R Ueber erne bisher nicht beschnebene cigui- 
thumliche Arterienerkrankung (Periarteritis nodosa), die mit ^forbus Bnghtii und 
rapid fortschreitender allgemeiner Aluskellahmung einhergeht, Deutsches Arch f 
klin Med 1 484-518 (Feb ) 1866 
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In 1929 this sensation spread to involve the other side of her face Persons, 
however, would laugh at her when she said she had “facial paralvsis,” for the 
expression of her face seemed natural, and there was no obvious muscular weak- 
ness or atrophy 

In 1931 she began to notice what she termed a quivering feeling m her legs 
at night when she lay down She could not find a comfortable position for her 
legs There was no actual pain but a jerkiness of the small muscle bundles 

In the fall of 1934 she noticed that her legs were quickly fatigued and began 
to ache when she climbed stairs and that her feet felt numb and unreal Pres- 
ently her legs began actually to hurt when she used them, to swell and to show 
red spots when she stood up much Finall}, for no reason that she knew, she 
began to have bouts of diarrhea These were painless and consisted in the 
passage of about three normal-looking stools each day 

There was no tuberculosis in the iarml} She had never been seriousl}' ill 
After graduating from high school she worked as a clerk in a factory office 
She had a course of training in the Emerson Hospital in Concord, Mass , and 
since 1933 had been doing private nursing almost constanth 

It may be significant that in 1926 and again in 1929 she had an attack of 
tonsillitis Both attacks were severe, with each there were fe\er, malaise, pros- 
tration and about a week’s illness in bed followed bv a week’s convalescence before 
she felt like going back to work There was no more evident relation than this, 
however, between the tonsillitis, the “facial paraljsis” and the muscular weakness 
and soreness of which she complained 

Three other points are worthv of comment For several years she had 
noticed that her ej^es failed to accommodate promptly If she glanced at a near 
object after looking at a distant object there would be a few seconds of blurring 
until accommodation occurred This difficulty was not corrected by glasses It 
bothered her because she herself had noticed the development of this peculiarit> 
and she wondered what it meant 

She had had good teeth, but since 1933 the}' had been too soft, her dentist told 
her that something was wrong with her metabolism and that this made her 
teeth undul} susceptible to decay 

Finallj, since 1933, or for about a 3 ear before she came under medical super- 
vision, she had been plagued by an irritating, tickling Ape of chronic cough It 
reminded her of whooping cough without the wdioop, and cough as she would, she 
could raise nothing She had painted her throat, had tried various “cough medi- 
cines,” all without benefit, and on the whole had found nothing helpful 

It was -with a story as indefinite as this that kl K consulted Dr Richard 
Stetson of Boston in November 1934 She was worried about the wa}' she felt, 
about her cough and about the manner in w'hich her legs misbehaved, she w'on- 
dered how serious an illness she had and whether it would become increasingly 
incapacitating 

Physical examination at that time revealed no abnormality except m the 
nervous system The pupils were irregular and fixed to light There w'as lateral 
nystagmus The tongue deviated to the left The arm jerks were exaggerated, 
the right being livelier than the left The abdominal reflexes were absent, as were 
the ankle and knee jerks There w'as no Babinski sign Sensations of position 
and vibration in the feet w'ere poor, and there was a definitely positive Romberg 
sign There was hypesthesia of the stocking type over the lower parts of both 
legs Disturbances in sensation were much more notable than were motor 
disturbances 



flTZ ET AL -PERIARTERITIS NODOSA 


1135 


Thereafter the disease followed a zigzag course The patient was studied from 
time to time in various hospitals, and it is interesting to realize how varied were 
the opinions oflered as to diagnosis (table 1) These reflect fairl\ well what 
happened to the patient subjectnel} 

At first the clinical picture was that of an ill defined, diffuse disease of the 
nervous system, not following anj definite rule and seemingh better classified as 
possible multiple sclerosis than anything else Presenth, howeier, there dec el- 
oped a beefy red tongue, with this there occurred intermittent attacks of diarrhea, 
the conditions being superimposed on what looked more and more like peripheral 
neuritis Thus the question of avitaminosis and nontropical sprue arose In 1934 
bouts of fevei began to occur, and at times a transitory cutaneous lash would 
appear The cutaneous lesions w’ere canousb described as ercthema, as urticarial 
W'heals, as papules which made one think of insect bites or e\en as frankh pur- 
puiic spots In the fall of 1936 the patient w-as obserced at the Peter Bent 

Table 1 — Diagnoses Suggested at Vanoiis Hospitals in the Case of a Patient 

With Eatly Pcnaitentis Nodosa 


Ilospitlll 1 
November 1934 

llospit.il 2 
Maich 1035 

Hospital 3 
June 1935 

Hospital 4 
Julj 1935 

Hospital 5 
robruary 19JG 

Hospital 0 
Not ember 1930 

? Multiple 
EClcrOElS 

’ Multiple 
sclerosis 

’ Multiple 
sclerosis 

3Iultiple 
neuriti® (cause 
undetermined) 

’ Nontropical 
sprue 

Erj thro 
iiitiulgiu 


? Nontropical 
sprue 

? Avitaminosis 


” Syphilis of 
the central ner 
\ous sjstem 

’ AMtaininosis 

’ Rajnaud s 
disc ise 

’’Ihromboangi 
Itis oblitcr in- 




Treatment 

A 


’ Multiple 
neuritis (cau'c 
undetermined) 


f 

Antisprne 
diet, liver 
evtract, lilgli 
vitamin diet 

revet tlienpj' 

Antis\ philitic 
therapy 

Anti'^prue diet, 
liver ovtract 
high \itamln 
diet, tonsil 
lectomj 

High caloric 
diet, high 
titaniin diet 


Biigham Hospital Dr H A Christian, of all who saw’ hei, came neaiest to 
making the coriect diagnosis Pie belieced that all her difficulties w’eie piobably 
on the basis of a vasculai distuibance He thought that she gace a fairly con- 
sistent history of intei inittent claudication and that the redness of the feet of which 
she then complained w’as not unlike that described by Wen Mitchell as erUbio- 
melalgia It was his opinion that the neuntic manifestations were secondarj to 
some form of casculai disease 

The intermittent natuie of the disease, with certain definite exacerbations and 
1 emissions, is w’ell illustrated by the patient’s w’eight chait during the course of 
her illness On the w'hole, the remissions W'ere of short duration and b\ no means 
complete The course of the disease appeared slowl\ progiessue The piognosis 
W’as obMOus mail} months before the diagnosis was established 

The patient entered the Robert Daw’son Eians ifemorial on iMarch 15 1937 
and stajed there almost continuousl}- until her death, in No\ ember 1938 It was 
not until January 1938, or ten months after her entr\ that the diagnosis of peri- 
arteritis nodosa was established The manner m which this came about is of 
some interest 
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In the Robert Dawson Evans Memorial, as elsewhere, a great manv diagnoses 
were suggested The clinical picture was striking enough , the patient had 
peripheral neuritis, intermittent bouts of fever with abdominal cramps and diar- 
rhea, cutaneous lesions that came and went and a beefy red tongue Yet for a 
long time no one had sufficient clinical imagination to correlate all these findings 
logically under the definition of one disease 

In August Dr T J C Von Storch suggested that the patient might ha\e 
h3'pertrophic interstitial neuritis and that a bit of the peroneal nerve be excised 
for biops}" When this was done, the neuropathologists w'ho were consulted agreed 
that the excised nerve did not show changes characteristic enough to substantiate 
the diagnosis 

The patient was badly discouraged She seemed to be making no headwa}" 
and vv'as read} to trv anjdhing She had been examined repeatedlv in the hunt 
for possible foci of infection Since the shadow of the gallbladder was not 
visualized after intravenous injection of dje. Dr Howard Clute agreed to 
abdominal exploration m the hope that removal of a possible focus of infection 
such as a diseased gallbladder, might be followed bj a remission such as had 


Table 2 — JVcight Cvive m Pcnaifeitits Nodosa, lUusiiatiug flic Relapsing 

Natui c of the Disease 


Date 

Weight, Ivg 

1933 

71 

1934 

GS 

1935 

49 

Tonsillectomy 

1930 

01 

1937 

01 

1938 

47 

1938 

SO 

Clioleejsteetomj 

1938 

40 


occurred earlier, after tonsillectomy On entering the peritoneal cavity he dis- 
cov ered a gallbladder with manv stones m it, which he remov'ed , he also performed 
incidental appendectomj He described the stomach and the upper part of the 
duodenum as seemingly edematous and containing multiple areas of hemorrhage 
throughout and the transverse and descending colon and cecum as diffusely injected 
and shghtlv thickened The significance of these findings was not realized at the 
time 

Comment — In retrospect two unrelated episodes stand out as being 
peitinent to the case Not long ago one of us attended a clinical-patho- 
logic conference at the Massachusetts General Hospital Di J H 
Means leinaiked. as the record of a patient whom he had seen m life 
w as discussed b} one of the } oungei clinicians how much easiei it often 
IS to make biilliant diagnoses from a “papei case” than in leality This 
certainly was true in the case of M K As one leads the recoid it seems 
pecuhail}' stupid in the light of the correct diagnosis that foui years 
should have been necessary to establish it In clinical medicine, as m 
other things, hindsight is often better than foresight 
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For twenty-five 3 ^eais Di H A Christian has lepeated o\er and 
ovei to his interns and residents that in ordei to remain keen and with 
sharpened AMts they must read old medical liteiatine, cuiient medical 
literature and all othei kinds of medical liteiature The ^Msdom of this 
advice also is well illustiated by the case of M K 

In Januaiy 1938 a leview on peiiarteiitis nodosa was submitted to 
the Editoiial Boaid of the Ai chives of Intciml Medicine b} Di Linn J 
Boyd of New Yoik Thus one of us was piesented so to speak, with the 
diagnosis of M K ’s disease in a neatly labeled package, foi as 
Di Boyd's leview \\as studied it \\as obvious that the diagnosis of 
peiiaiteiitis nodosa fitted kl K ’s ston^ perfectly The gallbladdei, 
appendix and peiipheial nene sections weie reexamined, each showed 
chaiacteiistic lesions of peiiaiteiitis nodosa, and thus the piopei diag- 
nosis was finally detei mined During the patient's subsequent stay m 
the Robeit Dawson Evans Memorial she went do\Mihill gradually and 



Fig 1 — Increase in transverse diameter of the heart shadow A, roentgenogram 
taken in November 1936 The aorta was 4 7 cm in diameter, and the width of 
the heart was 10 6 cm B, roentgenogram taken in November 1937 The aorta 
w'as 5 5 cm in diameter, and the wndth of the heart w'as 11 cm C, roentgeno- 
gram taken in No^ ember 1938 The aorta measured 5 5 cm in diameter, the wndth 
of the heart w^as 16 2 cm , and the heart w'eighed 460 Gm 

at last died A vaiiety of bactei lologic studies earned out in an attempt 
to discovei some cause foi the disease gave entirel) negatne lesults 

At necropsy the most striking single feature w'as the fact that in almost e\er\ 
section of every tissue examined one could observe periarterial lesions at all 
stages of their development earlj degenerative lesions, acute iiiflammator\ lesions 
and chronic or healed perivascular infiltrations around small blood \essels The 
initial inflammator\ lesion appeared to be acute, with neutrophilic infiltration 
This was followed b} infiltration of hmphoc 3 tes or eosinophils and e^entuall^ 
by the de\elopment of dense fibrous pernascular scarring Apparently the process 
w'ould begin in one small arterj, run its course, de\elop in a neighboring ^essel and 
run Its course, and whate^er caused the disease obe\ed no set rules or regulations 
Thus It w'as that the patient presented manifestations of a peculiar, slowly pro- 
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gressive and at times intermittent disease in practically every system of the body, 
strikingly in the circulatory system, the renal system, the gastrointestinal tract, the 
nervous svstem, the hematopoietic system and the skin 

Clinically the heart sounds ahva 3 ’^s were normal so far as signs of valvular 
disease were concerned and their quality was not abnormal The cardiac rate, as 
in Kussmaul and klaier’s case, tended persistently to be rapid As time went on 
the heart enlarged to a surprising degree, and despite the fact that the heart 
muscle was diseased signs of congestive failure or of pain in the heart did not 
derelop, nor did striking electrocardiographic changes occur 

The almost spectacular manner in which the cardiac shadow enlarged is well 
illustrated by roentgen measurements Until Januar 3 ' 1938 there was little change 
But from then on something occurred to make the heart shadow' increase in 
size rapidl 3 ', as manifested b 3 ' a progressive change in transverse diameter from 
12 cm in Januarv to 16 2 cm in November 

Electrocardiographically all that happened at first to suggest heart disease 
were transitor 3 changes in the T wa\e in lead I, this wa^e w’ould become almost 



Fig 2 — Graphic representation of the progressne increase m the diameter of 
the heart shadow' as measured roentgenographically 

isoelectric for a time, later to re\ert to its normal shape Even three w'eeks 
before death, when a notable change in the state of the heart had occurred, the 
tracing still was essentially normal The last tracing, taken shortlv before death, 
showed clearcut abnormalities in the T wa^e and in the S-T segments 

That no significant congestne failure occurred is show'n b 3 ' the fact that in 
February 1938 the \enous pressure was 55 cm of water and m November, three 
W’eeks before death, it was 82 cm of water In August the v'ltal capacity w'as 
2,800 cc , and in November, 2,200 cc There never was orthopnea On the whole, 
despite the fact that organically the patient had advanced disease of the heart 
muscle, she had little to show for this in the vva 3 ’ of symptoms or signs 

The heart weighed 460 Gm The mvocardium throughout was firm, dense and 
fibrous, cutting with difficulty Scattered through it were numerous irregular 
areas of dense gra 3 fibrous scar tissue averaging 2 to 3 mm m diameter and 
iiaving a shottv feel due to areas of old perivascular infiltration The larger 
coronar 3 branches, however, showed no irregular beading or distinct morphologic 
change, and their interior was smooth and glistening The valves were normal 
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llistologicallj', surface sections through \anous portions of the heart showed 
varjing degrees of organizing pericarditis The mesothehal cells were for the 
most part intact, but at occasional points the pericardium ■\^as roughened b\ torn 
fibrous adhesions consisting of rather highh vascular old connective tissue infil- 
trated vith and containing small clumps of l\mphoc\tes and plasma cells Else- 
where the pericardium presented small areas of contracture in which the many 
newly formed capillaries vere markedly engorged and the edematous, relatively 
recently formed connective tissue was heaMly infiltrated with hmphocytes, plasma 
cells and monocytes, many of the last-mentioned cells containing hemosiderin 
There were also occasional eosinophils The larger coronary branches in the peri- 
cardium show^ed \arying degrees of endothelial thickening of their intimas and 
fibrosis of their walls, particularly in the region of the adventitia On pro- 



Fig 3 — Electrocardiographic changes during the course of peiiarteritis nodosa 


grossing through the m}ocardium extensne areas of old fibrous scars and a few' 
small areas of more recently formed ischemic necrosis were encountered The 
connectue tissue throughout was edematous and infiltrated with small numbers oi 
hmphocjtes and endothelial cells Nothing resembling Aschoff bodies w'as seen 
The smaller arterioles showed a Aar\mg picture In places their lumens were 
practically obliterated by endothelial hyperplasia of the intima, fibrosis of the 
media and profound fibrosis of the adtentitia About such yessels were rare 
lymphocytes Rare small arterioles were present showing alteratne degenerative 
changes In these the intima y\as lined with fibrin, the endothelium yvas edematous 
and there were a necrotizing process of the media and adyentitia and surrounding 
edema There yvas no cellular infiltration The aorta shoyyed a fibrous and hyaline 
thickening of its intima, beneath yvhich yyere small deposits of atheromatous 
material Its media yvas intact and shoyved no histopathologic change in the 
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sections at hand Its ^asa vasora, however, showed granulating and healed 
arteriolar lesions In none of the blood vessels examined were any aneur 3 sms 
observed grossly or microscopically 

The blood pressure behaved surprising!}' Little by little it tended to become 
elevated, but there was a cyclic course to its curve, as though whatever caused 
hvpertension would do so in bouts and suggesting that when the stimulus to 
h} pertension was relieved the blood pressure rev'erted to normal 



Fig 4 — Healed lesion of periarteritis nodosa from the interventiicular septum 
near the apex of the heart, showing extreme scarring of the entire wall and frag- 
mentation of the elastica, with little regenei ation, and proliferation of the intima 
Only laie acute lesions were observed in the heart X about 177 

That the kidneys had much to do with the level of the blood pressure and 
the eventual development of persistent hypertension is suggested by the changes 
that developed in these organs 

The combined weight of the kidnejs was 260 Gm On section, the surface of 
each was irregularly pitted, the interv'ening nodular areas standing up as pale 
pinkish or yellowish gray zones averaging 5 mm in diameter The normal 
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relation between the pyramids and the cortex was distorted though reasonably 
well preserved At the upper pole of the right kidney was a small area having 
all the characteristics of a single infarct The capsule was firmly adherent The 
pelvis showed somewhat thickened epithelium, and the ureter was thickened and 
dilated The renal arteries and veins were thickened but showed no atheromatous 
plaques or marked narrowing of their lumens The large artery as it entered 
the hilus was fully two-thirds obliterated by dense fibrous thickening of its intima, 
which had m places torn or made irregular the underlying internal elastic mem- 
brane About this vessel there was also considerable perivascular scarring 

Sections through various portions of the kidney showed varied pathologic 
change All four phases of vascular lesions were present, and the pathologic 
picture of the adjacent parenchymatous units was directly predicated on the type 



Fig 5 — Varying phenolsulfonphthalein excretion and blood pressure curve 
during the course of periarteritis nodosa 

of vascular lesion with which it was associated The old healed lesions obvi- 
ously created areas of dense scarring similar to healed infarcts the acute lesions 
caused acute glomerulitis or acute interstitial nephritis with destruction of the 
included tubules In little involved areas the tubular epithelium was swollen, 
stained faintly acidophihcally and showed various stages of karyolysis and kary- 
orrhexis The collecting tubules almost uniformly contained hyaline or granular 
casts and not infrequently blood casts Many seemingly intact and functional 
glomeruli were present Others showed some capsular proliferation or fibrous 
thickening of the glomerular tufts In general the efferent and afferent arterioles 
were intact, but where thev were involved in necrotizing arteriolitis the glomerulus 
showed a picture either ot acute hemorrhagic glomerulitis or of profound neutro- 
philic infiltration 
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Clinically this peculiar renal lesion appeared to be characterized by exacerba- 
tions and remissions of transitory attacks of acute nephritis The urine from 
time to time contained varying degrees of albumin, and a few red or white 
cells would appear in the sediment There never was any increase in the nonprotein 
nitrogen content of the blood Renal function, however, as judged by the excre- 
tion of phenolsulfonphthalein, varied tremendously Presumably, had the process 
kept up long enough, terminal renal insufficiency would eventually ha\e de\ eloped 



I'lg 6 — Section of the kidnej, showing focal glomerulitis resulting from acute 
peiiarteritis nodosa involving the afferent arteriole Note the ummolved glomerulus 
near by Both kidneys showed numerous earlj'-, advanced and healed lesions of the 
smaller arterioles, with concomitant involvement of the affected parenchjuna The 
mam artery at the hilus was reduced by healed lesions to one-third its normal size 
X 144 


In this particular instance, how^ever, betw'een the attacks of what amounted to 
acute nephritis due to the vascular disease enough normal renal tissue w'as left 
to maintain good renal function 
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The increased capillary resistance resulting from periarteritis of the smaller 
renal vessels was probablj an important factor in the development of hypertension 
Possibly the intermittent nature of the hypertension was due to patchy destruction 
of the lenal cortex This causation is in line with Goldblatt’s experiments 
The intestinal lesions were striking Clinically, as has been stated, the patient 
complained of intermittent attacks of pain and diarrhea These attacks might or 
might not be accompanied by fever Repeated roentgen examination of the 
gastrointestinal tract revealed no evidence of intrinsic pathologic change The 
stools ne\er contained anything abnormal and for the most part gave no evidence 
of loss of blood , occasionally a moderately positive reaction to a benzidine test 
would be reported That the patient was able to absorb ordinary foods was 
appai ent because, as the weight curve revealed, she gamed weight after tonsillectomy 
in 1936 and after cholecystectomy in 1938 While she was under observation, 

Tablc 3 — Behaviot of Gaslnc Hydi ochloi ic Acid 


Cc of Tenth Xonnal Acid per ICO Ce of Gastric Juice 

-K ... 

Minutes After Alcohol Meal 


Date 

Fasting 

15 

30 

45 

July 31, 1935 

29 

ss 

SO 

()0 

April 0. 1937 

41 

41 

4(> 

55 

Aug Is, 1937 

15 

10 

34 

14 

June 2, 193S 

0 

0 

38 

29 


Date 

April 13, 1937 
Sept 4, 1938 


Table 4 — Sitgai Toleiance Tests 


Blood Sugar, Mg per 100 Cc 
^ ^ 
Fasting % Hour 1 Hour 2 Hours 3 Mours 

76 13S IGl 99 120 

91 153 211 181 142 


however, there developed a diminution in the abiht}’’ of the stomach to excrete free 
hydrochloric acid m response to an alcohol test meal, the dextrose tolerance appeared 
to dimmish and she continually lacked vitamin C 

The behavior of the gastric h>drochloric acid is shown in table 3 
Two dextrose tolerance tests were completed, one in April 1937 and one in 
September 1938 The results were so unlike as to be worth mentioning 

The concentration of ascorbic acid in the blood always was below 1 mg per 
hundred cubic centimeters, and in September 1938 a saturation test carried out 
according to the technic of Wright, Lihenfeld and MacLenathen ^ revealed only 
46 per cent excretion, in contrast to a normal value of about 90 per cent 

The protein metabolism appeared to remain normal The nonprotein nitrogen 
content of the blood did not become abnormally low, and, more important still, 
the plasma proteins showed relatively little change To be sure, there was a slight 
falling off in the albumin content of the plasma, but never enough to cause 
reversal of the albumin-globulin ratio or a critical fall in the total protein level 

2 Wright, I S , Lihenfeld, A, and MacLenathen, E Determination of 
Vitamin C Saturation, Arch Int Med 60 264-271 (Aug ) 1937 
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The data given in table 5 appeared to us of considerable interest One gets 
the impression that the patient could not store vitamin C, although she was 
able to absorb proteins and sugar normallj’^ We attempted to determine whether 
she was able to absorb fat normally by employing 500 cc of 20 per cent cream 
as a test meal and estimating the cholesterol and fat concentration of the plasma 
at later intervals Unfortunately some of the fat meal was vomited, so that the 
results of the test are not wholly convincing However, the figures are reported 
for what they may be worth One gets the impression that some of the fat, at 
least, was normally absorbed Why was it that in an intestine capable of absorbing 
protein, fat and sugar comparatively well, vitamin C seemingly should ha've 
been absorbed with difficulty? 

The appearance of the intestinal tract was striking It is remarkable that 
so few symptoms developed in the presence of so extensue a lesion 

Table 5 — Level of Plasma Piotein m Giants Per Huttdied Cubic Ccntimetci s 


Date 

Total Protein 

Albumin 

Globulin 

April 12, 1937 

C4 

4 7 

1 7 

Nov 29,1937 

7 G 

4 0 

30 

Apnl 5, 193S 

7 7 

4 9 

2S 

June 10, 193S 

7 5 

51 

24 

Aug 19, 193S 

7 1 

39 

3 2 

Oet 21, 193S 

C2 

8 5 

27 



Table 6 — Pat Tolciancc Tcsl/ Oct 

3, 193S 


Blood Cholesterol, 

Total Pat Content of Blood, 


Jig per 100 Cc 

Mg per 100 Cc 

Pasting 

141 

442 

2 houis 

1G7 


4 hours 

171 


G hours 

133 


8 houis 

1G2 



* rue hundred cubie centimeters of 20 per cent dextrose vns cnen bj mouth 


The rugae of the stomach were poorlv defined Near the pjlorus were two 
minute patches, each approximately 1 cm in diameter, oxer wdiicli the mucosa 
w^as flattened Beginning with the duodenum and extending through the small 
intestine and the entire colon w^as thickening of the intestinal wall by edema The 
mucosa presented hundreds of ulcerative lesions in all stages of formation 
The early lesions averaged about 1 cm in diameter, were round and w'ere no moie 
thickened than w'as the surrounding mucosa The next most advanced lesions 
were oval and circumferentially arranged, almost but not quite encircling the 
intestine These lesions averaged 2 5 cm in length and 1 5 cm in width and were 
eroded, over them the serosa w^as thickened, telangiectatic and not infrequentlj 
roughened by wisps of yellow^ fibrin The most extensive lesions w^ere an accentua- 
tion of this process Sometimes the advanced ulcers measured 4 5 cm in length 
and 2 cm in wndth They showed no heaping up or induration of their edges 
They had irregular nodular bases The}-^ were limited peripherally by a broad 
zone of necrotic mucosa, and the entire intestinal w'all and the overlying peri- 
toneum w^ere involved in the lesions Yet there w'as no evidence of perforation or 
near perforation in anv of these areas 
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Sections through the esophagus and the cardiac end of the stomach showed 
marked submucosal edema throughout Although the esophagus was grossly normal, 
It showed foci of necrosis of the surface epithelium, beneath which there was 
definite infiltration of lymphocytes, eosinophils and rare monocytes The blood 
and lymphatic vessels were distended The arterioles of this section, particularly 
in the region of the serosa, showed definite early degenerative changes The 
adjacent (cardiac) end of the stomach showed massive coagulation necrosis, 
the mucosa, submucosa and muscularis being only faintly outlined Extensive acute 
arterial lesions were present, varying from edema, swelling and necrosis of the 
wall to massive neutrophilic infiltration Areas of frank necrosis of the muscularis 
w’ere present, heavily infiltrated with neutrophils, particularly m the periarterial 
region, about such areas the capillaries ivere markedly engorged 

Section throughout the small and large intestine corresponded more or less 
identically with the gross anatomic findings The early mucosal lesions W’ere 
associated wuth early arterial lesions, while the more advanced mucosal lesions and 
frank erosions w'ere associated with definite areas of acute arteritis Many of the 
larger mesenteric arterioles w'ere partial!} occluded by recently formed fibrin 
thrombi Their media and adventitia were edematous, contained fibrin and were 
heavily infiltrated with neutrophils, eosinophils, endothelial cells and lymphocytes 
There w'ere surrounding capillary engorgement and definite proliferation of capil- 
laries and fibroblasts Over such vessels the adjacent peritoneum showed well 
defined localized peritonitis Only rare arterioles showed any evidence of com- 
pletely healed lesions 

Sections through the pancreas w'ere interesting For the most part the acini 
and islands were perfectly intact and presented a normal histologic appearance 
There was, perhaps, a slight ingrowth of fat cells Examination of the arterioles 
disclosed all four phases of the lesion associated with the disease at hand, acute 
arteriolitis predominating One of the larger arterioles present, fully 1 mm in 
diameter, w»as completely occluded by an organizing fibrin thrombus Half of 
the w'all showed practically no histopathologic change, while the other half was 
in an advanced state of organizing acute arteritis, wuth fibrin, neutrophils and 
endothelial cells prominently displayed Healed lesions were rare in the sections 
at hand, only two vessels being materially affected These, however, presented 
only minute, pinpoint lumens, the remainder being replaced by dense fibrous 
thickening of the intima with some scarring of the media and marked scarring 
of the adventitia 

The liver w^eighed 1,910 Gm It w'^as soft and boggy, but the normal lobulations 
W'ere W'^11 defined The capsule w'as not thickened The cut surface showed normal 
lobulations sharply accentuated beneath a light yellowush brown background, 
and this was distinctly friable and contained irregularly mottled yellowish gray 
areas suggesting patches of necrosis Histologically the picture w'as diffuse and 
varied In general, the sinusoids, particularly about the central veins, were distended 
W’lth red cells, and occasional pericentral areas of replacement fibrosis suggested 
the terminal reaction to chronic passive congestion of some duration At numerous 
points throughout the parenchyma were minute areas of focal necrosis in w'hich 
the liver cells showed varying degrees of degeneration and neutrophilic infiltration 

Examination of the periportal connective tissue showed that considerable 
and relatively uniform damage had been occurring for some time in this zone 
There were many healed arteriolar lesions with considerable surrounding fibrosis, 
W'hich in places had impinged on the bile ducts, causing frank capillary bile 
stasis At least two of the vessels in the section examined show'ed well defined 
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granulating lesions with virtually complete obliteration of their lumens by endo- 
thelial cells, fibroblasts and newly formed capillaries Other vessels showed early 
lesions with edema, endothelial thickening, early deposits of fibrin and necrosis 
of their walls There was only one vessel which showed really acute arteriolitis 
The neurologic findings were difficult to evaluate, they were notably bizarre, 
diffuse and inconstant At no time were there any mental symptoms 

Historical!}', the first sj'mptoms began as paresthesias involving the face In 
1934, more than four years before death, the pupils were fixed and irregular, the 



Fig 7 — Section of the pancreas, showing acute periarteritis nodosa with throm- 
bosis, edema, fibrinous exudate and heavy infiltration of neutrophils, lymphocytes 
and raie eosinophils Note spilling of the process into the adjacent parenchyma 
X 147 

tongue was deviated to the left, the right biceps jerk was greater than the 
left, and the abdominal reflexes, the knee jerks and the ankle jerks were absent 
A little more than a year later, a weakness of the right facial nerve developed, and 
now there also was a readily apparent stocking distribution of h 3 'pesthesia and 
hypalgesia, complicated by bilateral foot drop, by atrophy of the leg and foot 
muscles, and by weakness of the leg muscles 
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After tonsillectomy all this was followed by several months’ remission During 
this time the patient felt better than for a long time, she gamed in strength and 
complained only of occasional pain in her feet 

In the fall of 1936 a second relapse occurred In the spring of 1937, when 
the patient first was examined in the Robert Dawson Evans Memorial, the 
nevrologic picture was that of extensive polyneuritis There was peripheral loss 
of sensation to pain, temperature and touch on the inner aspects of the arms and 
below the level of the middle part of the legs There was a small area on the 
upper anterior surface of the left thigh where sensation to touch alone was lost 
There was marked atrophy of the muscles of the hands and feet There was 
partial foot drop The brachial reflexes were diminished, and the reflexes in the 
legs were absent No fibrillary twitchings were observed Sweating on the 
right side of the face and scalp at times was pronounced 
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Fig 8 — Varying sensory changes observed during the course of periarteritis 
nodosa 


The pupils still were irregular, the left being larger than the right, and there 
still was weakness of the right facial nerve As time went on the peripheral signs 
varied considerably, atrophy of the truncal muscles as well as of those of the 
extremities took place Relapses and remissions of sensation (fig 8) along the 
peripheral nerves occurred, in all probability as new nutrient arteries to nerves 
were involved and went through the pathologic cj’-cle described in other vascular 
areas 

Toward the end there developed transient diplopia, the optic disks, which 
hitherto had been normal, became choked, and a massive retinal hemorrhage 
appeared in the right fundus 
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Throughout the course of the illness the spinal fluid showed little change 
Perhaps there w^as a tendency for the protein to increase as the disease progressed 
and for the colloidal gold curve to shift to the left 

At necropsy the brain w’as not examined, but the spinal cord and various 
peripheral nerves w'ere studied Grossly the cord appeared normal except for a 
w'ell defined engorgement of the vessels throughout Histologicallj the arterioles 
both within and without the parenchyma of the cord w'ere involved in healed 
and organizing lesions The peripheral nerves showed the same process The fine 
arterioles traversing the nerve bundles were involved m inflammatorv processes 
In places they showed early arteriolitis, in other places, acute or healed arteriolitis 
Not infrequently the acute inflammatory process seemed to extend through the 
nerve sheath and to some extent to involv'e adjacent fibers 

The effect of the disease on the hemopoietic svstem was striking In 1935, 
three years before her death, the patient had moderate secondarv anemia with 
a v'alue for hemoglobin of about 60 per cent and a red blood cell count of 
4,000,000 per cubic millimeter During her staj in this hospital the hemoglobin level 
ranged between 60 and 80 per cent, the red cell count remaining fixed in the 
neighborhood of 4,000,000 Liver, iron and transfusions made no difference There 
appeared to be persistent low grade anemia which responded to no form of 
therapy The sedimentation rate remained increased The white blood cell count. 


Table 7 — Spinal Flutd Findings 


Date 

Protein, Mg per 100 Cc 

Colloidal Gold Curve 

Nov 19,1934 

2> 

0000000000 

July 31, 1935 

20 

1111100000 

April 12, 1937 

20 

1122221000 

Oct 25, 193S 

42 

2232210000 


on the other hand, varied from dav to daj, as might have been expected from 
all the acute lesions that existed from time to time It ranged from 7,000 to 
22,000 per cubic millimeter When leukocjdosis appeared there was regularly 
an increase in the proportion of polj morphonuclear leukoevtes We were unable 
to detect any marked eosinophiha, such as has been described m other cases 
Occasionally 3 or 4 per cent of eosinophils was encountered No abnormal forms 
of white cells were ever seen 

Grossly, the bone marrow appeared normal On histologic examination sections 
from the marrow of the femur, vertebra and sternum all showed arterioles having 
marked fibrous thickening and representing a healed lesion Thej also presented 
smaller arterioles showing early lesions, endothelial thickening and arteriolar 
necrosis, as well as minute arterioles showing acute lesions about which the bone 
marrow predominately was infiltrated wnth neutrophils and eosinophils 

The spleen weighed only 120 Gm and appeared normal In spite of its 
relatively normal size and gross appearance, however, it showed marked his- 
topathologic change in its arterioles In general the capsule and pulp were not 
remarkable The germinal centers were vv^ell defined and showed none of the 
phenomena customarily associated with acute or toxic splenitis The arterioles 
shovv'ed a variety of changes Some showed well defined edema of the intima 
with protrusion of the endothelium and necrosis of the remainder of the wall 
Others showed marked acute arteritis, the lumen being filled with organizing 
blood and the wall being edematous and massively infiltrated with neutrophils, 
some fibrin, occasional eosinophils, monocytes and plasma cells This infiltration 
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evtended through the ad\ entitia into the surrounding pulp, where foci of true acute 
splenitis were formed In such areas eosinophils were frequent Still other 
■vessels presented well defined zones of organization, the intimal and medial 
thickening being definitel}’^ replaced bv'^ granulation tissue Still other vessels 
were in a completely healed stage of dense general fibrosis with almost total 
obliteration of the lumens Sections of lymph nodes from various portions of the 
bodv presented vascular lesions identical with those observed in the spleen 



Fig 9 — Segment from the lower thoracic portion of the cord, showing acute 
periarteritis nodosa of an arteriole of the posterior horn, with an adjacent branch 
not involved except for perivascular cuffing with Iymphoc 3 des Acute and healed 
lesions were noted throughout various levels of the cord, with surprisingly little 
pathologic change in the parenchyma X about 228 

The cutaneous changes were varied As early as 1934 (four years before death) 
there developed erythematous lesions on both feet followed by pigmentation In 
1937, after cholecystectomy, the skin over the abdomen and the lower parts of 
the legs acquired a peculiar blotchy appearance, and the skin over the incision 
took months to heal Early in 1938 the face and neck became pigmented A few 
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months later urticana-like lesions over the trunk developed from time to time 
Finally, during the last few months there appeared on the forearm tender, evanescent 
pulsating nodules surrounded by areas of erjdhema or purpura 

At necropsy a characteristic cutaneous lesion was removed Immediately below 
tile left antecubital fossa the skin presented an irregular nodular elevation approxi- 
mately 1 5 by 4 mm The underlying tissue was distinctly injected The surface 
epithelium was intact, and the immediately adjacent conum showed little histo- 



Fig 10 — Femoral bone marrow, showing the early stage of peiiarteritis 
nodosa with endothelial proliferation, edema of the wall and neutiophihc infiltra- 
tion Sections from sternal, vertebral and femoral marrow all showed early and 
healed lesions X 238 

pathologic change The fibrofatty tissue, however, contained arterioles in which 
early, acute and healed lesions were observed 

One puzzling clinical finding was the manner in which the basal metabolic 
rate behaved It tended to be elevated, but in an intermittent fashion There were 
no other signs of hyperthyroidism, and the basal metabolic rate was never con- 
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Fig 12 — Section of the thyroid in a case of acute periarteritis nodosa, showing 
numerous old and recent lesions, all of which involved the adjacent parenchyma to 
some extent X 73 5 
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sistently influenced by iodine The trend of the metabolic rate was as eccentric 
as the blood pressure level and the renal function 

Neither the thyroid nor the adrenal glands appeared grossly remarkable, yet 
each showed periarterial lesions 

Sections through the thyroid showed the acini to be relatively uniform in size 
and shape, filled with normally staining colloid material and exhibiting no eMdence 
of secondary hyperplasia Careful examination of its stroma, however, re\ealed 
numerous vessels affected by the disease process Occasional vessels showed pro- 
found fibrosis and a healed stage The most extensive lesions, how'evcr, w'ere 
acute , in these the arterioles were partiallv to completely occluded by fibrin thrombi, 
their edematous w'alls being infiltrated with fibrin, manv neutrophils, some endo- 
thelial cells, lymphocytes and rare eosinophils There w'as definite capillary pro- 
liferation about the periphery of such vessels One or tw'o of the arterioles 
presented a striking picture, one side being entirely normal w'hile the other half 
was massively involved m profound acute arteriohtis 

The vessels about the periphery of the adrenal glands also show'ed acute 
artenolitis with fibrin thrombi, edema and fibrin deposits m the wall and infiltra- 
tion with neutrophils, hmphocjtes, endothelial cells and (rare) eosinophils Similar 
lesions were occasionally seen in the v'essels of the medulla About these areas 
there were small foci of necrosis 

In 1933, it will be remembered, the patient complained of an irritating, non- 
productive cough which lasted for a long time During the months that she w'as 
under our observation, how'ever, cough was never an important sjmptom Thus, 
clinically the pulmonary system was the one sjstem m which there was no sign 
of pathologic activitj From this point of view the pathologic description of the 
lungs IS especially significant 

The lungs together weighed 1,020 Gm Grosslj thcv showed no significant 
change The great vessels were normal On histologic studv the bronchi showed 
no specific inflammatory processes Careful examination of numerous vessels 
throughout showed well defined, healed arteriolar lesions m the form of dense 
medial and adventitial fibrosis At no point in the sections obscrv cd were w e 
able to see any acute or organizing arteriohtis A few of the larger arterioles 
showed edema of the mtima with swelling and protrusion of the endothelium 
There was also edema of the media and adv’cntitia The remainder of the lung 
showed little evidence of pathologic change bev’ond the accumulation of albuminous 
coagulum within the aveoli 

COMMENT 

This case is leported as of especial inleiest because the patient t\as 
under careful observ^ation for so long a time All our findings aie 
typical , they hi ing out little new 

Certainly the histoiy of penarteiitis nodosa disposes to clinical 
humility In the seventy-three yeai s which have elapsed since Kussmaul 
and Maier described the case of Carl Seufaith, little that is significantly 
new has been added to the general knowledge of the disease Kussmaul 
and Maier deseive full credit for lecognizing a new clinical syndrome, 
a clinical pictuie which, as they said, became the moie perplexing the 
longei It was observed and with a piognosis likely to be evident long 
before the diagnosis could be established 
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Even with the old-fashioned and crude methods of histologic study 
at then disposal, they gave an adequate description of the nodular 
thickening which they found so charactei istically aiound countless small 
aiteiies m then case, and they believed that the disease commenced 
acutely in the media of these small aitenes, all other clinical and patho- 
logic manifestations being secondaiy to this fundamental lesion 

In our case the pathologic observations well confirmed the clinical 
findings The mteimittent, prolonged course of the illness and all its 
symptoms can be explained by the peculiar jumble of acute, subacute 
and chronic oi healed vascular lesions which were seen in neaily eveiy 
tissue examined 

Kussmaul and Maier were no less humble than we when it came to 
saying what might cause such a disease Since their time many theories 
have been put foiward No one, bowevei, has succeeded any better than 

XXIII 

beber eine bisjier niclit bescliiiebene eigenlhiiniliche Arlenen- 
erkranknng (Periarleritis nodosa), die mit Morbus Brighlii 
und rapid forlsclircilender allgemeiner Muskellahniung 
emhergelif. 

Von 

^of A Kussmaul und B Maier 

10 Freiburg i Sr 

Ilierzu laf III— V 
Krankengeschichte 

Carl Seufarth \on Gemsbach, 27 J alt, Schneidergesello, kam 4 Mai 
' 1S65 Morgens 10 Uhi m die medicinische Klinik zu Freiburg An dem ziemlich 

nngcren Men«clien fiel die ungemem blasse Farbe %on Haut Liddcd Mund- 

Fig 13 — Title of a paper published in 1866 and containing the first descrip- 
tion of periarteritis nodosa 

they in detei mining the nature of the agent which injures so lemarkably 
the smallei vessels of vaiious organs and which causes such an extra- 
ordinaiy clinical pictuie Until the causative agent is found, little can be 
said of treatment 

It IS interesting that Kussmaul and Maier diew attention to the fact 
that ceitain patients with periarteritis nodosa may lecover spontaneously 
They saw Landohn Faust, who fell sick m August 1864 with an illness 
much like Cail Seufarth’s Faust, however, grew better and recoveied 
to some extent In August 1865, biopsy of a bit of muscle was done, 
and this showed peiiaiteiial lesions comparable with the lesions observed 
in the case of Seufarth Kussmaul and Maiei recorded this experience 
and warned against the possible danger of biopsy in such cases, the 
wound from this minor operation required eight weeks for complete 
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healing, a situation comparable to that is oui case, in which the gall- 
bladder incision failed to heal completely for many months Nowada)S, 
too, the disease need not be entii ely hopeless, and occasionally the patient 
may lecover This is illustrated by the case of C P , a patient whose 
medical adventures Di Albert R Paikhurst of Beverly, Mass , has been 
kind enough to summarize for us and allow us to report 

C W P was 39 years old in 1932 when he first entered the Beverb Hospital 
His history was uneventful except that for a little over a year he had been 
bothered by asthma His sinuses and antrums contained polyps, which were dulv 
treated General physical examination otherwise gave negative results It was 
noted that on one occasion on his first admission to the hospital the white blood 
cell count Avas 17,000 per cubic millimeter, with 7 per cent eosinophils 

In 1933, about a year later, he suddenlj had a Aiolent headache with pain under 
both shoulders and a stiff neck He reentered the hospital and A\as found to 
have normal blood pressure, normal ph\sical findings except for asthmatic rales 
in both sides of the chest, a strongU positu'e Kernig sign, discrete glands palpable 
in the neck, axillas and groins, a choked disk on the left side and grossK blood\ 
spinal fluid under greatl> increased pressure He was hospitalized for a month, 
groAving better with repeated spinal punctures During this time the A\hite blood 
cell count ranged betAveen 12,000 and 15,000 per cubic millimeter, there was no 
eosinophilia The urine varied in gravitv and occasionallj contained albumin and a 
few red or Avhite cells in the sediment 

In 1934 he again felt ill and reentered the hospital For seieral months after 
leaving he had been comfortable and fairh actne, but bv degrees his legs became 
stiff, his feet began to ache, and finalh a peculiar AarietA of cutaneous lesions 
developed The cutaneous lesions AA’ere variously described as being of fiAe 
tjpes hemorrhagic, nodular, bullous, urticarial and eczematous The nodules 
were largest on the forehead, Avith smaller areas OAcr the back of the hands 
and the dorsa of the feet Accompanjing the nodules Avere enlarged glands in the 
axillas and in the groins His pain A\as striking Each at rest his feet AACre 
extremely painful, and the pain appeared to be deep seated rather than super- 
ficial On this admission to the hospital there A\ere inexplicable bouts of crampA 
abdominal pain Avith or Avithout diarrhea, and areas of anesthesia and Inper- 
esthesia Avere noted over the upper parts of both legs He remained in the hospital 
for several AA'eeks, occasionally he had slight fcA^er, the Avhite blood cell count 
ranged betAveen 18,000 and 45,000 per cubic millimeter Usually the predominant 
leukocytes Avere polymorphonuclear, although on one occasion 50 per cent eosino- 
phils Avere noted, the urine Avas normal except for an occasional trace of albumin 
and for rare red cells and granular casts in the sediment, there Avas no liAper- 
tension, and the Wassermann reaction AAas repeatedl} negative 

One of the subcutaneous nodules and at least one of the nasal poljpi which 
had been removed from time to time revealed Avascular lesions consistent Avith 
the diagnosis of periarteritis nodosa 

The patient gradually grcAv better and six j^ears later Avas entirely Avell except 
for asthma There had been no recurrence of cutaneous lesions, of cerebral 
symptoms, of leg cramp or of abdominal pain About all that Avas appreciabU 
left of his illness Avas slight Aveakness and hyperesthesia of the left hand and 
left thigh and hands and feet Avhich felt the cold more easil}^ than is normal 
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He died suddenly in an asthmatic attack Necropsy revealed a rare healed 
lesion around the smaller arterioles in the heart, the kidneys and the intestinal tract 
On the whole, the striking feature revealed by the examination was the miraculous 
manner in which all active lesions of periarteritis nodosa seemingly had disappeared 

Peiiarteritis nodosa lemains much as it was when first desciibed It 
IS a freakish vascular disease of unknown origin, likely to prove fatal 
within a few weeks or months fiom the time it fiist causes symptoms, 
producing extiemely varied clinical manifestations and not 3^et sub- 
servient to any specific form of pievention or cure 



CHRONIC MALARIA 

A CLINICAL CONSIDERATION 

GEORGE H FONDli, MD 

AND 

EDGAR C FONDL, MD 

MOBILE, ALA 

Malaiia is a chionic disease, not alone an infection of the blood stieam 
chaiacteiized by chills and fevei Failuie to compiehend oi detect its 
insidious course and its strong tendency to i elapse, even af tei months oi 
years, accounts foi the fact that it still lanks as one of the senous social 
and economic problems Some authors ^ have recognized the persistent 
and prolonged course of malaria, neaily all acknowledge it to be the 
most widespiead and destructive of tiopical diseases Because in its 
chronic foim it is geneially disguised, the problem of contiol is doubly 
hard to master 

We aie not concerned heie with eaily “classic” foims of malaiia 
These conditions constitute the minoiity and are largely limited to well 
known legions, they offer little oi no difficulty in diagnosis and are 
easily controlled, tempoiarily at least, by specific tieatment Moieovei, 
in these eaily infections plasmodia can usually be demonstrated (except 
m hypeipyiexial, ceiebial and “blackwater” foims) - 

On the other hand, in dealing with chronic malaiia the physician is 
confronted with a complex problem In this stage the disease is not 
easy to recognize, and it is difficult to demonstrate the parasite The 
chronic infection is geneially masked undei syndiomes closely lesem- 
bling a ntimbei of common local and systemic diseases In all cases it 
tends to become asymptomatic, whether tieated oi not, duiing some 
phase of its couise 

INCIDENCE 

Fust, It should be pointed out that theie aie no geogiaphic limita- 
tions to the chronic forms of malaria, as contiasted to eaily typical 
infections, which aie largely confined to endemic zones From a study 
of 10,000 malarial patients in the dispensaries of Odessa, USSR, 
Korovitskiy ^ concluded that chi onic malaria does exist in temperate 

1 Heiser, V An American Doctor’s Odyssey Adventures m Forty-Five 
Countries, Neiv York, W W Norton & Company, Inc , 1936 

2 Mackie, T T Personal communication to the authors 

3 Korovitskiy, L K The Problem of Chronic Malaria, Vrach delo 19 
359, 1936, abstracted, JAMA 104 470 (Aug 8) 1936 
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climates wheie leinfection is not possible According to his data not 
more than 40 per cent of patients weie cured at the end of four yeais 
The greater number of cases of chronic involvement usually escape 
lecogmtion, especially when removed from malarial regions Theie is 
now leason to suspect that in this day of constant travel to and fiom 
areas of inoculation more patients with chronic malaria aie to be found 
outside the endemic legions than among the static populations, the 
condition is not iccogmzed, largely because of the mistaken impression 
that a change of climate alone will eftect a cure Such an infection 
IS geneially legarded as having been eradicated, despite lectiirence of 
atypical symptoms, and the impaired health passes for injuiy done 
lather than for disease still present Petritz,^ from a study of malaria 
in Illinois, was convinced that there were between 15,000 and 25,000 
cases of chronic malaria m that state, in most of which the condition 
was unrecognized and untieated If this is an index of its prevalence, 
what must be the total number of cases of chronic involvement unrec- 
ognized and untreated m the whole of the United States^ Statistics 
officially published on the incidence of malaria are generally based on 
demonstration of parasites rather than on clinical evidence We believe 
that such statistics are by no means a tiue indication of the extent of 
malaria 

CLASSIFICATION 

Chronic malaiia may be divided into two clinical types 

1 Reactive CJnomc Malaita — The reactive type is that in which 
the defensive forces aie more or less vigorously operative This type 
embraces a latent, an atypical and a typical late phase 

In the latent phase the progress of the disease is ai rested because 
of the piompt destruction of parasites by a highly developed immune 
mechanism® Vigorous and well nouiished subjects may appear to be 
in fair general health when reactivations have not been too fiequent 
or persistent Such patients are usually ambulatory Even those whose 
general health is obviously impaired often lefuse to believe that they 
are subjects of a chiomc infection, because the progress of the disease 
has been so insidious They rarely seek medical attention , their con- 
dition remains unrecognized, a lower level of vigor is casually regaided 
as an individual characteristic or idiosynci asy, rather than the result 
of a chronic disease 

4 Petntz, L J Chronic Malaria Some Clinical Aspects, Illinois M J 
44 193, 1936 

5 Taliaferro, W H, and Cannon, P R The Cellular Reactions Dunng 
Pnmaiy Infections and Superinfections of Plasmodium Brasilianum in the Pan- 
amanian Monkey, J Infect Dis 59 72, 1936 
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The atypical phase, manifested m the gieat majority of all cases of 
chronic involvement, always pioduces definite symptoms, although these 
symptoms aie extremely varied The clinical manifestations depend 
on localization of the colonies of parasites in fixed tissues (reticulo- 
endothelial cells) and vaiy according to the extent of toxic and allergic 
effects as well as to individual susceptibility to them On account of 
the pi evading concepts of what is required for diagnosis, malaria in 
this phase is often overlooked There is sufficient phagocytic and 
humoial immunity to destioy cnculating parasites, which accounts for 
the absence of typical symptoms in these patients 

The typical late phase is seen in patients who have lost then powei 
to resist parasitic invasion of the blood stream Howevei, the paiasites 
may not be demonstrable in the peiipheral blood in the first few days 
of this phase , thej^ are more fi equently discovered at the end of twenty- 
foui hours, after the thud typical paroxysm We have often noticed 
the reappearance m the blood smear of laige numbers of both schizonts 
and gametocytes 

2 A’oni eactive Chi onic Malai la — In the nonreactn'-e t\ pe the patient 
IS extiemely ill, disabled and confined to bed The infection has 
advanced to a dangerous point, and the patient’s defensive powei s aie 
exhausted His body fails to react characteristically to malarial pioteins 
leleased at the time of segmentation, hence the diagnosis is difficult 
These aie often called “quinine-fast cases”" Demonstration of para- 
sites IS larely possible, and the absence of parasites is presumed to be 
the lesult of severe toxemia The tempeiatuie is normal or subnoimal 
foi the greater part of the tune, the patient is at or near the cachectic 
stage, wdnch is characteiized by advanced oiganic degeneiation, and 
the related symptoms fi equently disguise the long-existent primaiy 
cause Subjects m a cachectic state of chionic malaiia often have a 
dry, copper-colored skin, -which is an impoitant diagnostic point when 
the history discloses early attacks occurring ovei a number of years 
This type of malaiia is commonly obseived in children befoie the 
development of immunity as well as in peisons enfeebled by age wdio 
iiave lost their lelative degiee of immunity 

DIAGNOSIS 

A practical diagnosis of chionic malaiia rests on the lesults of 
four methods of investigation, namely, taking of an exhaustive history, 
a complete physical examination, specific drug tests and laboiatory 
pi ocedui es 

6 Pais, A Radio-Stimulation in the Tieatment of Malaria, in Contributions 
to Radio-Stimulative Therapy, series 1 and 2, Rome Instituta de radio-eccitamento, 
1926, Radio-Stimulation in the Treatment of Malaria Radion, ibid, series 4, 1928 
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A study of the histoiy should be diiected inamly towaid exclusion 
01 confii Illation of pievious attacks of nialaiia Exposuie to inocula- 
tion and previous acute attacks would suggest the possibility of pei- 
sistence and chionicity of the infection When the evidence (previous 
frank attacks, positive diagnosis or pievious treatment) points towaid 
malaria, the buiden of pi oof m differential diagnosis becomes leveised, 
1 e , it becomes necessary to disprove the presence of malaria before 
other considei ations are taken up Such a method of evaluation of the 
patient’s status with regard to a previous infection obtains with syphilis 
It should likewise be regarded as- of the greatest importance with 
malaiia, which has similar relapsing tendencies The late H R Caiter 
made the statement, 'Tts duration m man, if not eternal, is indefinite ” ^ 
Sii Ronald Ross stated that his fathei had typical malaiia seven }ears 
aftei leaving the region of possible reinfection ® 

Notation of the time at which exacerbations occur is of gieat 
assistance in recognizing the periodicity, or ihythm of lecuiience, of 
symptoms In eaily malaria the usual interval for the two tertian 
varieties of paiasites is approximately forty-eight hours Such a fiank 
invasion is leadily confirmed by microscopic demonstration of the para- 
sites in all stages of incubation (exceptions already mentioned) On 
the other hand, the peiiodicity manifested in the atypical phase, as 
observed clinically, is seven to ten days® This legular recuirence is 
aptly illustrated by the ocular forms of malaiia, in which the symp- 
toms are clearcut both subjectively and objectively As fai as we can 
asceitain, no explanation has been offered to show why exacerbation 
of symptoms in atypical malaria should occui at the seven to ten day 
inteivai It is reasonable, however, to suppose that the vegetative 
cycle of the paiasites is delayed in the more shaded and protected 
lodgments as compared with the fuller exposure to the activating 
influence of sun and light on circulating paiasites Deadenck^® stated 

Relapses at short intervals have been recognized since the time of Hippocrates 
Later the “septenary” periods ivere noted for tendencies to show relapses, and this 

7 Carter, H R , in Maxcy, K F Epidemiological Principles Aftecting the 
Distribution of Malaria in Southern United States, Reprint 920, United States 
Treasury Department, Public Health Service, 1924, p 3 

8 Ross, R The Prevention of Malaria, London, John Murray, 1910 

9 One of us (G H F ) recalls that the seven to ten day periodicity in 
afebrile chronic malaria was first brought to his attention by his preceptors 
Great emphasis was placed on the pathognomonic evidence of periodic supra- 
orbital unilateral neuralgia in old cases of malaria Attention was called also to 
the frequency of other periodic neuralgias in afebrile malaria as diagnostic and 
as specifically responsive to quinine 

10 Deaderick, W H A Practical Study of Malaria, Philadelphia, W B 
Saunders Company, 1909 
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idea IS still largely prevalent among the laity This is also in accord with the 
obser\ation of Cohen and Trielle They state that this period is 5 to 21 days, 
usually 5 to 10 days, and that the relapses may consist of one or more typical 
malaria paroxysms, or they may be at 3 ^pical 

Recent lesearch has tin own new light on this aspect of the subject, 
reA'-eahng and probably removing the points of disparity between 
clinical knowledge of the disease and the life cycle of the parasite 
in human beings The first important fact pertains to schizogony in 
reticuloendothelial cells On March 18, 1937, James and Tate dem- 
onstrated befoie the Royal Society of Tropical Diseases and Hygiene 
of Great Britain the full vegetative cycle in the endothelial cells lining 
the brain of the domestic fowl This experiment was made with the 
avian strain of the paiasite but will piobably piove to be a working 
basis foi understanding malaiia in human beings The second fact is 
the experimental demonstration of the latent phase of the disease Talia- 
ferro and Cannon in their brilliant work on pi unary infections and 
superinfections have shown that the development of phagocytic activity 
lendeis the disease asymptomatic in spite of the fact that parasites 
leproduce at the same rate Their experiments weie earned out with 
Panamanian monkeys, and Plasmodium brasihanum ® n as used 

These two discoveiies, we believe, are epoch making They leaffirm 
and establish the importance of clinical interpretation rather than 
dependence on laboratory findings, which has long been emphasized 
The possibility of a vegetative c}cle in man and the certainty of latency 
will do much to con elate the knowledge of the many parts of the 
piobleni of chronic malaiia into one continuous and compi ehensive 
whole The well recognized periodicity (foity-eight hours for tertian 
varieties, seventy-two hours for quartan) is subject to many alterations 
When multiple infections are present or when mixed varieties of para- 
sites coexist the clinical pictuie is less definite The symptoms are 
1 elated to ovei lapping of the respective cj^les The reproduction of 
parasites in fixed tissues may again modify the periodicity The diag- 
nosis may be facilitated if the clinician carefully determines the time 
relations of the earliest paioxj’^sms We shall mention latei the employ- 
ment of “specific drug tests ” This early clinical behavior is especially 
important in the estivoautumnal r^ariety of infection In this type a 
remittent rather than an intermittent recurrence of symptoms is noted 
except in the first two or three parox 3 '’sms When this tertian infection 
becomes pernicious, the seizures progressively anticipate by two or more 
hours the legulai time of occuiience The inci easing viiulence is fur- 
thei manifested by a longei duiation of the attack They are then 
without intermission and without frank remission Thus, a “closing up” 

11 New Light on the Life-Cycle of the Malaria Parasite, editorial. Lancet 
1 764, 1937 
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of the iiitenals conceals the abrupt beginning time of segmentations, 
and the improvement noted m the intervals between early paioxysms 
IS lacking We have repeatedly observed this pernicious couise in 
atypical malaiia as well as in the classic foims Such a development 
IS geneially supposed to occur with the third paioxysm, and we believe 
that it should be recognized m time to avert the extremely ciitical 
complications 

Punctual exaceibation of symptoms is a distinctive chaiacteiistic of 
malaria In the bacterial diseases the symptoms usually attain then 
maximum giadually toward the lattei pait of the day In malaiia, 
howevei, theie is an abiupt onset, geneially within two houis of noon 
These seizures coincide with the lelease of malaiial toxins and mero- 
zoites Pronounced impiovement m the intervals between attacks has 
often influenced us in favoi of malaria lathei than toward an abdominal 
disease requiimg opeiation oi some othei acute disease We have often 
been aided m making a diagnosis by noting the astonishing coincidence of 
relapse in old known cases and the influx of new ones A wavelike 
prevalence of the condition is seen in the spiing and fall and following 
extiaseasonal uses in temperatuie 

On inspection, the subject with chionic malaiia of recent activity 
discloses a muddy subicteric tint of the skin and scleias The tongue 
IS broad and coated, often showing maigmal indentations made by the 
teeth There is a general pallor of the mucous membranes The spleen 
m all cases of chronic involvement is notably affected The majority 
of patients piesent piolapse of the oigan with definitely increased 
splenic tension, which is especially noted on the day after a paioxysm 
Usually the spleen is palpable at or several inches below the costal 
margin In order to differentiate enlargement or piolapse of the spleen 
from other causes, the patient should be caiefully palpated on suc- 
cessive days, and the findings should be correlated with periodic recur- 
rences already discussed Abdominal examination is best accomplished 
when the stomach and colon are empty Peicussion is a valuable 
adjunct to palpation, replacing the latter for obese or muscular patients 

Specific drug tests are decidedly the most valuable methods of 
detecting malaria in atypical and latent phases The provocative test 
consists of one day of full dosage with either quinine or atabrme (an 
acridine dye) Recognizable symptoms will be bi ought about within a 
few days to tliiee weeks, especially if the test is carried out during the 

12 In cases o£ acute involvement this clinical characteristic was often seen 
during the Spamsh-American War Among the Michigan and Illinois troops 
were many patients with febrile and "algid” comatose forms of malaria These 
forms were confused with uremic coma, owing to the associated nephritis, until 
parasite demonstration was made in a few cases Other patients had severe chilis 
an hour or two before becoming unconscious 
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seasons of expected reactivation The therapeutic test consists of one 
full week’s couise of atabnne or quinine Marked lelief from symp- 
toms and improvement of the general condition within the following 
ueek or ten days indicates probable malaria A confirmation of the 
diagnosis would be made by a sharp and more characteiistic return 
of the periodic symptoms In the atypical phase this test is modified 
by administering the specific drug to cover three successive seven day 
cycles (according to the therapeutic program which we shall propose) 
The fullest response is generally noted after the fourth week, the 
fourth parox3^sm would not appear, but marked impiovement is soon 
observed^® These specific diug tests aie contraindicated for patients 
whose vitality is extremely low 

The employment of “protein shock” and the use of epinephiine and 
other agents, such as hot baths, have been recommended to facilitate 
the demonstration of parasites in the blood We have not found such 
measures effective in enabling us to find the parasite, but they are 
decidedly helpful in aiding clinical recognition of latent and atypical 
phases of chronic infection 

Every patient should have the benefit of a general examination of 
the blood m addition to careful and repeated seaich for plasmodia 
The degiee of anemia and injury to blood cells often reveals impor- 
tant evidence The most fiequent indication incriminating malaria is 
stippling of the red cells twenty-four hours after an attack and maiked 
inciease of eosinophils For indications of long-standing damage from 
the infection, poikilocjdosis and other evidence of the injuied hemo- 
poietic oigans are often noticed The Bass-Jones concentiation test 
has yielded the greatest success in demonstrating the paiasites m blood 
smears We have found the leaction to be positive more frequently 
when the blood is taken twentj'-foui houis after the occurrence of the 
atypical symptoms The Flenri melanoflocculation test has been of aid 
in a smaller numbei of cases 

DirrERENTIAL DIAGNOSIS 

A previous history of chronic malaria with seasonal i elapses is the 
most important consideration in diagnosis As with syphilis, the mani- 
festations of chronic malaria are so protean that the symptom complex 
of almost any disease can be simulated Therefore, we believe it to be 
impractical to give heie a moie detailed method of difteiential diag- 
nosis than has already been suggested However, it is worth while to 
list some conditions with which chionic malaiia may be confused oi 
in which it may play the primary etiologic role 

13 Statistics recently reported (Gill, D G, and Smith, M Atabnne as a 
Malarial Proph} lactic Agent Experiment with the Diug in Central Alabama, 
J M A Alabama 8 66, 1938) support this clinical interpretation 
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TREATMENT 

Theie is undoubtedly a need foi collective treatment of peisons 
who are unable to obtain individual clinical guidance Without dis- 
ci editing such collective methods, “standardized” procedures have dulled 
the judgment of clinicians m geneial and obscuied the importance of 
chronic malaria in the population We object to the pi evading system 
of treatment for five reasons 1 Heavy saturating doses are employed 


Table of Conditions 


System 

Disease 

Syndromes 

Symptoms 

Gastrointestinal 
(of greatest 
frequency) 

Cholecystitis, uncmar 
lasis, vitamin deflcien 
eies, sprue, typhoid 
fever, typhus fever, 
undulant fever late 
syphilis 

Hepatitis, allergies, 
Addison’s disease, catar 
rhal jaundice, Banti’s 
disease, amebic infec 
tion 

Pam over right lobe of 
liver, nausea or voimt 
ing near noon, distress 
and fulness about throat 
and neck, abdominal, 
focal and surgical symp 
toms diarrhea 
dysentery 

Nervous system 
(2d m frequency) 

Psychoneurosis, 

encephalitis 

Neurasthenia, epilepti 
form seizures , migraine 
like headaches, 
neuralgias 

Insomnia, phobias, 
headaches, syncope 
herpes simplex, herpes 
zoster, vertigo, globus 
hystericus, tremors 

Circulatory blood 
(3d in frequency) 

Blood dyscrasias, agran 
ulocytosis.t leukemias, 
essential hypertension, 
hypotension, Raynaud’s 
disease, purpura, symp 
tomatic anemias 

Urticaria, angioneu 
rotic edema 

Anglnoid pains faint 
ness and vertigo 
tachycardia 

Genitourinary 

Pyelitis, hemorrhagic 
nephritis 

Hematuria, hemati- 
nurn uremia and 
uremic coma 


Respiratory 

Pneumonia, asthma 

Bronchitis (recurring) 


Ocular 

Unilateral glaucoma, 
keratitis punctata, 
chorioretinitis 



Bone and Muscular 

The arthri tides 

Eumbago torticollis 

Articular, muscular and 
osseous pains 

Endocrine 

Gonadal defieieney 
thyrotoxicosis 




* The coincidence of chronic malana and hay fever and asthma s-vndromes has been 
noted in a large proportion of cases in children and adolescents (Eond6, G H Clinical 
Aspects of Hay Eever and Asthma, J M A Alabama 1 471, 1932) 

+ Eonde E C , and Pond6, G H Allergy as the Direct Etiological Eactor in Malignant 
Granulopenia Clinical Study Based upon One Fulminant Case, J M A Alabama 3 375, 1934 


m a chronic disease 2 Treatment is based on the idea that destruc- 
tion of paiasites in the cnculatmg hemocytes removes the infection 
from the fixed tissues also 3 The individual follow-up treatment of 
an inveterate relapsing disease is not taken into account 4 Employ- 

13a Angus McDonald (Malana Problems of Today, in Nelson’s Loose-Leaf 
Living Medicine, New York, Thomas Nelson & Sons, 1926, vol 7, pp 299-345) 
reported that 10 grams (0 65 Gm ) of quinine daily for thirty days is followed by 
relapse in 30 per cent of cases within two months He further states that while 
absolute removal of parasites from the blood, therefore, “a parasite cure,” cannot 
be guaranteed thus, yet the subjugation of relapse is a matter of taking quinine, 
and the termination of relapse is proportionate to the period of taking quinine 
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merit of these standardized systems is too frequently based only on the 
demonstration of parasites 5 Satisfactory control of the disease is not 
effected m a gieat majority of cases of chronic involvement There- 
fore, we believe that there is urgent need to revise the concepts of 
treatment The plan presented heie, in our experience, has proved to 
be a far more satisfactory method of treatment than the standardized 
methods and is not open to the objections which have been cited 

The plan is designed to take care of certain considerations which 
are extremely important in the successful management of chronic 
malaria The fundamental piinciple is to admimstei the specific diugs 
so that the maximum concentration will be present in the blood when 
the meiozoites are released This concept is generallj adheied to but 
too often IS inadequately carried out because the tieatment is insuffi- 
ciently prolonged Neglect of this necessity is probably due to the fact 
that the occuirence of atypical symptoms has not been recognized as 
an indication for therapy Fuithermoie, the appearance of symptoms 
may be approximately calculated in advance if careful study is made 
of past recurrences so that the most effective time foi drug therapy 
can be piedetermmed Such administration of specific drugs greatly 
aids the natural phagocytic response by diminishing the number of 
merozoites, thus it also pi events an excessive release of malaiial pio- 
teins and degradation products, which would result in toxic and allergic 
shocks to the liver and other vital organs Lastly, but of gieat impor- 
tance, general debility of the patient and exhaustion of the liemopoielic 
system aie prevented 

general measures 

The patient should lemain in bed duiing the febrile stage The diet 
should be light during administration of laige doses of quinine oi 
atabrine Purgation is emploj^ed to facilitate pi opei absorption and toler- 
ance of these drugs, this is effectively accomplished by small doses of 
mild mercurous chloride and sodium bicarbonate followed bj a saline 
purgative Alkahnization is desirable, and foi this one of the effer- 
vescent alkaline salt combinations is used (Sinton has shoivn that a 
patient with malaria requires several times moie alkaline salts to lendei 
the urine neutral than does a normal subject ) Sedation is usually 
required at the beginning to alleviate the discomfort and ps^chlc dis- 
turbance caused by the specific drug 

SPECIFIC MEASURES 

As the management of chronic malaiia demands a piolonged plan 
of treatment, we piefei to employ atabiine and quinine in alternate 

14 Fonde, E C, and Fonde, G H Allergy as the Direct Etiological Factor 
in Malignant Granulopenia Clinical Study Based upon One Fulminant Case, 
J M A Alabama 3 375, 1934 « 
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comses piovided theie is no contraindication to either diug Quinidine 
sulfate may in some cases be substituted for quinine if the latter is 
objectionable Our experience convinces us that atabime in geneial 
IS decidedly the most effective agent and is better tolerated in eftective 
doses than quinine Because atabnne is more slowly eliminated it stands 
guard against fresh entiy of merozoites into the fixed tissue cells foi 
a longer time than does quinine, and therefore relapses aie less fiequent 
with the former drug Atabnne also has a special viitue in infection 
by Plasmodium falcipaium and in othei pernicious forms of malaiia 
On the other hand, atabnne should not be given too frequently, on 
account of its cumulative effect and the discoloration which it pioduces 
in the skin 

Objection has been made to atabnne on the ground that it is some- 
times responsible for inducing psyclioneurotic symptoms oi aggia- 
vatmg those already commonly present m chronic malaiia We believe 
that this does occur, particularly in “cerebral cases” Howevei, it is 
our opinion that focal reactions m the brain are compaiable to the 
Herxheimer effect m syphilis under specific treatment We have long 
observed that after the definite aggiavation of symptoms on institution 
of treatment theie was a remission of psychic disturbances We have 
been gratified to note that m general the psychoneurotic subjects who 
have previously been afebrile and unresponsive to treatment have had a 
periodic tempei ature curve and have impi oved markedly with ti eatment 

We have abandoned the use of plasmochm as a theiapeutic agent 
because of its extreme toxicity (see comment on epidemiologic value) 

The doses given will naturally vary somewhat with the individual 
case, depending on the body weight and general vitality of the patient 
as well as on his response to treatment 

OUTLINE OF TREATMENT 

Attack Pei lod (to abate the early paroxysms) — The following diugs 
and quantities may be given 

Days 

1-3 Atabnne, 1^ grains (009 Gm ) thiee times a day, oi 
Quinine sulfate, 10 grains (0 65 Gm ) three times a day 

4-5 Rest period 

6-8 Atabnne, 1 ^4 grams (0 09 Gm ) twice a day, or 
Quinine, 10 grains (0 65 Gm ) twice a day 

9-10 Rest period 

11-12 Atabnne, lj4 grams (0 09 Gm ) twice a day, or 
Quinine, 10 grains (0 65 Gm ) twice a day 



1166 


ARCHIVES OF INTERNAL MEDICINE 


Mamtenance Peiwd — The following diugs and quantities are col- 
lect foi this peiiod 

Days 

14-20 Rest peiiod 

« 21-23 If atabnne was employed pievioiisly, quinine sulfate, 10 giams 
(0 65 Gm ) at midnight 

If quinine was employed previously, atabnne, V/2 giains (0 09 
Gm ) twice a day 

24-30 Rest period 

31-33 Atabnne, Ij/^ giams (0 09 Gm ) twice a day 

34-40 Rest period 

41-43 Quinine, 10 grams (0 65 Gm ) at midnight 
[Note — When quinine has been found objectionable, atabnne should 
be given in one full couise at the beginning of tieatment (15 tablets 
of 13 ^ giains [0 09 Gm ] each) Atabnne should then be omitted for 
at least two weeks befoie the half-couise (seven tablets of 1 ^ grains 
[0 09 Gm ] each) is given Subsequent half-couises of atabnne should 
be spaced four, five, six, seven and eight weeks apart, accoiding to the 
season, for 1 easons previously explained ] 

Consolidation Pei lod — This alternating use of quinine and atabnne 
continues with the rest peiiod inci easing by one week up to foui 
weeks (early spring, summer and fall months) and up to eight weeks 
(wmtei months) Duiing rest peiiods injections of non and arsenic 
01 bismuth compounds aie given These are almost as impoitant in 
the treatment of chronic malaiia as aie the specific dings We prefer 
to avoid the free use of arsenic in cases m which there is evidence of 
seiious impaiiment of hepatic function We therefore emplo}'^ half- 
courses of iron and arsenic, either intramuscularly or intravenously, in 
the form of cacodylate of iron, a 1 giam (0 06 Gm ) ampule eveiy 
foul da}s until six are given This may be alternated with intramus- 
culai injections of a bismuth compound, also m half-courses (six doses) 
at four day intervals Injections of bismuth subsalicylate m oil aie 
staited to establish tolerance to this drug The drug may be given in 
aqueous solution foi subsequent doses, which causes less pain locally 
but IS more rapidly eliminated If indicated, succeeding half-courses 
aie spaced pi ogressively further apait Livei extract is of value in 
hemopoiesis, thus combating anemia We wish to stress that geneial 
supportn^e measuies and good hygiene aie necessaiy Easily digested 
foods which have a high vitamin and mineral content should be pie- 
scribed In case of malaria in which there is damage to the liver, 
liberal quantities of warm water containing small doses of sodium 
phosphate (taken two hours before brealcfast) stimulate better flow of 
bile and intestinal evacuations 
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NONREACTIVE MALARIA 

The guiding piinciple m the management of nomeactive malaiia is 
impiovement of the vital condition of the patient by employment of 
supportive measuies as previously mentioned Specific dings should 
lie cautiously administered It is important to check the leukocyte 
count, which should improve after the administiation of quinine oi 
atabrme If the leukocytes are decreased the specific drugs should be 
withheld They may be lesumed with caution after an mciease in the 
white cell count is noted A very light exposure to loentgen lays is 
claimed to be an effectual substitute foi the well known “mountain an 
and altitude” in its effect on the hemopoietic tissues ® 

The necessity of repeated readjustment of the schedule of theiapy 
should be kept in mind, these readjustments are made on the slightest 
evidence of reactivation In many cases lemauguiation of the “attack 
peiiod” is indicated 

Expel lence has taught us that in most cases it is necessaiy to 
extend the treatment of malaiia over a period of two to thiee yeais 
As with all chronic diseases, the complete cooperation of the patient is 
absolutely essential for the success of the treatment The patient should 
recoid the time at which the slightest suggestion of a return of lecur- 
lent symptoms of the same character as during previous attacks takes 
place The time of new symptoms should also be lecoided We name 
this a “diaiy and calendar system” It should include the patient’s 
schedule of treatment All patients should be kept undei close clinical 
supervision as long as any active evidence of the disease exists They 
should be asked to leport for examination with then recoids at pio- 
gressively longer intervals 

COMMENT ON EPIDEMIOLOGY 

Attention is diiected to the significance of two recent lepoits in 
regal d to the inadequacy of present methods of approach in pi eventing 
the spread of malaiia First, malaria in the United States, according to 
statistics during the past decade, shows a steady rise in the mortality 
rates and a greater extension in the endemic areas northward and 
westwaid from the so-called malaiial zones This is tiue notwith- 
standing vastly increased expenditures and moie exhaustive lesearch 
Second, the Commission of the League of Nations on Malaiia has 
reported that eradication of malaiia from a community by prophylactic 
treatment with drugs is virtually impossible The repoit goes on to say, 
however, that it is desirable to piovide adequate and easily available 

15 Faust, E C Malaria Mortality in Southern United States foi the Year 
1936, South M J 31 816, 1938 
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treatment for the clinical manifestations of the disease so that the mor- 
bidity, mortality and physical incapacitation of the afflicted persons 
may be diminished 

We believe that the solution of the problem as applied to a com- 
munity lies in thorough treatment of the individual patient We thereby 
are directing our efforts toward eradication of the sources of infection 
(plasmodia carriers) which aie so abundantly supplied by patients 
with the active and chronic conditions Plasmochin m minute doses is 
recommended by some authoiities as an efficient agent for removing 
the cii dilating gametocytes, so that infection of the mosquito is less 
likely to result In cases in which there is peisistence of gametocytes 
aftei the hist intensive couise of treatment, we have employed plas- 
mochin, % gram (0 01 Gm ) at three day intervals until plasmodia are no 
longer found 

Ceitam gioups aie recognized as particular hazards to malaiia com- 
munities b)'- reason of greatei viiulence resulting when they become 
infected and gi eater numbeis of gametocytes develop for mosquito trans- 
mission We lefer to the unacchmated members of the population and to 
childien, who aie thought to be prolific sources fox the dissemination of 
malai ia,^° pi esumably because of then relatively low degree of immunity 

It IS theiefoie uiged that the physician considei malaria in the light 
of public health and that the public health officials adopt a system 
whereby close cooperation between physician and official is assured, in 
order that an adequate check-up can be made on all cases of inalaiia 

SUMMARY 

The concepts of diagnosis and treatment presented in this article are 
based on a study of malaria during forty-two yeais of active practice 
Many of the same cases were under observation foi peiiods ranging 
from fifteen to thiity-five yeais A large percentage of the cases were 
of the estivoautumnal variety 

Chronic malaria is the most pievalent foim of the disease, it has 
no strict geographic limitation, and it is laigely unrecognized and 
untieated 

Vaiious clinical phases of malaiia are described and suggestions for 
their lecognition are given In this connection it is pointed out that 
the atypical phase is most frequently seen 

Objections to “standaidized tieatment” are cited, and a plan of 
treatment obviating these objections is piesented 

Finally, comment is made on the epidemiologic value of thoroughly 
ti eating the individual patient 

16 The Treatment of Malaria, Fourth General Report of the Malaria Com- 
mission, Bull Health Organ , League of Nations 6 897, 1937 
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CONCLUSIONS 

Chionic malaiia is essentially a persistent infection with a stiong 
tendency to i elapse seasonally and extraseasonally in loweied states of 
vitality Foi a piactical diagnosis of chronic malaria greater dependence 
must be placed on the clinical history and on the clinical manifestations 

In the treatment of chronic malaria, control of virulence and arrest 
of progress of the infection is effected by a prolonged follow-up Brief 
courses of specific drugs, spaced in accordance with the periodic 
leleases of meiozoites, to prevent breaking down of phagocytic defense 
by ovei powering multiplication of parasites, and the employment of 
geneial measuies of vital support are the principal means of controlling 
the disease in the individual 

Control of malaiia in communities lests mainly on effective contiol 
of the volume and virulence of the malaria organisms exposed to 
mosquito tiansmission by prompt and thoiough treatment of all infected 
persons This method recommends itself because it is in accord with the 
natural laws operative against the spread of malaria as of other diseases 
It would be more desirable than eradication of the infection in popula- 
tions exposed to inoculation, and it would at the same time control the 
morbidity, the moitahty and the incapacitation resulting from malaria 



BIOPHOTOMETER TEST AS INDEX OF NUTRI- 
TIONAL STATUS FOR VITAMIN A 
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Aftei the repoit by Jeans, Blanchard and Zentmire ^ that the bio- 
photometei may be used to measuie a subject’s nutritional status for 
vitamin A, work was begun in this laboratory, as m many others to test 
its usefulness for this purpose The present aiticle repoits the results 
of over 2,000 biophotometer tests of 459 subjects — 194 adults and 265 
children during more than a yeai of experimentation These tests have 
been made on subjects with both good and poor diets, with and without 
supplements on subjects kept foi long periods on diets deficient in 
vitamin A and on subjects with very high levels of vitamin A intake 
Furthermore, the reading for subjects on the depletion diets have been 
correlated with the amount of vitamin A found in the blood The pur- 
pose of the testing has been to determine first the reliability of the test 
and then its validity as a measuie of vitamin A stores The results of 
the biophotometer studies are reported in this article , those of the studies 
of the blood in another publication - 

Since the literature on this subject has been reviewed by others, the 
review will not be repeated heie Suffice it to say that reports from 
eight additional laboratories on the use of the biophotometei have ap- 
peared Two of these ® confirmed the findings of Jeans and his associ- 
ates , three ^ gave what may be termed qualified confirmation , and in 

From the Department of Home Economics, the University of Chicago 

1 Jeans, P C , Blanchard, M S , and Zentmire, Z Dark Adaptation and 
Vitamin A, J A M A 108 4S1-4S8 (Feb 6) 1937 

2 Steininger, G , Roberts, L J , and Brenner, S Effect of a Depletion Diet 
on the Vitamin A m the Blood of Normal Adults, J A M A , to be published 

3 Jeghers, H The Degree and Prevalence of Vitamin A Deficienc}'- in 
Adults, J A M A 109 7S6-762 (Sept 4) 1937 Corlette, M B , Youmans, J B , 
Frank, H , and Corlette, M G Photometric Studies of Visual Adaptation in 
Relation to Mild Vitamin A Deficiency in Adults, Am J M Sc 195 54-64 (Jan ) 
1938 

4 Schuck, C , and Miller, W O Dark Adaptation of the Eye and Vitamin A 
Storage in Young Adults, Arch Int Med 61 910-915 (June) 1938 Gridgeman, 
N T, and Wilkinson, H Night Blindness and Vitamin A Deficiency, Lancet 


(Footnote continued on next page) 

1170 



ST BIN IN GER-ROBERTS—VITAMIN A 


1171 


three ° it was stated that the biophotometer test is unreliable and of 
doubtful value for diagnosing vitamin A status The evidence at pres- 
ent, theref 01 e, appears to be about equally for and against the usefulness 
of the test It is significant to note, however, that the two most exten- 
sive and well controlled studies—those of Palmer and Isaacs— aie m 
the negative gioup Neveitheless, one cannot ignoie the positive findings 
of the othei woikers that subjects with low leadings have impioved on 
vitamin A supplementation and that m 2 subjects (1 of Jeghers’ and 1 
of Boohei’s) a diet deficient m vitamin A caused marked impairment m 
dark adaptation, the subsequent addition of a supplement resulting m 
lapid impiovement It is clear, however, that these lesults must be 
lepeated in tests of laiger numbers of subjects undei carefully controlled 
conditions before the usefulness of the test m practical nutiition can be 
demonstiated The present study represents a contribution to this 
aspect of the pioblem 

METHOD 

The biophotometer and the technic of its use were desciibed in full 
by Jeans and his associates ^ A brief statement of the theory back of 
the test and the chief points of the method which are essential for an 
understanding of the present article will be given 

The test is based on the theory that ability to see in the dark is 
dependent on the pieseiice of visual purple m the retina When the 
eye is exposed to a bright light the visual purple is bleached and the 
visual threshold is raised The speed and amount of regeneration of 
visual puiple in the dark is believed to be dependent m part on the pres- 
ence of an adequate amount of vitamin A 

The test is carried out m a dark room The subject is asked to 
look into the machine and to state when he sees the middle dot on a 
screen m which the dots are arranged in the form of a quincunx The 
five dots are of graded illumination, and their brightness is controlled by 
a rheostat This rheostat is connected with a dial, the divisions of which 
represent the logarithms of the intensity of light expressed as '‘milh- 

1.905-907 (April 16) 1938 Booher, L E Vitamin A Requirements and Prac- 
tical Recommendations for Vitamin A Intake, J A M A 110*1920-1925 (June 4) 
1938 Booher, L E , and Williams, D E A Study of the Biophotometer as a 
Means of Measuring the Vitamin A Status of Human Beings, J Nutrition 16 
343-354 (Oct ) 1938 

5 (a) Palmer, C E , and Blumberg, H E The Use of Dark Adaptation 
Technique m the Measurement of Vitamin A Deficiency in Children, Pub Health 
Rep 52 1403-1419 (Oct 8) 1937 (6) Palmer, C E The Dark Adaptation 

Test for Vitamin A, Am J Pub Health 28*309-319 (March) 1938 (c) Snelhng, 

C E The Biophotometer as a Test for Vitamin A Deficiency, J Pediat 13 
506-509 (Oct ) 1938 (d) Isaacs, B , Junge, F T , and Ivy, A C Vitamin A 

Deficiency and Dark Adaptation, JAMA 111 777-780 (Aug 27) 1938 
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foot-candles ” Thus, in each reading taken the amount of light required 
by the subject to see the middle dot of the quincunx is recorded 

The testing period of twenty-three minutes is divided into three 
parts (1) a ten minute period in the daik, during which readings are 
taken to familiarize the subject with the testing procedure (the fore- 
period) , (2) a three minute exposure of the subjects’ eyes to a bright 
light for the purpose of bleaching the visual purple (the bleaching period) , 
and (3) a second ten minute period in the dark, during which visual 
purple IS regenerated (the recovery period) During the recovery period 
four readings are taken at three minute intervals, the first of which is 
taken approximately twenty-five seconds after the bleaching light has 
been turned off In interpreting the findings Jeans stated that the shape 
of the curve for the entire test should be considered but indicated that 
the two most significant readings are ( 1 ) the one taken immediately after 
the light IS turned off and (2) the one at the end of the test 

In the present study a standard proceduie was used in testing All 
of the timing for the test was done with a stop watch Special care 
was taken to expose the subject’s ej’^es to the bright light for exactly 
three minutes and to insure that he kept his eyes open and looked 
directly at the light during the bleaching period In analyzing the data 
the two readings indicated by Jeans as most significant were used, 
namely, the one taken immediately after the bleaching period and the 
last one in the test For the sake of brevity these will be referred to 
hereafter as the ‘'first” and “last” readings To avoid confusion the 
entire series of eight readings taken during the twenty-three minute 
period will be termed a “test,” the individual observations being desig- 
nated as “readings ” 

The data obtained aie reported in dial leadings rathei than in “milh- 
foot-candles” of light The reasons for this weie explained fully bj’- both 
Palmer and Isaacs and will not be reviewed here In order to 
facilitate comparison with the standards suggested by Jeans and his 
co-workers and with the work of other laboi atoi les, the “milh-foot- 
candle” equivalents for some of the dial spaces of the instrument used, 
as furnished by the manufactureis of the biophotometei , are given in 
table 1 The limits of the normal, boiderhne and subnoimal zones 
suggested by Jeans are also included 

RELIABILITY OF THE BIOPHOTOMETER TEST 

The filst step in attacking any problem of reseaich is to determine 
the reliability of the test to be used for measuring results, that is, the 
degree to which the findings can be repioduced by the same operator 
on the same subjects under standard conditions In the case of the 
Birch-Hirschfeld photometer, work nevei proceeded beyond this stage, 
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because of inability to secure leliable readings In the piesent study 
the data used in determining the reliability of the biophotometei test 
were obtained from 6 adults who were given from sixteen to twent}’’ 
tests each, 50 children given six tests each and 283 subjects — 48 adults 
and 235 children — who were given two or three tests each Space does 
not permit presentation of the details of the methods used, but the 
essential findings may be summarized as follows 

1 The leadings for individual subjects vary consideiably fiom test 
to test even undei standaid conditions This vaiiation may be sufficient 
to change the classification of the subject from the noimal to the boidei- 
hne or the subnormal zone (by the Jeans standards) or the leveise 
It is obvious, therefore, that single tests of a subject aie of no value 
for diagnostic purposes 


Tabld 1 — Mtlli-Foot- Candles of Light Equivalent to the Dial Spaces foi the 
Bioph-otomeiei Used m This Study 


Dial 

Spaces 

“Millifoot 

Candles” 

Zone Represented by 

First Reading in 
Recovery Period 

Dial 

Spaces 

Zone Represented by 
“Millifoot- Last Reading in 

Candles” Recovery Period 

5 

3 41 

Subnormal 

40 

0136 

Subnormal 

10 

215 

Subnormal 

43 

0103 

Upper limit of subnormal 

15 

136 

Subnormal 

45 

0 0853 

Borderline 

18 

103 

Upper limit of subnonnal 

50 

0 034 

Upper limit of borderline 

20 

0 855 

Borderline 

55 

0 034 

Normal 

23 

0 650 

Upper limit of borderline 

CO 

0 0215 

Normal 

25 

0 540 

Normal 

65 

0 013G 

Normal 

30 

0 341 

Normal 

70 

0 0085 

Normal 


2 The fiist test of a child is the least reliable single test as judged 
by the self-correlation technic The second test, however, is as reliable 
as any of the subsequent single tests It is suggested, theiefore, that 
in working with children the first test should be considered only a 
practice test 

3 Although the lesults of individual tests vaiy, the direction is as 
often up as down, so that the trend for an individual subject is fanly 
uniform The test may be considered fairly reliable, therefore, if the 
tiend of a subject’s readings over an appieciable peiiod is used both 
for establishing a base line in the control period and for determining 
the level with an expeiimental regimen 

4 The mean readings in repeated tests of groups of subjects aie 
fairly stable, they show no consistent tendency eithei to improve oi 
to regress on successive tests This is due to the fact that the random 
variations of individual subjects tend to balance each othei m the total 
group Thus, the learning factor reported by Palmer was not obseived 
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in this stud} It follows, therefore, that the effect of an expeiiinental 
piocedure ma}'^ be measured by the change in mean readings, provided 
(c) that large enough groups are used, {b) that the study is adequately 
controlled and (c) that the significance of the differences obtained is 
determined by accepted proceduies 

5 A study of other factors that might affect the test showed that 
the time of the day the test was taken, the time in relation to meals and 
the operator giving the test had no significant effect on the readings 
obtained The age of the subject, however, did have an appieciable 
effect on biophotometer readings Adults ovei 30 years of age with an 
optimal intake of vitamin A had significantly poorer daik adaptation 
than did childien oi young adults If, theiefore, the test is to be used, 
diffeient standards should be used for older subjects 

This preliminary work demonstiated that the biophotometei test 
IS only fairly reliable and that its use should be safeguarded by the 
aforementioned consideiations 

VALIDITY or THE BIOPIIOTOMETER TEST AS A 
MEASURE or VITAMIN A STORES 

The degree to which the test can be duplicated undei standaid con- 
ditions having been determined, the ciucial problem of its validity can 
be considered, that is, whether the results of the test are m leahty an 
index of the subject’s nutritional status in respect to vitamin A This 
problem was subjected to three types of attack (1) a comparison of 
the biophotometei leadings of subjects fiom high and of those from 
low socioeconomic groups (2) the effect of vitamin A supplementation 
on the readings of subjects with low levels of the vitamin as compared 
with those of a matched gioup and (3) the effect of a long period of 
depletion of vitamin A and subsequent supplementation on the biopho- 
tometei readings 

COMPARISON or BIOPIIOTOMETER READINGS OP SUBJECTS Or 
HIGH AND THOSE OE LOW SOCIOECONOMIC STATUS 

If the biophotometei test is a valid measure of vitamin A stores 
there should be a significant difference in the readings for subjects with 
good and those with poor dietaiy histones To check this point, two 
gioups of children representing the two extremes of socioeconomic 
status were compared (100 children fiom the University Laboratory 
School and 160 children fiom two of the poorest sections of the city) 
Compaiisons were made on two bases (1) the mean biophotometer 
leadings foi the gioups and (2) the percentage of children in each group 
whose leadings classed them as normal, borderline and subnoimal It 
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IS seen m tables 2 and 3 that by both methods of compaiison the chikhen 
from the better socioeconomic group had a definitely higher status than 
those from the less favored gioups The mean biophotometei leadings foi 
the 100 childien fiom the laboratoiy school were 22 8 dial spaces 
foi the fiist and 62 6 for the last reading m the lecoveiy peiiod, those 
foi the 160 childien in the poorer gioup, 197 and 55 8 lespeclivel) foi 
the same leadings The diffeiences between these leadings foi the two 
groups weie eight times the probable eiror and theiefoie aie statistically 
significant By the second method of analysis, moieovei (table 3), 
it was seen that 26 per cent of the univeisity group weie classed as 
“normal” by the Jeans standaids and only 21 pei cent as definitely siib- 


Table 2 — Means and Slandaid Deviations of the Fvst and Last Readings in the 
Rccoveiy Pei tod of Childien fiom a High and a Lozo Socioeconomic Gioup 



Number 

of 

Subjects 

First Reading in 
Recovery Period 

Last Reading in 
Recovery Penod 

Classification of Subiccts 

Mean Dial Standard Mean Dial 
Reading Deviation Reading 

Standard 
Dei lotion 

High socioeconomic group 

100 

22 8 4 21 

62 0 

10 21 

Low socioeconomic group 

100 

19 7 4 43 

55 8 

8 05 

Table 3 — Peicentage of Children fiom the High and Lozv Socioeconomic Gioup 

Classified as Normal, Boideiline oi Siibnoimal Accoiding 



to the Jeans Sfandaid 



Subjects 

Normal, 

Number Percentage 

Borderline, 

Percentage 

Subnormal, 

Percentage 

High socioeconomic group 


100 26 0 

53 0 

210 

Low socioeconomic group 


100 15 6 

41 9 

42 5 


1101 mal, as compaied with 15 6 per cent of the pooiei group who fell 
in the “noimal” and 42 per cent in the “subnoimal” zone 

These compaiisons tend to support the validity of the test, since the 
gioup that presumably had the better stores of vitamin A also gave 
the highei biophotometer readings Acceptance of validity on this basis, 
however, makes it necessary to explain the fact that 74 per cent of the 
superior group fell in the borderline and subnormal zones It is lecog- 
nized. of couise, that the diets m this gioup may not all have been 
optimal in vitamin A, but it is difficult to believe that so large a number 
were deficient An alteinatne explanation would be that the diets of 
the majoiity of these children were m leality adequate and that the 
standaids of Jeans are too high This possibility is supported by the 
finding that the mean readings foi the 46 children in the university 
group who had been taking vitamin A concentrates wei e no highei than 
those for the lest of the group 
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ErrECT OF A VITAMIN A SUPPLEMENT ON 
BIOPHOTOMETER READINGS 

The second appioacli was to determine whethei subjects with sub- 
normal leadings could be made to impiove by a vitamin A supplement 
The children fiom the poorei locality were used to check this point 
From the original 160 childien who weie given tests, two groups of 
50 each were foimed by pan mg childien on the basis of age, height, 
weight, intelligence quotient and oiiginal biophotometei readings 
Although individual pans could not be perfectly matched on every item, 
caie was taken not to match a child who was much underweight with 
one over average or one with a low intelligence quotient with one with 
a high quotient and to give the odds on the difterent items first to one 
group and then to the other As a lesult, two gioups were formed 
whose means for eveiy item used m matching were almost identical and 
whose individual pairs were lemarkably alike in significant factors 
These groups were considered well adapted foi the study 

After a second test, therefore, each child in the experimental group 
was given a supplement of vitamin A in the form of carotene for five 
days a week during a peiiod of eight weeks® Foi the first six weeks 
this daily supplement was 10,000 units, during the last two weeks it 
was increased to 20,000 units pei day Each child was given his capsule 
of carotene individually and was lequiied to sivalloiv it m the presence 
of the observei At tivo iveek mteivals biophotometei tests were given 
all the children m both the control and the expeiimental gioups, making 
a total of SIX tests of each child It should be noted that this study 
differs from those leported m the literature in the size of the group 
studied and m the facts that the contiols and the expeiimental subjects 
ivere carefully matched at the beginning of the investigation and the 
progress of each child was obseived by regular tests throughout the 
study 

The effect of the supplement ivas judged by compaiing the progress 
made by the two gioups on the basis of (1) the mean leadings, 
(2) the percentage of childien in noimal and subnormal zones and (3) 
the relative impiovement made by partneis in the matched pairs 

Mean Biophotometer Readings — ^\Vhen the mean biophotometei 
readings for the two groups m each of the six tests aie compaied 
(table 4, chart 1) it is seen that theie was little diffeience m their 
progress The experimental group did, it is tiue, show a net increase 
in the mean readings of 1 5 dial spaces for the first leading m the 
recoveiy period, ivhile the control group showed a decrease of 0 8 dial 
spaces When, however, the tiend foi the means of the individual tests 
is observed (chart 1), it is seen that this difference was contributed 

6 The carotene was supplied by the S M A Corporation, Cleveland 
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laigely b}'’ the last two tests and may easily ha\e been fortuitous The 
same tiend was noticed in the last leadings in the reco-very period, the 
experimental group was slightly m the lead but not significant!) so 
If, howevei, each of the two groups is subdivided into the subjects 
foi whom the highest, the intei mediate and the lowest oiiginal test 
values were recoided, it is found that most of the improvement was 
made by the group for which the levels weie lowest The means foi 
the fiist reading for the 16 controls and the 16 expeiimental subjects 
in this lowest group, identical at the beginning, diveiged widely on 
succeeding tests and were 4 dial spaces apart on the sixth test (chait 1) 
That this improvement of subjects with low levels of vitamin A was 
not due to the "centiipetal” diift observed by Isaacs and his associates 
IS evidenced by the fact that the matched partners in the control group 
did not show a significant impiovement 



Chart 1 — Comparison of the mean readings for the contiol and for the evpeii- 
mental group in each test 


Table 4 — Mean Dial Readings of Each Gioup of 50 Childien m Each 

of the Six Tests 



Total 

Lowest 

Middle 

Highest 


(50 Pairs) 

(1C Pairs) 

(IS Pairs) 

(16 Pairs) 





A 






/ 









Con 

Experi 

Con 

Experi 

Con 

Expen 

Con 

Experi 


trol 

mental 

trol 

mental 

trol 

mental 

trol 

mental 

First reading in reeoi ery penod 








First test 

18 9 

19 0 

151 

151 

18 8 

19 5 

22 6 

22 4 

Second test 

18 7 

19 6 

14 5 

15 4 

19 6 

18 8 

218 

216 

Third test 

IS 5 

17 6 

15 0 

16 5 

19 8 

16 8 

20 4 

19 8 

Fourth test 

19 6 

20 0 

16 8 

19 3 

19 3 

18 8 

228 

22 2 

Fifth test 

18 9 

201 

15 9 

19 3 

19 2 

18 8 

21 4 

22 2 

Sixth test 

181 

20 5 

15 6 

19 6 

17 6 

19 4 

21 1 

22 8 

Last reading in recovery period 








First test 

56 1 

55 0 

541 

501 

55 0 

55 6 

59 3 

58 6 

Second test 

571 

53 7 

53 9 

491 

55 6 

54 9 

619 

569 

Third test 

55 3 

53 6 

536 

52 5 

54 8 

52 3 

57 4 

561 

Fourth test 

568 

55 2 

549 

53 5 

55 0 

52 6 

58 8 

59 8 

Fifth test 

55 3 

56 3 

534 

55 4 

53 9 

55 5 

58 7 

531 

Sixth test 

52 8 

55 G 

518 

54 8 

521 

54 2 

519 

581 
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Change m Pei ceniage of Chtlch en in Noi mcl and m Suhnoi nial Zones 
— An advantage for the experimental group is also shown by the change 
in the number of subjects whose readings classed them as “normal” 
01 “subnoimal” by the Jeans standards at the beginning and end of the 
study (table 5) The percentage of normal subjects in the expeiimental 
group increased from 8 to 20, while in the control group it remained 
unchanged Conversely, the percentage of the experimental subjects 
rated as definitely subnormal decreased fiom 50 to 32, while that of the 
control group increased from 44 to 56 It is again noted that the greatest 
part of the improvement was contiibuted by the 16 children for whom 
the lowest original readings were recorded 

Table 5 — Percentage of Children in Each Group Classified as Notinal, Boider- 
Itne and Subnormal at the Beginning and End of the Study 


^orInaI Borderline Subnormal 

__A A * 


Group 

Control 

Evperl 

mental 

Control 

E\peri 

mental 

Control 

E\peri 

mental 

Total (50 pairs) 

Second test 

80 

80 

48 0 

42 0 

44 0 

500 

Bast test 

80 

20 0 

30 0 

48 0 

30 0 

32 0 

Lowest (16 pairs) 

Second test 

00 

00 

12 5 

02 

87 5 

93 8 

Bast test 

02 

02 

12 3 

30 3 

81 3 

37 5 

Middle (18 pairs) 

Second test 

50 

00 

500 

53 0 

44 4 

44 4 

Bast test 

00 

10 0 

sso 

38 9 

01 1 

44 5 

Highest (16 pairs) 

Second test 

18 7 

250 

81 3 

02 5 

00 

12 5 

Bast test 

18 7 

37 5 

503 

500 

25 0 

12 5 


Relative Pi ogi ess of Pai tneism Matched Gi oiips — The most severe 
as well as the most reliable method of assessing the results is to compare 
the relative progress of the individual partners in the 50 matched pairs 
To facilitate such a comparison chart 2 has been prepared It shows 
the first dial reading in the recovery period for each of the 50 matched 
pairs in each of the six tests It is evident at a glance that there is 
great variability in the readings from test to test, with no pronounced 
indication of any superiority of the experimental group over the control 
If individual charts are examined it is found that the status of 22 
experimental subjects was improved, that of 11 was the same and that 
of 17 was actually lower than at the beginning, in the control group 
the status of 15 was improved, that of 7 was the same and that of 28 
was worse than at the beginning When the final status of the partners 
is compared, moreover, in 30 pairs, or 60 per cent, it is seen that the 
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experimental child had a somewhat higher reading than the control 
partner with whom he was matched at the beginning, in only 12 pairs, 
or 24 per cent, did the contiol child have the advantage These evalu- 
ations, howevei, exaggerate the diffeiences between the groups Fiom 



Chart 2 — Readings for each of the 50 pairs of children m each test 


actual inspection of the chait, only the ones maiked with an asteiisk 
seem to us to be real ditfeiences Theie weie only 16 such pairs, and 
m 14 of these the advantage was with the child to whom the supplement 
was given 

It IS of special interest to note again that it was in the lowest gioup 
that the Implo^ement was most maiked Of the 14 children shoving 
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decidedly better piogiess than then contiols, 7 weie in this low group, 
5 were in the middle gioup and 2 weie in the highest gioup This 
IS in accoid with the claims of Booher and others that the test is most 
useful foi measuring piogiess m cases of maiked dysadaptation It 
should be pointed out, howevei, that 46 of the 50 expeiimental subjects 
were in the borderline or the subnoimal zone at the beginning and should 
presumably have responded to the supplement if the test were a precise 
measure of vitamin A stores 

To sum up the lesults of this portion of the study, there appeals 
to be little doubt that the supplement did cause some improvement 
The experimental group showed a greater advance m mean dial reading, 
a somewhat greater inciease m the percentage of childien in the normal 
zone and more children whose gams exceeded those of their partners 
The results were not sufficiently clearcut, however, to waiiant the con- 
clusion that a child’s stoies of vitamin A beai a diiect i elation to the 
biophotometer readings This is shown by the facts that more than 
half the children receiving the supplement failed to impro\e and that 
26 per cent of the contiol children gamed moie than their partners 
It would seem, then, that while the test may be of some value m show- 
ing the relative progress of groups, its usefulness in determining the 
nutritional status for vitamin A of individual subjects is doubtful 
Since, however, most of the improvement noted was made by the chil- 
dren for whom the test values weie lowest, it may be concluded that a 
child with a test value in the veiy low zone is moie apt to show sub- 
chnical vitamin A deficiency than one foi whom a higher test value is 
recoi ded 

EFFECT or A DEPLETION DIET ON BIOPHOTOMETER READINGS 

The most crucial attack on the problem of the validity of the test 
was to study the effect of a diet low m vitamin A on the biophotometer 
readings to ascertain whether the results reported by Jeghers and by 
Booher for 1 subject each could be reproduced Six women seiwed 
as subjects These subjects ate a constant weighed diet which as cal- 
culated contained less than 100 units of vitamin A pei day All subjects 
ate identical amounts by weight of any food which contained a significant 
amount of vitamin A or caiotene, but certain foods, such as cakes made 
from hydrogenated fat, sugar, egg white and white floui, were allowed 
ad libitum The plan was to continue the diet until the subjects were 
definitely night blind, as judged by the test, and then to determine the 
amount of a vitamin A supplement requiied to restore them to normal 
Unfortunately this was not possible except m 2 cases, as the school year 
closed before this end was accomplished Thiee subjects were on the 
depletion diet for twenty-five, thirty and forty-four days respectively, 
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and the lemaining 3 were on this diet for one bundled and twenty-thiee 
days, having each received a small supplement, of 1,000 units, of 
vitamin A on the sixty-fifth day and again on the seventy-second and 
seventy-sixth day 

The individual biophotometei readings for the six subjects during 
these peiiods aie shown in chart 3 It will be noted that only 2 of the 



Chait 3 — Individual readings for the 6 subjects on the depletion diet 


6 subjects showed the expected drop in biophotometer reading Both 
of these showed a significant change at the end of two weeks and 
dropped rapidly theieafter M F at twenty-five days exhibited defi- 
nitely impaired daik adaptation, m fact, the readings were as Io\\ as 
the instiument used would measure She was then given 100,000 units 
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of vitamin A m the moining and tested at two hour inteivals during the 
first day Hei lesponse was prompt and spectacular, the readings were 
almost up to their oiigmal level by the end of the day In the case of 
E S also the values dropped lapidly on the depletion diet from the 
oiigmal level of 35 to 5 at the end of forty-five days, they likewise lose 
immediately when she was given 2,000 units of vitamin A Had only 
these 2 subjects been studied, conclusions as to the validity of the test 
would have seemed warranted The othei 4 subjects, howevei, did not 
exhibit this response, though 3 of them continued the experiment for 
foui months Then day to day leadings showed much vaiiation, with 
occasionally a small drop and then a rise suggestive of improvement 
Unfortunately, however, these rises weie not coincident with the periods 
of supplementation In fact, one could not by inspection of the graphs 
of these 4 subjects determine which weie peiiods of depletion and whicn 
peiiods when supplements ivere being employed 

The most obvious explanation for the variation in i espouse of these 
6 subjects IS that there must have been a difference in their stoies of 
vitamin A A study of their dietary histones does not support this 
belief Of the 2 subjects who showed decreased readings, 1 had a 
histoiy of a low intake of vitamin A, but the second apparently had 
an exceptionally high intake Of the 4 subjects who showed no sig- 
nificant change in leadings during the peiiod of depletion, 3 had dietary 
histones showing a veiy high intake of vitamin A, while the fouitli 
had only a fair dietary history Moreover, if the biophotometer test 
IS a valid indication of the body’s stoies of vitamin A, the subjects for 
whom the lowest original leadings ivere lecorded should have been the 
ones to respond by decreased readings when placed on a diet deficient 
in vitamin A, but this was not the case Two subjects whose original 
leadings placed them in the boiderline oi the deficient zone (G S and 
KM) showed no significant diop aftei foui months, and 1 subject 
(E S ) whose leadings went down lapidly with the depletion diet had 
the highest original readings of any in the group 

The most interesting case in the entiie study was that of G S , 
who had been given frequent tests with the biophotometei for nine 
months previous to the time she was placed on the deficient diet, so 
that a consecutive study of the readings for over a yeai was possible 
When she was first tested, the leadings classified hei at the upper limit 
of the subnormal zone Since an ophthalmologic examination revealed 
no cause for these low readings, an attempt was made to mciease them 
by supplements of vitamin A The dose varied from 20,000 to 100,000 
units of vitamin A pei day Various supplements were used in turn, 
halibut liver oil, cod liver oil concentrate, cod liver oil and carotene 
This subject w^as given a total of 157 biophotometer tests during one 
year The fiist leading in the lecovery period for all of her tests aie 
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shown in chart 4 It will be noted that regardless of whether this 
subject received 100,000 units of vitamin A per day oi less than 100 
units theie was no tendency foi the general trend of the readings to 
vary The mean for the 157 tests was 17 6 with a standard deviation 
of 1 7 for the fiist leading in the lecoveiy period and 56 9 with a 
standaid deviation of 4 6 toi the last 

It IS possible, of course, to explain the failure of this subject to 
lespond to changes in her intake of vitamin A if it is assumed that the 
standards were too high and the capacity foi stoiage of vitamin A 
of the same oidei as that found in experimental animals If hei 
adaptation was noimal at the outset, increasing the vitamin A intake 
even up to 100,000 units would, of course, not effect any change 
Furtheimoie, if a considerable proportion of the laige excess of vitamin 
A ingested duiing the supplementation peiiod was stoied, it might easily 



Chart 4 — First and last readings in the recovery period foi the one hundred and 
fifty-seven tests given subject G S The intake of vitamin A varied from 100,000 
to 100 units per da}"- 


have been sufficient to supply her dunng the foui months of depletion 
This would seem a plausible explanation It is difficult, however, to 
reconcile it with the repoit of Jegheis on a subject who after large 
supplements of vitamin A showed loweied biophotonieter readings 
within a week on a deficient diet 

The lesults in these 6 cases emphasize the dangeis of drawing con- 
clusions from findings on 1 or 2 subjects The fact that 2 subjects 
showed decidedly lowered readings after twenty-five and forty-foui 
days respectively on a deficient diet must be interpreted to mean that 
the results of the biophotometer test are influenced by the vitamin A 
intake of some persons On the other hand, the facts that 4 subjects 
failed to respond after foui months on the depletion diet and that the 
1 espouse of the 6 subjects w’^as not consistent with eithei their original 
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biophotometei readings or then dietaiy histories indicate that the rela- 
tion between the test and the vitamin A stores is certainly not clearcut 
and infallible 

COMMENT 

The evidence presented shows clearly that there is some relation 
between biophotometer readings and vitamin A stores Thiee lines of 
evidence support this contention 1 The mean readings of children 
in the higher socioeconomic group were significantly higher than those 
in the lower socioeconomic gioup 2 The children who were given 
a supplement showed a slight improvement ovei their matched controls 
3 Two subjects on a diet low m vitamin A responded with lowered 
readings and immediately improved when a supplement was given 

While this evidence is in support of the validity of the test, it does 
not warrant the contention that the test can be used as a diagnostic 
measure for determining deficiency in vitamin A, nor does it signify 
that changes in readings are necessarily associated with changes in 
vitamin A stores The following evidence makes such conclusions 
unwarranted 1 Many subjects known to be living on a diet rich in 
vitamin A were classified by the readings as subnormal 2 The majority 
of the children who were given a supplement never attained “noimal” 
readings 3 The relation of vitamin A to biophotometer readings was 
not consistent, in that 30 per cent of the children in the control group 
who gave original low readings improved without any supplement while 
56 per cent of the expel imental group who received one did not 4 
Four out of 6 subjects did not lespond to a diet low in vitamin A with 
lowered readings 5 There was considerable variation in leadings foi 
the same subject on successive tests Thus many subjects tested under 
standard conditions were classified as normal on one test and borderline 
or even subnormal on the next 

Part of this negative evidence is removed if one admits that the 
suggested standaids are too high Such an admission carries with it 
the necessity of recognizing that the incidence of mild vitamin A defi- 
ciency is much lower than has been reported Moreover, even with 
lower standards for normal readings there would be some subjects 
giving low readings who had noimal stores and some giving higher 
readings who had poor stoies The question of the value of the 
biophotometei test, then, is dependent on the purpose for which the 
test IS used and the interpretation given to the results It has been 
shown that the means of the biophotometer readings for large groups 
of subjects remain fairly constant from test to test and consequently 
could be used to place the gioups in relation to each other In well 
controlled studies the test could also be used to measure the effect of 
a supplement by noting the effect on the mean for the gioup When, 
however, the individual subject is considered, the test is much less useful 
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It does not seive satisfactority for diagnosing mild vitamin A deficienc} 
It IS true that a subject who gives veiy low readings is more apt to be 
deficient than one who gives high readings, but a change in any one 
subject’s readings from test to test is as apt to be due to chance as it 
IS to be related to his nutritional status for vitamin A The piocedure 
lecommended is that of testing peisons frequently and judging the 
effect of a supplement by comparing their progress with that of well 
matched controls This method is, however, expensive of time and is 
warranted only when there is no better means available foi measuiing 
vitamin A deficiency The situation is similai to the use of capillaiy 
fragility m measuring vitamin C deficiency In a well controlled study, 
until better methods are available, both tests might be advantageous!} 
used, together with other measures of nutritional status, to follow the 
progiess of a group, but the interpretation of lesults foi individual 
subjects should be made with caution 

It should be emphasized that these conclusions are concerned not 
with the fundamental problem of whether tests of dark adaptation can 
be used to determine vitamin A stores but meiely with the usefulness 
of the biophotometei for this purpose It is recognized that some 
of the difficulties encountered are mechanical ones which presumably 
could be remedied in the construction of the instrument used All 
tests which depend on the subject’s stating when he sees a point of light, 
however, carry a subjective element, and errois of interpretation are apt 
to occur unless the reliability of the test is detei mined and the study 
caiefully controlled 

Certainly the theory behind the test is sound, and the results even 
with an instrument as simple m constiuction as the biophotometer, are 
sufficiently encoui aging to warrant further study both foi improving 
the instrument for measuring dark adaptation and foi detei mining its 
validity as a measuie of nutritional status for vitamin A Whatevei 
may be the outcome, great ciedit is due to Jeans and his co-workers 
and to the makeis of the biophotoraeter for taking the initial step in 
this new line of nutiitional reseaich 

SUMMARY 

The results of over 2,000 biophotometer tests on 459 persons were 
analyzed to determine the reliability of the test and its validity as a 
measuie of the nutiitional status for vitamin A The outstanding 
findings follow 

1 Single tests of a subject aie unreliable, as the readings ina} ^ary 
so widely on successive tests, even with a constant dietary legimen, 
as to change his classification to or from the normal or the subnormal 
zone The geneial trend, however, of the readings for the same subject 
IS fanly constant, and the test, therefoie, can be used to determine the 
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level foi a person or for a gioup if a sufficient number of readings 
aie obtained to determine their vanabilit)’’ This procedure is time 
consuming and practically rules out the test, even if it were valid, for 
routine clinical use 

2 For children from a high socioeconomic level the biophotometer 
readings weie significantly higher than for children from a low socio- 
economic level Only 26 per cent of the children m the superior group, 
however, gave readings which classified them as “normal” according 
to the Jeans standards 

3 A supplement given to 50 childien foi whom the original leadings 
were low caused no significant difference in the mean readings of the 
gioup as a whole as compared with those of a matched group of 50 
contiols More than half of the childien leceiving the supplement, 
moreover, failed to impiove, and 26 pei cent of the control children 
gained moie than did their partners It is worthy of note, however, 
that in 14 of the 16 pairs in which a real diffeience was evident the 
odds were m favor of the child who received the supplement 

4 A depletion diet caused a significant change in the biophotometer 
readings for only 2 of 6 subjects, although 3 of the others remained 
on the diet for foui months The response of the 6 subjects to the 
depletion diet was not consistent with eithei their oi iginal biophotometer 
readings oi their dietaiy histones 

These results make it evident that, although some i elation exists 
between the biophotometer readings and vitamin A nutrition, the rela- 
tion is not close enough to warrant the use of the test as a means of 
diagnosing subclinical vitamin A deficiency The basis idea, however, 
of the use of measurements of dark adaptation for detei mining defi- 
ciencies of vitamin A seems promising and worthy of further expeii- 
mentation 

Hazel Lapp, Berniece Anderson and Helen Parks gave technical assistance 
in this study, performing many of the tests Helen Hemzelman collaborated m 
the section on the effect of a depletion diet on biophotometer readings Miss 
Hemzelman carried out the work on 2 subjects and has reported the details m 
her Master’s thesis, “The Relation of Vitamin A Intake to Visual Adaptation to 
Light and Dark as Determined by the Biophotometer,’’ University of Chicago, 1939 
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Infantilism has been frequently seen as a sequela of such chronic 
debilitating diseases as chronic lenal disease, congenital and iheumatic 
heart disease, diabetes mellitus, avitaminosis, congenital syphilis, Addi- 
son’s disease,^ Still’s disease ® and congenital hemolytic ictei us ^ Infan- 
tilism has been frequently reported in gastrointestinal disoiders, espe- 
cially m celiac disease and idiopathic steatorrhea In one series of 
IS cases of idiopathic steatorihea, characteristic stigmas of infantilism 
appeared m 10 It has been found also m cases of chionic intestinal 
tuberculosis ^ I have seen 1 such case in the past yeai 

Despite the frequent mention of infantilism associated with the 
gastrointestinal disorders mentioned, it has not been reported in ulcera- 
tive colitis Bargen,® m summarizing the sequelae m 1,500 cases of 
ulcerative colitis, did not mention infantilism, nor did he, Jackman 
and Kerr ' speak of it m discussing anothei senes of 871 cases, in 243 
of which the patients weie in the second and third decades of life 
Mackie,® in his report on the deficiency states m 75 cases of ulcerative 
colitis, did not mention infantilism, noi did Lups ® or Rankin, Baigen 

From the Medical Service of Dr L Lichtwitz, Montefiore Hospital 

1 Ellis, A , and Evans, H Renal Dwarfism, Quart J Med 2 231, 1933 

2 Apert, E Infantilism, translated by R W B Ellis, London, M Hopkinson, 

1933 

3 Rosenfeld, A S Still’s Disease, J A M A 69 115 (July 1^ 1917 

4 Langston, W Infantilism in Congenital Hemolytic Jaundice, South M J 
28 316, 1935 

5 (a) Bennett, T I , Hunter, D , and Vaughn, J M Idiopathic Steator- 
rhea, Quart J Med 1 603, 1932 (b) Thaysen, TEH Idiopathic Steatorrhea, 
ibid 4 359, 1935 (c) Hanes, F M , and McBryde, A Identity of Sprue, 
Nontropical Sprue and Celiac Disease, Arch Int Med 58 1 (July) 1936 

6 Bargen, J A Management of Colitis, New York, National Medical Book 
Company, Inc , 1936 

7 Bargen, J A , Jackman, R J , and Kerr, J G Life Histones of Patients 
with Ulcerative Colitis, Ann Int Med 12 339, 1938 

8 Mackie, T T Ulcerative Colitis Factor of Deficiency States, J A 
M A 104 175 (Jan 19) 1935 

9 Lups, S Vaccine Therapy in Ulcerative Colitis, Am J Digest Dis &: 
Nutrition 2 65, 1935 
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and Buie in their detailed discussion of the disease It probably 
has been seen but not leported 

In the past two years at Montefioie Hospital infantilism has been 
observed in 3 cases of ulcerative colitis 

REPORT or CASES 

Case 1 — L E , a 17 i^ear old white youth, was admitted to the private pavilion 
on Aug 17, 1937 His histor}-^ was uneventful until 1932, when, at the age of 
12 years, he was operated on for a rectal abscess and fistula He lost considerable 
weight and during his slow convalescence began to have diarrhea, which con- 
tinued intermittently until 1936 At this time failure of physical development was 
noted, and he was given anterior pituitary extract parenterally There was some 
improvement of the gastrointestinal sjmptoms and a gain in weight Soon after 
he began to have severe cramps and fever in addition to the diarrhea and on 
admission was having eight bowel movements a day 

Physical Eiammahon — The patient was afebrile, emaciated and poorlv devel- 
oped, appearing about 12 }ears of age rather than his stated age of 17 The 

heart, lungs and abdomen appeared normal on physical examination The blood 

pressure was 90 systolic and 50 diastolic There was no pubic, axillary or facial 
hair The penis vas infantile, the right testis, small but descended The left testis 
was not palpable in the scrotum or inguinal canal He weighed SO pounds 

(22 7 Kg) 

Laboiatofy Data — The hemoglobin content was about 4 5 Gin except for 
temporary remissions after blood transfusions The stools were liquid and 

brown and contained gross blood and mucus Studies of fat in dry stools showed 
7 2 per cent total fat, with 3 5 per cent fatty acids and 3 7 per cent neutral fat 

Couise — He was treated with a high vitamin diet, vitamin C, gonadotropic 
substance from the urine of pregnant women, liver extract gnen intramuscularly 
and a series of transfusions Little impro\cment resulted Bilateral parotitis, 
gangrenous stomatitis and bronchopneumonia developed, and he died on Sept 10, 
1937 

Postmortem Eramviattou — Bilateral bronchopneumonia, bilateral parotitis, 
gangrenous stomatitis, gingivitis and esophagitis were observed There were old 
infarcts of the spleen and evidences of old rheumatic infection of the mitral 
valve The gastrointestinal tract revealed an edematous intestinal mucosa, with 
extensive confluent ulceration of the entire ileum and colon The glomerular and 
reticular layers of the adrenal cortex were intact, but there were degenerative 
changes in the fascicular layers There was marked hypoplasia of the tubules 
of the testes, with virtually no cellular differentiation Spermatogenesis was absent 
The interstitial cells had large vesicular nuclei with clear cytoplasm 

10 Rankin, F W , Bargen, J A , and Buie, L A The Colon, Rectum and 
Anus, Philadelphia, W B Saunders Companj', 1932 

11 Case 1 was a private case of Dr L Lichtwitz, cases 2 and 3 were from 
the gastrointestinal division of Dr J L Kantor 

12 Postmortem examination in case 1 was done by Dr William Sternberg, 
in case 2, by Dr David Silberman The special studies of the pituitary were made 
by Dr Charles Spark 
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Case 2 — R H , a white boy 15 3 'ears of age, was admitted to the medical serMce 
m 1936 because of bloody diarrhea In infancy he had had eczema, at the age of 
9 years, t 3 T>hoid fever Between the ages of 10 and 12 years he had developed 
normally but was always small of stature In 1934, at the age of 13, he began to 
have attacks of bloody diarrhea and abdominal cramps He was hospitalized with 
some improvement but had an exacerbation with recurrence of abdominal 
complaints in 1936, when he was again hospitalized At that time, at the age of 
IS, he was noted to be physically immature, and the diagnosis of secondary 
infantilism was made He was treated with antidysentenc serum without results 
and then transferred to Montefiore Hospital 

Physical Exaimnaiwn — The patient was undernourished and underdeveloped and 
seemed much younger than his stated age of 15 He weighed 63 pounds (28 6 Kg ) 
and was 59 inches tall (149 9 cm ) There was no hair on the face, axillas or 
pubis The heart was normal , the lungs were clear Neither liver nor spleen was 
palpable, nor were there other abdominal masses 

Laboiatory Data — Analyses of the urine showed some albumin and an occasional 
cast The hemoglobin content was 80 per cent on admission but soon dropped to 
60 per cent, at which it remained The urea nitrogen content of the blood was 7 1 
mg per hundred cubic centimeters and the dextrose content 84 mg The serum 
proteins were 5 8 Gm per hundred cubic centimeters with 3 2 Gm of albumin and 
2 6 Gm of globulin The stools constantly contained gross or occult blood 
Roentgen studies of the gastrointestinal tract were interpreted as typical of colitis 
gravis of the entire colon 

Course — After one year’s supportive therapy, the patient was discharged unim- 
proved in May 1937 He did well for a while, but his general condition became 
worse, although he had but three or four bowel movements daily He was 
readmitted in June 1938 

Readmission — On admission he weighed but 51 pounds (23 1 Kg ) , 12 pounds 
(5 4 Kg) less than he had weighed on the previous admission two years before 
His height was the same, he was pale and emaciated, and his apparent age was 
12 years His voice was high pitched There was no hair on the face, pubis or 
axillas The heart and lungs appeared normal on physical examination The liver 
was enlarged down to the umbilicus, and the spleen was palpable The skin was 
dry and hardened The penis was small and atrophic The testes were small 
and soft 

Lahoiatoiy Data — ^The hemoglobin content W'as 36 per cent, with 2,600,000 
erythrocytes The serum proteins were 6 5 Gm per hundred cubic centimeters, 
with 2 1 Gm of albumin and 4 4 Gm of globulin The urea nitrogen content of 
the blood was 6 2 mg per hundred cubic centimeters, the calcium content 8 7 mg 
and the phosphorus content 3 7 mg The dextrose tolerance test with 30 Gm of 
dextrose show'ed a fasting blood sugar content of 90, with a peak of 120 in one hour 
There was no blood in the stool Roentgen and fluoroscopic studies revealed 
pronounced enlargement of the transverse and descending aorta compared w'lth the 
films made on previous adfnission Roentgenograms of the skull and long bones 
demonstrated some osteoporotic changes The Congo red test showed 100 per cent 
retention of the dye in the tissues after one hour, indicating amjdoidosis 

Course — The patient was fed a high protein diet and given vitamin preparations, 
iron and liver by mouth Nevertheless, he declined steadily and on Oct 21, 1938, 
died, after three days of continuous blood diarrhea 

Postmoitem Examination — The heart weighed 100 Gm There were no gross 
or microscopic abnormalities The supravalvular portion of the aorta showed a 
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saccular dilatation, with a ring of narrowing The descending portion of the thoracic 
aorta showed fusiform dilatation and at the level of the diaphragm appeared to be 
narrowed by a definite band of intima Microscopically there was extensive 
destruction of the inner and outer elastic membranes and muscle fibers of the 
media of the aorta The endothelial lining was fairlj'- w'ell preserved In the outer 
layer of the adventitia were numerous large collections of chronic inflammatory 
cells with areas of hyalinization The intimal coat had a similar appearance 
The gastrointestinal tract revealed a normal esophagus The jejunal mucosa 
was slightly injected The ileum displayed several patches with atrophic gray 
mucosa The distal 12 inches (30 5 cm ) of the ileum and the entire colon showed 
a pmk-tinged mucosa with pinpoint hemorrhages There were several areas, 
especially in the sigmoid, where the mucosa was atrophic and gray Otherwise 
the mucosa appeared hypertrophic and in numerous areas formed what appeared 
to be sessile papillae Microscopically the mucosa and submucosa of the disal half 
of the ileum and the entire colon were extensively infiltrated with lymphocytes, 
plasma cells and a few eosinophils The muscular coat was thickened and invaded 
by lymphocytes and plasma cells The outer muscular coat showed nuclear shrinkage 
surrounded by a clear zone and honeycombed appearance There were patches of 
amyloid beneath the epithelium in the small and large intestine 

The liver and spleen were both enlarged and contained considerable amyloid 
deposits There was also amyloidosis of the kidney, with many glomeruli partly or 
completely replaced by amyloid The pancreas w’as grossly normal but micro- 
scopically showed deposition of amyloid 

The parathyroids were enlarged, with moderate and marked replacement of the 
cells with amyloid The thyroid was small , the follicles, large and filled with 
layered pink colloid The adrenals were normal in size and showed fatty infiltration 
in all zones There was marked amyloid replacement of the fascicular zone Only 
a few pigmented cells remained There was fibrosis of the medulla 

The testes were small and microscopically prepubertal The tubules were small 
There were no mitotic figures or any evidence of maturation The interstitial cells 
were swollen, with round vesicular nuclei and colorless cytoplasm 

Because the literatuie contains no previous extensive pituitary studies 
in cases of secondary infantilism, the studies of the gland m this case 
are reported m detail 

The gland weighed 360 mg It was sectioned in five sagittal levels The 
sections were stained in Mallory’s triple stain preceded by hematoxylin 

The most striking change m the anterior lobe was that seen in the nuclear 
elements of all the cells All the nuclei were large and vesicular and many possessed 
large nucleoli There was a definite increase m the number of basophil cells and 
a decrease in the number of acidophils The basophil cells w'ere large and had 
abundant deep-staimng granules and showed little vacuolization There were many 
small nodules of adenomatoid hyperplasia of the basophilic elements There were 
scattered small foci of transitional basophils that were growing m the form of a 
syncytium There were no colloid basophils 

The acidophil cells were most numerous in the region of the pars intermedia, 
and there their arrangement was rather atypical The cells showed marked 
variation in size and shape and in places seemed to be growing m irregular 
anastomosing strands instead of the usual growth in cell columns and follicles 
Many pyknotic nuclei were present in these atypical areas 
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There were many “large chromaphobe cells” These had large %esicular nuclei 
and abundant watery cytoplasm containing scattered grayish granules which did 
not take either the acid or the basic stain Many of these cells w'ere arranged in 
follicles with retention of colloid droplets in the center, and both types of chromophil 
cells were intermingled among them 

A striking feature of the anterior lobe was the presence of large numbers of 
follicles containing colloid, and in some instances the colloid appeared to be 
calcified A small proportion of the basophil cells were extremely bizarre, some 
reaching a giant size wnth abundant granules Many binucleatcd cells were 
present 

The capillary bed of the anterior lobe appeared to be compressed by the hyper- 
plastic growth of the cellular elements Theie w'cre few typical chromophobe 
cells In many areas the nuclei of all the cell types were so closely aggregated 
that the growth appeared to resemble a syncytium The lesidual lumen was 
present, and it was filled with colloid 

There was only an occasional basophil cell infiltrating the posterior lobe Few 
pigmented pituicytes were present in the posterior lobe 

Case 3 — H F, a white youth aged 17, was admitted to the medical 
service in January 1938, because of bloody diairhea Until the age of 11 he had 
been a normal boy, with normal development and stature In 1931 there was a 
sudden onset of fever, with pains in the joints and purpura These symptoms 
lasted several months, at the end of which bloody diarrhea developed, for which he 
was hospitalized There were exacerbations and remissions In 1935, after a 
particularly severe bout, he was again hospitalized, and roentgen studies suggested 
the diagnosis of ulcerative colitis After therapy with vaccines was ineffectual, 
ileostomy was done in 1936, followed by resection of half of the colon There was 
no marked improvement, however, and he entered Montefiore Hospital complaining 
of weakness, anorexia and diarihea, with six to ten black stools daily 

Physical ExavunaUan — The patient was markedly emaciated, undernourished 
and underdeveloped, seeming not more than 12 years of age, despite the stated age 
of 17 He spoke in a childish, high-pitched voice The face, axillas and pubis 
were devoid of hair There was marked gingivitis and pyorrhea The teeth were 
poor and carious, and the gums were red and bled readily There was an 
ileostomy in the midline The penis was small, as were the testes, which were 
palpable at the external inguinal rings The fingers and toes were clubbed 

Laboiatoiy Data — There was a flattening of the dextrose tolerance curve, with 
a fasting sugar content of 70 mg per hundred cubic centimeters and a peak of 103 
m one hour Gastric analysis showed free acid only after administration of 
histamine The urea content of the blood was but 4 9 mg per hundred cubic 
centimeters The hemoglobin content was 56 per cent, with 3,600,000 erythrocytes 
Roentgen studies of the gastrointestinal tract revealed the ileosigmoidostomy with 
resection of the colon down to the iliac portion Proctoscopic examination revealed 
hemorrhagic proctitis 

Course — Therapy consisting of diet, iron, vitamin C and Iner was attempted 
The hemoglobin content increased to 65 per cent , the weight to 74 pounds, and the 
patient was discharged in September 1938, somewhat lmpl 0 ^ed, with the diagnosis 
of ulcerative colitis 

COMMENT 

Infantilism m chronic disease is characterized by retardation or 
absence of sexual development, usually accompanied by diminished 
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growth Although usually consideied secondaxy to the underlying 
debilitating condition, both disorders in some cases have been considered 
to be due to a piiinaiy disease of the pituitary-hypothalamic complex 
Chown and Lee,^® in a careful study of a case of renal dwarfism, stated 
that both the renal disease and the endocrinopathy were due to a lesion 
in the pituitary-hypothalamic complex, with encephalitis as the probable 
etiologic agent Gibson and Fowler,^ ^ reporting 8 cases of infantilism 
associated with diabetes melhtus, noted that the onset of the disease 
occurred in all cases after the cessation of development and suggested 
that the diabetes was not the cause of the infantilism but that both were 
due to a central lesion 

For the most pait, however, infantilism in chronic disease is con- 
sidered secondary and has been demonstrated, in some few cases, to be 
reversible Apert ^ repoited the case of a 17 year old diabetic patient 
who, treated before the insulin era, displayed marked physical and sexual 
immaturity Insulin became available, and within one year of its use 
normal physical and sexual maturity was attained Langston ^ cited the 
case of a 17 year old boy with congenital hemolytic icterus, whose 
development was that of an 11 yeai old child After removal of the 
spleen and the use of anterior pituitary extract, he rapidly reached 
normal physical development 

Secondary infantilism in the chronic diarrheas is almost entirely due 
to the effects of the diarrhea, depriving the growing organism of an 
adequate supply of the substances needed for normal maintenance, 
maturation and giowth The faulty absoiption from the gastrointestinal 
tract in such diseases creates not only a caloric deficiency but also 
deficiencies of nitrogen, vitamins and mineials The need of the grow- 
ing organism for these substances is greater duiing the peiiod of 
maturation and, as was pointed out by Sherman,^® is so urgent that a 
shortage of any essential factor becomes moie quickly and strikingly 
apparent and is likely to be moie harmful than in the case of the 
maintenance metabolism of the adult It is not sui prising, then, that 
infantilism occurs most stiikingly in patients who are ill during the 
period of physical and sexual maturation This was true in my cases 
and in the cases of steatorihea described by Thaysen,^® by Hanes and 
McBr3'^de and by Bennett, Huntei and Vaughn “■* 

13 Chown, B, and Lee, M Renal Rickets and Dwarfism as a Pituitary 
Disease, Am J Dis Child 53 117 (Jan, pt 1) 1937 

14 Gibson, R B , and Powder, W M Infantilism and Diabetes Melhtus 
Report of Eight Cases, Arch Int Med 57 69S (April) 1936 

15 Sherman, H C Chemistry of Food and Nutrition, New York, The 
Macmillan Company, 1938 

16 Thaysen, TEH Idionathic Steatorrhea London Oxford University 
Press, 1931 
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Of all deficiencies, the most important is piobably that of available 
calories The mteiference with adequate absoiption from the gastio- 
intestmal tiact by chionic diaiihea depiives the groiMiig organism of 
an adequate supply of eneigy Such caloric insufficiency in othei states 
of malnutrition has been found both clinicall} and expeiinientally 
to have marked effects on maturation and giowth Stefko^" in his 
studies on malnutrition found ciyptorchism fiequent m adolescent boys 
Puberty was greatly retaided, and the external genitalia m general 
remained poorly developed Microscopically the testes were prepubertal 
111 appearance The pituitaiies of such boys seemed unaft'ected except 
for slight basophil h3^perplasia 

In addition to caloric inadequacy deficiencies of nitiogen, vitamins 
and minerals play an impoitant role in pioducing infantilism m the 
chronc diarrheas In ulcerative colitis Welch and his co-woikeis have 
demonstrated a negative nitiogen balance, which is inci eased dining 
the more active stages of the disease The need of the gi owing oiganism 
for nitrogen is great, and an inadequate supply, especially of the essen- 
tial ammo acids, can raise havoc with processes of gi owth 

Specific vitamin deficiencies aie fiequently present in both ulceiative 
colitis and steatorrhea*- Their effect experimental!}', especially on 
the endocime glands, is piofound, and clinically they must play an 
impoitant lole in the distuibance of growth and endocime balance seen 
in chronic diarrheas 

Experimentally, lack of vitamin A, riboflavin and vitamins D and E 
all have been shown to have a profound influence on the giowth of 
animals Deficiency of vitamins A, and E have specific effects on 
the endocime glands Deficiency of vitamins A and E causes testicular 

17 Stefko, W , cited by Jackson, C M Recent Work on the Effects of Inani- 
tion and Malnutrition on Growth and Structure, Arch Path 7 1042 (June) 
1929 

18 Waters, H S Capacity of Animals to Grow Under Ad\erse Conditions, 
Agric Sc 29*71, 1908, cited by Sherman 

19 Welch, C S , Wakefield, E , and Adams, M Metabolic Studies in 
Ulcerative Colitis, J Clin Im estigation 16 167, 1937 

20 Smith, A H Phenomena of Retarded Growth, J Nutrition 4 427, 1931 

21 Barnes, J M Tj-pical Pellagra Sjmdrome Developing in Patient with 
Ulcerative Colitis, Ann Clin Med 4 552, 1926 Mackie® 

22 Thaysen, TEH Zwet Falle von idiopathischer Steatorrhoe, mit 
besonderer Berucksichtigung der Diagnose und des Vorkommens \on Symptomen 
einer Endokrinopathie und Avitaminose, Arch f Verdauungskr 61 225, 1937, 
footnote 16 

23 (c) McCollum, E V , and Simmonds, N New'er Knowdedge of Nutrition, 

New York, The Macmillan Compan}"-, 1929 (&) Hogan, A G Riboflavin 

Physiology and Pathology, JAMA 110 1188 (April 9) 1938 (c) Martin, 
G J Vitamin E, J Nutrition 13 679, 1937 
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atrophy and inhibition of spermatogenesis Microscopically the 
pituitaiies of animals so affected show basophilic hypeiplasia and have 
increased gonadotropic effect This response is similar to, but not as 
extensive as, that to castration It is noteworthy that the pituitary 
in case 2 had a similar microscopic picture In deficiency of vitamin Bi, 
diminution in secretion of androgen has been demonstrated 

The constant loss of calcium often resulting m negative calcium bal- 
ance in these diseases is important not only in the generalized 
osteoporosis seen so frequentl)'' but in the production of gonadal 
degeneration and arrest of growth Simmonds found that the rate of 
growth of young rats was halved by lowering the calcium intake 
Yamasaki found that salt deficiencies as ell as vitamin deficiencies 
resulted in disturbance of spermatogenesis in the testis and follicular 
atrophy in the ovary Hirabayshi reported that of all the mineral 
deficiencies, lack of calcium, magnesium and phosphorus had the most 
striking effects 

The effects of vitamin deficiencies may tend to enhance and con- 
tinue tlie pathologic processes causing them The production of ulcer- 
ative colitis in monkeys by deficiency of vitamin A has been described,^* 
and it may be that chronic deficiency of vitamin A in long-standing 

24 (a) Sutton, T S , and Brief, B J Cellular Changes m the Hypophyses 

of Vitamin A Deficient Rats, Endocrinology 23 211, 1938 (&) Wolbach, S B, 

and Howe, P R Tissue Changes Following Deprivation of Fat Soluble A, J 
Exper Med 42 753, 1925 (c) Mattill, H A Vitamin E, J A M A 110 
1831 (May 28) 1938 (d) Nelson, W O Studies on the Anterior Hypophysis 

Anterior Hypophysis in Vitamine E-Deficient Rats, Anat Rec 56 241, 1933 

25 Mason, K E , and Wolf, J M Physiological Activity of the Hypophysis 
of the Rat Under Various Experimental Conditions, Anat Rec 45 232, 1930 
Footnote 26 

26 Sutton and Brief Nelson 

26a Moore, C R , and Samuels, L T Action of the Testes Hormone in Cor- 
recting Changes Induced in Rat Prostate and Seminal Vesicles by Vitamin B 
Deficiency or Part Inanition, Am J Physiol 96 231, 1931 

27 Thaysen Welch, Wakefield and Adams 

28 Bennett, Hunter and Vaughn 5“ Thaysen, footnotes 5 i) and 16 Case 2 of 
this report 

29 Simmonds, N Observations on the Rearing of the Young, Am J Hyg 
4 1, 1924 

30 Yamasaki, Y Experimentelle Untersuchungen uber den Einfluss des 
Vitamins oder Zellsalzmangels auf die Entwicklung von Spermatozoen und Eiern, 
Virchows Arch f path Anat 245 513, 1923 

31 Hirabayshi, N Experimentelle Untersuchungen uber den Einfluss der 
Salze auf die Entwicklung der Spermatozoen bei weissen Mausen, Virchows Arch 
f path Anat 250 661, 1924 

32 Bellows, J Biochemistry of the Lens Influence of Vitamin C and 
Sulfhydryls on the Production of the Galactose Cataract, Arch Ophth 16 762 
(Nov ) 1936 
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gastrointestinal disease may extend the piimaiy pathologic lesions The 
adrenal degenerative changes consequent to malnutiition and Mtainin 
deficiency may interfere with the absorption of fat in the utilization 
of riboflavin 

The exact role played by these deficiencies in the slowing or halting 
of cellular metabolism is unknown for the most part, but something is 
known of the place of the vitamins m the cellular scheme of things 
Vitamin is intimately concerned with the normal metabolism of 
carbohydrates, more particulaily with one of the intermediate pioducts, 
pyruvic acid It acts as cainer of oxygen and seemingly is necessan 
for the completion of normal caibohydrate oxidation Riboflavin is 
an essential part of the yellow oxidation enzyme of Waibuig and can- 
not be dispensed with m normal cellular oxidative processes Vitamin 
C plays an important role m the redox systems of the cell, piobably as 
a hydrogen acceptor It has been found that the tissues chaiacteuzcd 
by high metabolic activity have a high vitamin C content Such tissues 
as the interstitial cells of the testes, the anterior and intermediate lobes 
of the pituitary and the adrenal cortex are the richest sources of vitamin 
C m the body Ascorbic acid ranks wuth glutathione as the most 
active reducing substance knowm in living tissues Bellows found that 
sulfhydryls and vitamin C weie interchangeable m the oxidative- 
leductive processes of the lens 

In view of the importance of these substances for normal cellular 
metabolism, it is not surprising that chronic deprivation of them should 
have considerable effect not only on the organism as a wdiole but more 
specifically on the pace makers, the endocrine glands These organs are 
so mtei dependent that a distuibance in one readily affects the others 
The effects of such a disturbance can be far i eachmg As King said 
of vitamin C, 

33 Tilden, E B , and Miller, E G , Jr Response of the Monkey to the 
Withdrawal of Vitamin A from the Diet, J Nutrition 3 '121, 1930 

33a Verzar, F Adrenal Cortex and Intestinal Absorption, Am J Digest 
Dis & Nutrition 4 545, 1937 

34 Cowgill, G R Physiology of Vitamin Bi, JAMA 110 805 (March 
12) 1938 Peters, R A Biochemical Lesion in Vitamin Bi Deficiency Appli- 
cation of Modern Biochemical Analysis in Its Diagnosis, Lancet 1-1161, 1936 

35 Mathews, A P Vitamins, Minerals and Hormones, Baltimore, William 
Wood & Company, 1937 Hogan 23b 

36 Biskind, G R, and Glick, D Studies in Histochemistrj Vitamin C in 
Testes in Relation to Anatomic and to Functional Changes, Arch Path 23: 
363 (March) 1937 

37. Hopkins, F G, and Morgan, E J Some Relations Between Ascorbic Acid 
and Glutathione, Biochem J 30 1446, 1936 

38 King, C G Vitamin C, Ascorbic Acid, Phjsiol Re\ 16 238, 1936 
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a disturbance in the respiratory enzyme S3'stems in the pituitary gland or the corpus 
luteum, resulting from slight vitamin deficiency may result in physiological dis- 
turbances in the [body] which would be difficult to correlate directly With 

the primarj’’ nutritional disturbance 

This statement is just as applicable to the othei deficiencies discussed 

In view of the far-reaching effects on growth and maturation of 
even slight deficiencies, the pathologic changes m cases 1 and 2 are 
moie readily understood The prepubertal appearance of the testes and 
the lack of maturation, with total absence of spei matogenesis, m 17 
yeai old boys aie similai to findings in malnutrition and deficiency 
states The basophilic hyperplasia of the pituitaiy in case 2 is similar 
to that in lats deficient m vitamins A and E and implies a com- 
pensatoi}'^ reaction to paitial castration 

Despite the impoitance of nutritional deficiencies m the production 
of secondaiy infantilism, they aie not the only etiologic agents Second- 
ai)'' endocime disturbances ma) be found when no vitamin deficiency 
is demonstiable and cannot always be con elated wuth distuibances m 
giow'th®“ Such manifestations of endocime d>sfunction are present in 
chionic diseases wdien there is consideiable vaiiance in the natuie of the 
metabolic upset Such ailments as chionic heart disease, biliary cirrhosis, 
hemolytic jaundice, diabetes melhtus and chronic disoiders of the gastio- 
intestinal tract disturb the metabolism of the organism in different 
fashions Nevertheless, they may all be accompanied or follow'ed by 
secondary infantilism It seems, therefore, that any long-continued 
distui bailee of normal metabolic piocesses taking place during matura- 
tion and development ma)'- lesult in secondaiy infantilism 

SUMMARY 

Thiee cases of infantilism associated with chionic ulceiative colitis 
aie piesented There seems to be no mention of this association in the 
hteratuie Further repoits of cases are desirable to establish the 
incidence 

The piocesses of nutritional deficiencies in the chronic diaiiheas are 
pointed out, and their role in the pioduction of secondary infantilism 
IS discussed 

The lole of othei metabolic disturbances m chronic diseases is men- 
tioned 



RECURRING ENCEPHALOMENINGORADICULITIS 
WITH FIBROMYOSITIS FOLLOWING 
POLIOMYELITIS 

A BACTERIOLOGIC STUDY OF SIXTY-FOUR CASES 
EDWARD C ROSENOW, MD 

ROCHESTER, MINN 

It IS the puipose of this papei to describe the methods used and to 
record the results obtained in a study made in July 1937 of 64 cases (in 
most of which the patients weie nurses) of a strange recuiring infection, 
well designated, according to the tissues chiefly affected, as encephalo- 
meningoi adiculitis and fibiomyositis 

In most instances the illness began duiing an epidemic of polio- 
myelitis m 1934, in others it began during lessei outbreaks m 1935 
and 1936 Acute anterior poliomyelitis was the original diagnosis in 
most of the cases The oiiginal attack, although usually atypical,^ 
was probably leferable to the viius of poliomyelitis as well as to the 
streptococcus- The viius was demonstrated m the nasopharynges of 
ill persons by Paul, Trask and Webster ® and m the spinal cord at 
autopsy by Kessel, Hoyt and Fisk ^ as well as Rosenow, Heilman 
and Pettet ^ Sti eptococci were isolated consistently from the naso- 
pharynx, spinal fluid and spinal cord by Rosenow, Heilman and 
Pettet Recovery from the primary attack in many instances was 
sufficient to permit the patients to return to work for from three v eeks 

From the Division of ENpenmental Bacteriology, the Ma 3 ’^o Foundation 

1 Hart, T M , and Luck, J V Orthopedic Aspect of the Los Angeles 
County 1934 Poliomjelitis Epidemic, Am J Pub Health 24*1224-1228 (Oct) 
1934 

2 Rosenow, E C The Relation of Streptococci to the Viruses of Polio- 
myelitis and Encephalitis Preliminary Report, Proc Staff Meet, Mayo Clin 
40 410-414 (June 26) 1935 

3 Paul, J R , Trask, J D , and Webster, L T Isolation of Poliomj'clitis 
Virus from the Nasophar)mx, J Exper Med 62 245-257 (Aug ) 1935 

4 Kessel, F J , Hoyt, A S , and Fisk, R T Use of Serum and the Routine 
and Experimental Laboratory Findings in the 1934 Poliomjehtis Epidemic, Am 
J Pub Health 24 1215-1223 (Oct) 1934 

5 Rosenow, E C , Heilman, F R , and Pettet, C H Observations on the 
Epidemic of Polio-Encephalitis in Los Angeles, 1934, Proc Staff Meet, Majo 
Clin 9 443-451 (Julj 25) 1934 
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to thiee months, at the end of which time increasing weakness, fatiga- 
bility, pain in muscles and attacks of recuriing headaches forced them 
to bed despite every known treatment 

CLINICAL OBSERVATIONS 

Most of the patients having seveie forms of the disease at the time 
of this study were hospitalized They had received every possible care 
On inquiry, it was learned that the exacerbations in many of the patients 
studied who were residing in the same hospital had occuried almost 
simultaneously The attacks were characterized by severe headaches, 
which often were continuous for weeks and were associated in varying 
degree and frequency with low grade fever, projectile vomiting, occa- 
sional dianhea, transient diplopia, blurred vision, dizziness, incoordina- 
tion, photophobia, pain behind the eyeballs, deep-seated pain in the back 
and extremities, extreme nervous irritability, sleeplessness, emotional 
instability, severe mental depression and muscular wealcness and 
tenderness 

Extreme dysmenorrhea was a common complaint Sclerotic, cystic 
ovaries were found and m some cases were removed by opeiation 
Retention of urine caused by paresis of the bladder or stricture of the 
ureters, with resulting infections, occuried in some cases and was 
commonly relieved by the use of retention catheters and by ureteral 
catheterization Other complications included long-continued superfiaal 
hyperesthesias of the skin, deep muscular and musculotendinous tender- 
ness, pain and tenderness of the rheumatic type m the heels and wrists 
and painful joints A history of lecurring attacks of urticana was 
elicited from 17 of 53 patients A striking finding in several instances 
was fibrous ankylosis of the intei phalangeal joints of the hands of such 
severity that the fingers could not be clenched into a fist 

Certain patients had reacted favorably to care by w ell trained physical 
therapeutists, who had applied local heat and massage and had tiled 
individually supervised exercises Many patients who had experienced 
mild attacks had returned to part time or full time duty A considerable 
number reported that they had fared well wuth rest, without physical 
therapy Hypei activity rather than diminution or absence of tendon 
reflexes was the rule, even in the presence of widespread muscular weak- 
ness without proportionate atrophy Muscles of good size were 
apparently present and could be caused to contract voluntarily but 
without much power Tonic and clonic spasms of muscles were 
common, some muscles even requiring application of a cast for their 
control Paroxysmal tachycardia, with rapid, thready pulse, attacks of 
pseudoangma and recurring attacks of mild sore throat and diarrhea 
were not uncommon Most striking of all observations concerning 
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muscular involvement veie the universal lack of muscular endurance, 
the variability of response and stiength and the eaily tiring and 
exacerbations which were often diiectly attributable to mental and 
physical overexertion The muscles of the abdomen and of the region 
of the hip were most often affected Localized paralysis and wasting of 
muscle groups, such as are seen m typical infantile paralysis, were 
uncommon 

In short, there was apparent almost ever}’- conceivable combination 
of symptoms and findings leferable to purely functional or mental 
disturbances, as generally undeistood, and also to physical diseases, yet 
almost none of these was typical of any well known disease Clinicall} 
the condition in some of the cases resembled the infectious neuronitis 
described by Kennedy® and the “myeloradiculitis” desciibed by Strauss 
and Rabmer Wilson and Walker ® reported that the early observations 
during and soon after the epidemic of 1934 were different from those 
which characterize typical epidemic poliomyelitis Unique were the high 
incidence (about 10 per cent) of poliomyelitis among nurses and physi- 
cians while they were caring for the sick and the large number of persons 
who had recurring exacerbations The usual sex incidence of poliomye- 
litis was reversed among patients who had recurring attacks, the number 
of females afflicted being thiee times that of males Older children and 
young adults were stricken chiefly This was time also duiing the laige 
outbreak in Denmark in 1934 The late manifestations of the disease, 
however, did not appear during the latter epidemic ® 

Rosenow, Heilman and Pettet® also stiessed the atypical charactei 
of the primary disease and reported results observed in animals 
inoculated with streptococci isolated consistently from the naso- 
pharynges, spinal fluid, brains and spinal coids of patients These 
results differed fiom those usually obtained in similar studies of typical 
epidemic poliomyelitis The incidence m the inoculated animals of 
flaccid paralysis like that observed in patients at the time of the epidemic 
was not so high, but evidences of pain were moie numerous and the 
incidence of muscular spasms and lesions of the muscles was higher 

6 Kennedy, F Infective Neuronitis, Arch Neurol & Psvchiat 2 621-627 
(Dec) 1919 

7 Strauss, I , and Rabmer, A M Myeloradiculitis A Clinical Sj ndrome, 
with a Report of Se^en Cases, Arch Neurol & Psychiat 23 240-256 (Feb) 
1930 

8 Wilson, J C, and Walker, P J Acute Anterior Poliomyelitis Ortho- 
pedic Aspects of the California Epidemic of 1934, Arch Int Med 57 477-482 
(March) 1936 

9 Jensen, C The 1934 Epidemic of Poliom} elitis in Denmark Preliminary 
Report on the Epidemiologj'^ and Clinical Features and Convalescent Serum Therapv, 
Proc Roy Soc Med 28 1007-1026 (June) 1935 
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METHODS AND SCOPE OF STUDY 

On the basis of these observations it was thought that a bactenologic study 
by methods which I have previously described and b> means of serologic tests 
recently developed might throw light on the causation of this complex syndrome 
Cultures m dextrose-brain broth and other mediums were made from material 
obtained by swabbing the nasopharynx and the uterine cervix, from the urine and 
feces, from the blood and cerebrospinal fluid and from excised specimens of 
affected muscles and ovaries Animals — mice, rabbits and monkeys — were given 
injections of the organisms thus freshly isolated The cataphoretic velocity of 
the streptococci was determined by methods previously described, without knowledge 
of the condition of the patient or of whether the culture tested was obtained from 
controls Cutaneous, precipitation and agglutination tests were made with 

10 I am aware of the skepticism of some regarding the value of cataphoretic 
studies on streptococci By virtue of strict attention to technical details my 
associates and I have obtained consistent results in such a variety of diseases as 
to convince us of the value of such studies Others have reported similar results ® 
The differences in the results obtained by different workers are largely attributable 
to differences m technic — to the small number of strains tested, to the time of the 
study, to the type of mediums used and to faults of interpretation It has been 

shown that seasonal changes occur m the cataphoretic velocitj of streptococci 

(Rosenow, E C, and Jensen, L B Cataphoretic Velocit\ of Streptococci Isolated 
m Cases of Encephalitis and of Other Diseases of the Nervous System, J Infect 
Dis 52 167-184, 1933) The determination of the cataphoretic time and velocity 
of streptococci has significance almost never, except when the strain used has been 
freshly isolated (Rosenow, E C , and Davis, C H The Bacteriology and Experi- 
mental Production of Ovaritis, J A M A 66 1175-1180 [April 15] 1916) We 

have found that mediums to which brain tissue has been added before autoclaving, 
such as dextrose-brain broth, are especially favorable to the isolation of pathogenic 
streptococci This point has been corroborated by Burdon and his associates 
(Burdon, K L , Thurston, E W , Varnev, P L , and Bronfenbrenner, J The 
Etiologic Significance of Streptococci m Epidemic Encephalitis I Incidence of 
Streptococci m Cultures from Patients with Encephalitis in St Louis and from 
Normal Controls, and Characteristics of the Various Strains Isolated, Arch Int 
Med 58 285-308 [Aug ] 1936 , II Experiments with Animals and Conclusions, 
Ibid 58 469-494 [Sept] 1936) Such mediums are also favorable to the main- 
tenance of elective localizing power and (concomitantly) characteristic cataphor- 
etic velocity (Rosenow, E C , and Ashby, W Focal Infection and Elective 
Localization m the Etiology of Myositis, ibid 28 274-311 [Sept] 1921) In 
our extensive experience with primary dextrose-brain broth cultures of material 
from the nasopharynges of persons suffering from encephalitis or other epidemic 
diseases, my associates and I have never found that long chains of strepto- 
cocci or contaminating organisms were present in sufficient number to alter 
perceptibly the distribution curves of cataphoretic time velocitv, which these 
investigators suggest as possible sources of error Moreover, I have shown that 
the distribution curves of cataphoretic time and velocity of the streptococci which 
grew m the primary culture m dextrose-brain broth were not only characteristic 
of, but were nearly identical with, the distribution curves of the streptococci that 
had grown not in the culture mediums but m the nasopharynx or in foci of 
infection elsewhere and that were timed directly The discrepancies, or what 


(Footnote conUnued on next page) 
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serums obtained from patients and with different antistreptococcic serums from 
immunized horses 

Nearly all material was inoculated on blood agar plates for detection of aerobes 
and into deep tubes of dextrose-brain bioth for the isolation of partial oxygen tension 
or anaerobic organisms The amount of inoculum varied greatly for different tubes 
of medium In some instances the spinal fluid was incubated after la\ering with 
sterilized linseed oil Cultures were also made by dipping swabs coated \\ith 
coagulated horse serum into the spinal fluid and incubating tliese and b\ laj ering the 
spinal fluid over Loffler’s blood serum slants Blood was drawn from the patient 
m a sterile manner and placed in \acuum vials, where it was allow'ed to clot 
The serum w^as removed, and the partiallj macerated clot was transferred with 
sterile precautionary measures to dextrose-bram broth 

Dextrose-brain broth, the medium chiefli' used, w'as freshly prepared bj adding 
pieces of brain from calves slaughtered on the same dav to an infusion or extract 
broth to which 02 per cent dextrose and Andrade's indicator w'ere added The 
reaction was brought to a pa of 7, and the medium was placed in columns of 
from 10 to 12 cm in height in deep tubes (20 by 1 5 cm ) Pieces of brain repre- 
senting a volume of from 2 to 3 cc for each tube W'ere added before autoclaving 

Burdon, Thurston, Varney and Bronfenbrenner interpreted as such, in the dis- 
tribution curves of cataphoretic velocity of the streptococci isolated m their 
and our studies of the St Louis epidemic of encephalitis are explicable on the 
basis of their use of strains too long after isolation and also on the basis of 
the difference in time of stud\ Our study was made during hot weather (summer), 
at the height of the epidemic, theirs was conducted during cooler weather 
(autumn), after the epidemic had largely subsided Their average distribution 
curve of cataphoretic velocity of the streptococci freshly isolated in cases of 
encephalitis stacked at nearly the “neurotropic” cataphoretic time of 2 to 2 5 
seconds, while that of the strains freshly isolated from the nasopharynges of well 
controls stacked markedly at nearly the “pharyngotropic” time of 3 5 seconds 
The three groups of strains that had been cultivated for some time on artificial 
mediums likewise stacked heavily at nearly 3 5 seconds Their results approxi- 
mated precisely what one would expect The curve of the streptococci freshlj 
isolated in the cases of encephalitis approached the “neurotropic” tvpe at nearh 
the cataphoretic time of 2 seconds, instead of mainlj at 4 seconds The former 
type m our studies was obtained especially at the onset of acute attacks , the lattci , 
at a later time, during attacks Both types have been shown to have neurotropic 
virulence All of the other four groups of strains approximated the "pharyn- 
gotropic” type at nearly 3 5 seconds, which is obtained in streptococci freshlj 
isolated from the nasopharynges of persons suffering from the common or 
autumnal cold and to a lesser degree in streptococci from the nasopharj nges of 
well persons in autumn during epidemics of colds (Rosenow and Jensen) Shifts 
in cataphoretic velocity of streptococci according to seasons such as these, unsus- 
pectingly determined by Burdon and his associates, have been repeatedly noted 
of streptococci freshly isolated from the nasopharynges of well persons (Rosenow* 
and Jensen) and simultaneously, or nearly so, of streptococci in cases of encephalitis 
and other diseases as kept m dextrose-brain broth cultures m the laboratory 
By the strictest attention to technical details and by having the operator make 
readings of cultures without knowdedge of the condition of the patient or of 
whether the organisms w'ere obtained from controls, we ha\e again obtained bj 
our method, as wull be showm, information of importance as regards the nature 
of the strains from different patients in the group under studj 
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at 20 pounds (9 1 Kg ) of pressure for twenty minutes In some instances the 
dextrose-bram broth was placed in hermetically sealed bottles of from 15 to 
120 cc capacity The inoculated mediums were incubated at 35 C (95 F ) 

Mice were given injections of cultures or direct injections of spinal fluid or 
other material, 0 03 cc mtracerebrally and (usually) 2 5 cc mtraperitoneally 
Rabbits and monkeys were inoculated mtracerebrally and/or intravenously with 
cultures or directly with material obtained from patients and other sources The 
dose varied between wide limits, depending on the nature of the material under 
study Routinely, 0 1 cc of a suspension of swabbings from the nasopharynx or 
from the uterine cervix m 2 cc of saline solution was injected mtracerebrally, 
and 0 1 cc of a 1 200 or 1 1,000 dilution of the dextrose-bram broth culture and 
0 5 cc of the undiluted culture for each 100 Gm of body weight were injected 
intravenously into rabbits and monkeys In special instances the doses were 
much less, sometimes a thousandfold less, yet positive results were obtained The 
animals were observed repeatedly every day for symptoms and were examined 
for lesions as soon after death as was possible Those that survived were etherized 
to death within from three to fourteen days after inoculation The excised 
muscles, ovaries and tissues of animals were fixed in solution of formaldehyde 
U S P diluted 1 10, and paraffin sections were stained with hematoxylin and 
eosin and by the Gram method In the latter procedure, however, no counterstain 
was used, and decolonzation was carried out only to a fair blue instead of to the 
end point 

Precipitation tests were made with saline extracts of nasopharyngeal 
swabbings and with the serums of patients These were la^ered in small tubes 
over the serums of horses hyperimmunized with streptococci isolated during 
studies of encephalitis, poliomyelitis, arthritis and ulceratuc colitis '^s controls, 
the extracts and serums from patients were also layered o\er the antiserums after 
absorption of the latter with the homologous streptococci Clouding at the inter- 
phase with the unabsorbed antiserum and the absence of clouding or clouding of 
lesser degree wnth the absorbed serum indicated the presence in the throat or 
serum of the patient of a streptococcic antigen immunologically related to the 
streptococci with wffiich the reacting antiserum had been prepared 

Cutaneous tests were made by injecting intradermally 0 05 cc of a 10 per cent 
solution in saline of the euglobuhn (antibody) fraction of the antiserum The 
antiserums used were those of horses hvperimmunizcd to different streptococci 
and those (diluted 1 10) of persons convalescing from acute exacerbations 
of the disease An erythematous-edematous reaction within ten minutes after 
injection of the antiserum or convalescent serum indicated the presence m the 
skin or blood of an antigen immunologically related to the streptococci with 
which the reacting serum had been prepared and to the infective streptococci 
in the patient from whom the convalescent serum (antibody) had been obtained 
In every case the estimation of the degree of reaction was concurred in by two 
or more observers 

Agglutination tests were made with strains of the streptococci isolated from 
the nasopharynx, stools, uterine cervix, urine, blood, spinal fluid and muscles 
Agglutination experiments were done according to a special technic which we 
have found essential to the securing of evidence of the presence of streptococcic 

11 Heilman, F R, and Rosenow, E C Newer Methods of Study and Treat- 
ment of Chronic Streptococcal Disease, Proc Staff Meet , Mayo Clin 12 252- 
256 (April 21) 1937 
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agglutinins in the serums of patients with chronic streptococcic diseases and 
patients with acute poliomyelitis and encephalitis The streptococci freshh isolated 
m dextrose-brain broth were centrifuged, the supernatant broth was poured oft, 
the organisms were suspended in small amounts of gljcerm (2 parts) and 25 
per cent salt solution (1 part), and from this dense suspension dilutions were made 
to the density of a dextrose-bram broth culture These diluted suspensions were 
then mixed in 0 2 cc amounts wnth 0 2 cc amounts of the respective dilutions 
of serum in Wassermann tubes The mixtures w'ere incubated at 50 C (122 F ) 
for eighteen hours and then read 

12 Pertinent to the problem under consideration, I wish here to i>oint out 
wherein lay the inability of some investigators to corroborate the results obtained 
in our studies on streptococci in encephalitis By the use of this method of 
agglutination we found, contrary to the results obtained by Burdon, Thurston, 
Varney and Bronfenbrenner, that the serum of patients convalescing from encepha- 
litis in St Louis agglutinated more strongly and in much higher dilution the 
streptococci isolated consistently from the nasopharynx, spinal fluid and brain in 
our study made during the height of that epidemic than did the serum of well 
controls Considering the confirmatorj results obtained in other respects, it is 
unfortunate that the aforementioned investigators tested the agglutinating power 
of convalescent serum on strains of streptococci after those strains had been 
cultivated on artificial mediums for some time instead of on freshh isolated 
strains, making suspensions directly from cultures instead of from dense ghccrin- 
saline solution suspensions, incubating the mixtures at 37 C (98 6 F ) for only 
one and a half hours and then placing them in the ice chest o\crmght instead 
of incubating them at 50 C (122 F) for eighteen hours We, also, did not 
get agglutination when w'e proceeded under such conditions Also pertinent 
to this study is the fact that these investigators seem to have missed the point 
that animals winch after injection of streptococci sur\ned the acute sjmptoms 
and later showed manifestations of encephalitis and which succumbed or w'cre 
anesthetized late almost ahvays exhibited tj'pical perivascular Ijmphocjtic infiltra- 
tions in the brain Burdon, Thurston, Varney and Bronfenbrenner show'ed photo- 
micrographs only of acute lesions, and, of course, the infiltrating cells to be 
seen in these were mainly polymorphonuclear leukocytes, a finding w’hich is 
m accord with the fact that in the very early stages of the disease in the 
human being these cells are often present m the spinal fluid, sometimes in 
predominating numbers 

Whether the streptococcus placed the role of an important secondary imader 
in that epidemic, as was concluded by them, or whether the streptococcus plajed 
the primary role and the virus the secondary one, it is impossible to decide on 
the basis of published data now available A forthcoming report will contain 
important information on the relation of the streptococcus to the Mrus of 
encephalitis 

McKinley’s report (McKinlej^ E B Failure to Confirm Roscnow’’s Work 
on Encephalitis m Its Relation to Green Streptococcus, Proc Soc Exper Biol 
& Med 27 436-440 [Feb ] 1930) I have disregarded because he injected, as 
far as I can tell, into only 2 rabbits streptococci from the nasophar} nges of 25 
well persons in Puerto Rico and only 1 patient wuth encephalitis Howe\er, 
since Burdon, Thurston, Varney and Bronfenbrenner attach significance to his 
w'ork, I am impelled to state that if he had injected highlj diluted cultures (as 
high as 1 1,000,000), as we did, instead of only our maximal dose (0 2 cc ) 


(Footnote continued on next page) 
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RESULTS OF CLLTURES AND OF SEROLOGIC STUDIES 

Blood agar platings directly fiom swabbings of the nasopharynx 
and the uteiine ceivix, oi fiom the piimar} giowth in dextiose-hrain 
broth, yielded unifoiml} a laige numbei of gieen-pioducmg streptococci 
or indifferent colonies of streptococci and almost nevei hemolytic strep- 
tococci The pi unary cultuies m dextiose-brain bioth uniformly yielded 
pure or almost puie cultures of stieptococci (fig \ A) Green- 
producing streptococci i\eie lepeatedly isolated m large numbers from 
specimens of stools obtained duimg exaceibations of s)Tnptoms The 
results of cultivation of specimens of the blood spinal fluid, muscles, 
ovary and catheteiized urine aie summaiized m table 1 



Fig 1 — Streptococci as isolated in dextrose-brain broth, from (^A) naso- 
pharyngeal mucus, (F) blood, (C) spinal fluid, {D) cjstic fluid from o\ary and 
(£) excised muscle Rosenow-Gram stain, X 1,000 


of the suspension of material from the nasopharynx and tonsils, he would no doubt 
have obtained not only the early acute manifestations of meningoencephalitis but 
the late more typical symptoms and lesions, as have we Differentiation by the 
agglutination reaction of green-producing streptococci from throats of well persons 
and persons with encephalitis or poliom 3 'elitis was possible only in dilutions 
of the antiserums which I sent him above those which he used The demonstra- 
tion in the throats of well persons of green-producing streptococci which have 
early effects in rabbits like those of the streptococci in encephalitis does not 
disprove the etiologic importance of the streptococcus m encephalitis any more 
than the demonstration of the diphtheria bacillus in the throats of well persons 
disproves the etiologic importance of the diphtheria bacillus in diphtheria 
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Cultures of blood clot were made m freshly piepaied dextiose-bram 
broth in 64 cases In Glendale the cultuies weie made within foui houis 
and in Rochester within forty-eight houis aftei drawing the blood The 
organisms obtained aie lepresented in figuie 1 All the cultures made 
in Rochester lemained steiile, while those made at once in Glendale 
yielded stieptococci (fig \ B) loughly in propoition to the seventy of the 
symptoms m the patients Only rarety weie stieptococci isolated fiom 
healthy exposed peisons, and at Rochestei they weie nevei giown fiom 
blood of nonexposed peisons Thus, as is shown in table 1, sticpto- 
cocci were isolated fiom only 3 (13 pei cent) of 24 patients vith mild 
symptoms, from 12 (63 per cent) of 19 patients with seieie symptoms 
at the time the blood was drawn and from only 1 (5 pei cent) of 21 


Table 1 — Results of Cultuie of Mateiials Obtained in Patients until Rccuning 
Encephalomenmgoi adicuhtis and Fibi omyositis and fiom Otheis 


Material 


Total 

Number 

•with 

Cultures 

Positi\c 

for 

Percentage* 

rvlth 

Cultures 

Poslti\e 

for 

Cultured 

Source 

^umber 

Streptococci 

Streptococci 

Blood 

Patients ivith given type of involvement 
Severe 

10 

12 

63 


Mild 

24 

3 

13 


Recovered 

21 

1 

5 


Exposed persons 

15 

5 

33 


Control nurses 

Glendale, Calif 

18 

0 

0 


Rochester, Minn 

45 

0 

0 

Spinal fluid 

Patients vith severe involvement 

14 

13 

03 

Excised muscles 

5 

4 

80 

Ovary 


1 

1 

100 

Catheterized unne 

15 

8 

53 


* Percentages are given to the nearest ■whole number 


peisons who had letuined to woik Stieptococci weie isolated fiom the 
blood of 5 (33 pei cent) of 15 nuises and ph}sical thei apeutists who weie 
in close contact with the disease, some of whom complained of undue 
fatigability and othei symptoms In no instance w^ere stieptococci 
isolated from the blood of three gioups of nonexposed nuises, one group 
consisting of 18 residing in the epidemic zone, the others consisting of 
27 and 18, lespectively, lesiding outside of the epidemic zone Thiough 
the assistance of Dr F E Poole, of Glendale, 1 or 2 specimens of spinal 
fluid obtained fiom each of 14 patients having active infections w^ere 
made available The cell count w^as exti emely low' in all specimens , 
9 disclosed the piesence of one cell pei cubic millimeter, 8 showed two 
cells, 2 showed three cells and 2 show'ed four cells Extremely pleo- 
morphic giam-positive to gram-negative diplostreptococci were isolated 
fiom the spinal fluid of 13 of the 14 patients (fig 1 C) The bacteria 
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obtained fiom the spinal fluid did not always glow out as typical strepto- 
cocci when they were cultivated in artificial mediums, but those from 
the brains of mice and labbits that died in fiom three to eight days 
aftei intracerebral inoculation of the atypical cultures and those in 
specimens of spinal fluid plated directly usually did Cultures were 
made of catheterized mine from 15 patients, and 8 of the cultures 
showed growth of streptococci 

Excised pieces of tender muscle fiom 5 patients were cultured and 
examined microscopically Three of these yielded pure cultures of 
extremely pleomoiphic stieptococci (fig IE) One yielded streptococci 
with diphtheroid bacilli and micrococci (sometimes all three forms were 
present m the same chain) One lemained sterile, and sections showed 
no lesions The 4 specimens yielding stieptococci showed irregular 
staining and degeneration of muscle fibers, fibrosis, and peiivascular 
and othei infiltration by mononuclear cells and scatteied diplococci m or 
adjacent to the lesions (figs 2 and 3) One cystic ovary (from a patient 
w^ho suffered almost intolerably at the menstrual period) became avail- 
able foi study Extiemety pleomorphic streptococci (fig ID), espe- 
cially resembling those from the spinal fluid and muscles (fig 1C and 
E), w^ere isolated in dextrose-brain broth from the cystic fluid of this 
ovary, fiom pieces and also fiom emulsions of the tissue Sections 
disclosed the piesence of advanced fibrosis, cellular infiltration in the 
w^alls of the cysts, a few diplococci in the walls of the cysts and laige 
numbeis of diplococci in the coagulated albuminous film in the lumens 
of the cysts (fig 4) 

The incidence of positive reactions to pi ecipitation tests, indicating 
the presence of an antigen i elated to the stieptococci wuth which the 
leacting antiserum w'as piepared (table 2), w'as highest with the naso- 
pharyngeal extiacts and the serums fiom patients having active infec- 
tions, next highest wuth those fiom exposed persons and low’^est with 
those fiom nonexposed persons, when these extracts and serums were 
layered ovei antiserums piepared with streptococci isolated respectively 
from persons with chronic encephalitis (neurotropic stiains) and from 
persons with chronic infectious arthiitis (arthrotropic strains) 

The immediate erythematous i eactions to the different antiserums 
(indicating the presence of antigen in the skin related to the streptococci 
wath which the reacting antiserums were prepared) varied gieatly in 
different patients The greatest reaction was usually that to an anti- 
seium prepared wath streptococci isolated from a disease in which the 
S3mrptoms were most nearly like those of the patient at the time of the 
test Thus if neuntic pains, so common during the epidemic (radicu- 
litis), were marked, the greatest erjUihematous reaction w^as that to the 
antiserum prepared from strains isolated during studies of the Los 
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Fig 2 — Edema and perivascular and interstitial cellular infiltration of excised 
muscles of 2 patients who had severe pain referable to muscles Hematowlni 
and eosin stain, X ISO 



Fig 3 — Pleomorphic diplococci iii the lesions of muscles shown in figure 2 
Rosenow'-Gram stain, X 1,000 
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Angeles epidemic of poliomyelitis If, howevei, muscular or iheumatic 
symptoms of myositis with or without arthritis predominated (which 
was the rule), the greatest erythematous reaction was observed when 
the antiserum prepared with stieptococci isolated in studies of arthritis 
was used If involvement of muscles associated with undue fatigability 
was especially marked, the gieatest er}thematous reaction was that to 
the antiseium prepared with streptococci from patients with myasthenia 
gravis The average i eactions of all the groups tested with the different 
antiserums are given in table 3 

The reason for the i datively high incidence of precipitation leactions 
with the polioencephalitis and arthritis antiserums (table 2) and the 



Fig 4 — A, edema, degeneration, fibrosis and cellular infiltration and (5) 
diplococci in the ovary removed surgically from a patient who had almost intolerable 
pain during menstruation {A, hematoxylin and eosin stain, X ISO, B, Rosenow- 
Gram stain, x 1,000 ) 

serums from the group of nuises at hospital A (Rochestei) used as 
antigen and of the relatively marked cutaneous i eactions (table 3) is 
not entiiely cleai It is possible that stieptococci similar to those isolated 
during our study of the cases in 1934, which we isolated from the drink- 
ing water of the group of nurses at hospital A (Rochester) at the time 
of the study, might have been responsible The streptococci isolated 
produced lesions of muscles, fascia and nerve sheaths aftei intracerebral 
and intravenous injection Several nurses had mild symptoms resem- 
bling those aiising fiom neui ofibromyositis shoitly befoie oi at the time, 
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and similar cultures of the dunking watei of the group of control nurses 
at hospital B (Rochester), among whom the incidence of precipitation 
and cutaneous reactions was much lower, failed to reveal streptococci 
Because of the great differences as to the chief complaint in the difteient 
cases, the average size of the area of reaction does not adequately express 
how specific or diagnostic these cutaneous leactions were The degree 
of reaction to the “homologous” antiserum was usuall} directly propor- 
tional to the severity of symptoms Similar results weie obtained after 
mtradermal injection of the serum (antibodv ) obtained from patients 
during convalescence from acute exacerbations of the disease Thus, m 
10 patients having acute attacks the average area of erythematous reaction 
to the serum obtained from a patient recovering from an exacerbation 
was 9 7 sq cm , m 17 convalescent patients it was 48 sq cm and in 
27 healthy exposed persons it was 3 4 sq cm To the serum of a ^^ell 
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Big 5 — Absence and end point of agglutination of the streptococci by the 
serums of 50 patients in 133 tests (solid line) of 21 exposed persons in 41 tests 
(dotted line) and of 26 nonexposed persons in 88 tests (dot and dash line) 

person of the same age and sex the aieas of reaction were 2 3, 1 0 and 
1 8 sq cm, respectively, m the same three groups of subjects 

The agglutinating power of individual serums and of pools of six 
serums from patients, exposed persons and nonexposed persons over 
separate strains and pooled strains of stieptococci was determined under 
comparable conditions The results of the agglutination experiments 
are summarized graphically m figure 5 The incidence of nonagglutina- 
tion was much higher when serums from nonexposed persons were used 
than when serums fiom patients and exposed persons were used The 
end point of agglutination became progressively higher with increasing 
dilutions of the serum from patients, less so with the serum from exposed 
persons and progressively lower with the serum from nonexposed per- 
sons In addition, the serums from these patients especially agglutinated 
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the pooled suspensions of stieptococci from patients iMth aithiitis, 
neuromyositis or myasthenia gravis, suspected mateiial to which the 
patients were exposed and, to a lesser degiee the streptococci isolated 
during the epidemic These serums did not agglutinate the stieptococci 
obtained from patients with acute encephalitis 

The average distribution cuives of cataphoretic velocity of the strep- 
tococci obtained from patients and exposed persons, without legard to 
the cutaneous reactions and according to whether cutaneous reactions 
occurred to the “arthiotiopic” or the diffeient "neurotiopic” serums 
weie determined b}' methods previously described and are summaiized 
in figure 6 It will be seen that the distribution cmve of cataphoretic 
velocity of streptococci isolated from patients and exposed peisons 
without regard to the cutaneous test covered a wide i ange, with maximal 
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Fig 6 — Cataphoretic time and velocity of streptococci isolated from the 
nasophari ngeal mucus of patients having recurring attacks of cnccphalomeningo- 
radiculitis and fibromyositis and also from the nasopharjngcal mucus of exposed 
persons The figures in parentheses indicate, rcspectueh, the numbers of strains, 
cultures and streptococci timed in each group 


numbeis occuning m the "aithrotiopic” and “neuiotiopic” columns 
(2 30, 3 45 and 172 micions per second, \olt pei centimetei) The 
streptococci from the nasophar} nges of patients and exposed peisons 
who leacted strongh m the cutaneous test to the “arthrotropic” scrum 
and whose symptoms at the time were mainly leferable to connectne 
tissue and muscle had an ‘'arthrotropic” distiibution cuive, and the 
streptococci from persons ^^ho reacted strongly to one or more serums 
ptepared with streptococci from persons vho had disease of the nenous 
system and symptoms referable chief!} to the nervous s}stem had a 
“neurotropic’ distribution cune 
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RESULTS IN ANIMALS OT INTRACEREBRAL AND INTRAVENOUS 
INOCULATION OF THE ISOLATED STREPTOCOCCI 

Since the condition in most of the patients undei study began duiing 
the epidemic of atypical poliomyelitis in 1934, I have summarized for 
comparison the results obtained in expeiiments with stieptococci isolated 
at that time and the lesults of similai experiments performed with 
streptococci isolated from patients suffering three years later from this 
strange combination of lecuinng symptoms of encephalomenmgo- 

Table 4 — Moitabty, Symptoms and Incidence of Lesions Among Animals 
Inoculated with the Isolated Sti eptococci 
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* Intracerebral f Intravenous 


radiculitis and fibiomyositis, fiom exposed peisons and fiom othei 
sources 

In the present study the lesults aftei injection of the stieptococci 
isolated from the swabbing of the nasopharynx and cervix and from 
blood, urine, stool, spinal fluid, excised muscles and ovaiies were strik- 
ingly similar to those obtained in the eailier study The obseivations 
following intracerebral and intravenous injection of stieptococci into 
rabbits and monkeys aie summarized in table 4 During the epidemic 
and three yeais later the mortality of the animals was consistently high 
and was always highei than after injection of streptococci fiom healthy 
exposed persons The incidence of the chief symptoms and lesions in 
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the two groups of experiments paialleled m geneial and often strik- 
ingly, that m the patients fiom whom the streptococci weic obtained 
This was true particulaily as regaids eMdence of pain (especiall} pain 
referable to the head and muscles), weakness oi paral 3 sis, fatigabilit} 
and spasm of muscles and as regards the incidence of lesions of the brain 
cord, duia mater, neive roots, muscles, fascia and o\aiies 

Gross lesions of the brain and spinal coids of monke}s on cioss 
section were raie, and microscopically small aieas of neciosis and of 
leukocytic and round cell infiltration (fig 7) with or without diplococci 
were seen occasionally Grossly visible diffuse meningitis was not 



Fig 7 — Areas of necrosis and cellular infiltration {A) in the brain and (B) 
in the medulla of a monkey inoculated fi\e dajs prcMOUslj '\ith streptococci from 
the blood of a patient ■who had had recurring attacks of se\erc headache and 
sc'vere deep-seated pain in the hips and legs HematO's.xhn and eosin stain 
X 150 


encountered The duia over the ceiebial coitex and the cahaiium \\as 
often seen to be extiemel} congested, and the dura co\eiing the lumbar 
portion of the coid and the cauda, m addition to being congested vas 
often edematous, hemoirhagic and infiltrated (fig 8) Both anterior 
and posteiior nei\e roots, especialh in the lumbar region veie often 
extiemely hypeiemic A\eie suiiounded by hemorihage and edema and 
microscopicall} weie seen to be infiltiated by leukocytes and lound 
cells (fig 9) 
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Fig 8 — Edema, hemorrhage and cellular infiltration of the dura and nerve 
roots of the cauda of the monkey referred to in the legend to figure 7 Hema- 
toxylin and eosin stain , X 50 



Fig 9 — Edema and cellular infiltration of the nerve root and nerve sheaths 
in the lumbar region of the monkey referred to in the legends to figures 7 and 8 
Hematoxj lin and eosin stain , X 150 
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Lesions caused by stieptococci isolated lioni muscles, fascia and iIk 
urinaiy bladdei aie seen in figure 10 Especialh maikcd ucie lesion- 
sunounding nerves in the deep muscles of the louei icgion of the spmal 
column, in the psoas, in the muscles of the hip, iippci paits of the thigh' 
thorax, posterior aspect of the lowei end of the tibia and doisa oi unst" 
and ankles The lesions consisted usualh of lelatnch laigc aie<is oi 
hemorrhagic mfiltiation occuinng along fascial la\eis (fig 10**1 and B i 
and whitish neciotic aieas m and between the muscle fillers These weic 
often numerous in one oi in several muscles but wcie ne\ei wideh dis- 
seminated among many muscles, as weie those obsened aftei smnlai 
injections of the streptococci of m} asthenia giaiis’ The micioscopic 



Fig 10 — A and B, edema and hemorrhagic infillralion of the dorsum oi the 
ankle joint and the anterior and lateral aspects of the tibia C, hemorrhages in 
the urmarv bladder of a rabbit inoculated iiitraeenoush with streptococci isolated 
from the stool X Vz 

lesions of the muscles consisted of edema and ccllulai infiltration of the 
interstitial tissue and of necrosis, degenciation and cellular infiltiatinii 
of the muscle fibers (fig 11) Lesions of the oiancs of animaL gnen 
injections at the time of the epidemic of 1934 weie not obsened bin 
such lesions weie found in 50 per cent of 35 female animals gnen injec- 
tions duiing the present study Thee occurred alike m rabbits and 
monke}S after injection of strains obtained fiom nasopharj. ngcal mucin 
blood, spinal fluid muscle and o^ary and consisted of sc\crc congc‘=tion 

13 Rosenow, E C and Hedman F R Bactcnologic Studies ir kf r^vic r 
GraMS, Proc Soc Exper Biol & Med 34. 419-425 ('Ma\ ! 1^30 
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localized hemoirhages, edema, cellulai mfiltiation and the presence of 
diplococci in tissue and cystic fluid (fig 12) In almost all pregnant 
labbits and mice aftei injection of the streptococci isolated in the present 
study abortion occuried 

Lesions of the lungs, of the mucous membrane of the tiachea and 
of the gastrointestinal and urinary tracts (figs 10 C and 13) were found 
in a relatively small numbei of animals given injections during the 
epidemic and somewhat later m the present study Streptococci were 
isolated from excised pieces of muscle exhibiting lesions in 85 pei cent 
of 33 animals (fig 14^) in the present study, from the brain (fig 
lA B) in 51 pel cent and fiom the blood m 16 pei cent of 60 animals 



Fig 11 — Edema, degeneration and cellular infiltration of the muscles of 2 
rabbits {A) five days and (5) two days after intravenous injection of strep- 
tococci isolated from the spinal fluid Hematoxylin and eosin stain , X ISO 

given injections during the epidemic of 1934, from ovaiies showing 
hemorihage m 62 pei cent of 16 female animals given injections during 
the present stud}^ (table 4, fig 14 C) and fiom the brain in 46 per cent 
(fig 14 D) and fiom the blood m 30 per cent of 77 animals inoculated 
during the present study Control cultures from uninvolved tissues and 
blood of well animals never yielded streptococci 

In contrast, streptococci were not isolated from the muscles of any 
of 11 or from the ovaries of any of 9 animals given injections respec- 
tively of streptococci from well pei sons or of filtrates, sterile dextrose— 
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Fig 12 — A, hemorrhage, necrosis and cellular infiltration in tissues and cellular 
infiltration in cystic fluid B, diplococci in the orar\ of a rabbit inoculated intra- 
venously with streptococci isolated from the o\ary referred to in the legend for 
figure 4 (A, hematoxylin and eosin stain, X 85, F, Rosenow-Gram stain, X 1,000) 



Fig 13 — Subcapsular hemorrhage, infarction of the kidnc\ and hemorrhagic 
infiltration of the ureter of a monke> inoculated intraspinalh and intracerebralK 
with a suspension in gelatin-Locke solution ol the nasopharjngeal swabbings 
from 8 patients X 1 
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brain broth or saline solution This striking difference in lesults in test 
animals and controls is in accord with lesults obtained in many othei 
similar experiments Filtiates of nasopharyngeal washings of patients 
with this bizarre type of disease were injected intracerebrally by standard 
methods for the detection of poliomyelitis and encephalitis viruses into 
rabbits, monkeys and mice Viius “takes” were not obtained m a single 
instance 

Duiing the piesent study 46 mice weie given intracerebial oi intra- 
peritoneal injections of streptococci obtained from 27 patients In some 
tremors and spasms associated with weakness (especially of the hind 
extremities) followed Stieptococci were isolated from the blood, 
pleural fluid or brain of 31 of the 42 mice that died 


V. 



Fig 14 — Streptococci isolated in dextrose-brain broth from {A) involved 
muscle of a monke}' and (B) the brain of a monkc} at the time of the epidemic 
of 1934 and (C) the ovary of a rabbit and {D) the brain of a monkey at the 
time of the present stud)", after intracerebral or intravenous injection Gram 
stain , X 1,000 


The streptococci isolated from chaiacteiistic lesions pioduced by them 
m animals were grown m puie culture in dexti ose-hram broth, and the 
cultures were filed away in hermetically sealed bottles These cultures 
were kept at room tempeiatuie without transfei foi about eighteen 
months Suhcultuies }'ielded puie growths of the stieptococci in many 
instances The first subcultuie of each of foui strains, from the blood, 
spinal fluid, muscle and ovary, i espectively, was injected into rabbits 
m a manner similar to that used when the strain was fiist isolated 
The animals showed lesions in the muscles, fasciae, dura, nerve loots, 
ovaries, stomach and urinary tract which resembled in type, distribution 
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and incidence those pioduced with the freshly isolated strains An equal 
number of control animals given injections of streptococci freshl) 
isolated from patients with colds and encephalitis exhibited no such 
lesions 

SPECIFIC LOCALIZATION OF STREPTOCOCCI FED TO ANIMALS 

In order to deteimine the specific invasive power of the isolated 
streptococci with lespect to the mucous membrane of the gastrointestinal 
tiact, 12 mice and 12 labbits were' fed material containing the stiepto- 
cocci As contiols, 12 mice and 12 labbits were given water sterilized 
with tinctuie of iodine (1 30,000) The suspensions of strepto- 
cocci were prepared in such a mannei as to contain approximately 
2,000,000,000 oiganisms per cubic centimeter The experiment was 
continued for one week, at the end of which all animals that had sui- 
vived were etherized for examination Three of the rabbits that received 
the suspensions died, but none of the mice that received the streptococci 
and none of the 24 controls died Lesions weie found m 9 of the 12 
rabbits that were fed streptococci They occurred chiefly in the duia 
mater, in and surrounding nerve roots (radiculitis), m muscles of the 
thighs, thorax and hips and in the peritoneum, uterus and ovaries No 
lesions were observed m the 12 contiol rabbits The streptococci were 
isolated from the brains of 3 of the 12 test rabbits, from the blood of 
1, from the muscles of 7 , from the peiitoneal fluid of 9, from the kidneys 
of 5 and fiom the uteii and fetuses of 2 and the ovaries of 3 of the 
5 females In contrast, streptococci were isolated from only 1 of the 
12 control rabbits and in that animal only from the hvei Of the 12 test 
mice which had received living streptococci, the organism was isolated 
from the livers of 4, from the spleens of 8, and from the ovaries of 5 of 
the 6 females m the group In contiast, streptococci were isolated from 
the hveis of only 2 and from the spleen of only 1 of the 12 controls 
In no instance were stieptococci isolated from the ovaries of the 4 
females m this group 

PREPARATION AND USE OF STREPTOCOCCIC VACCINE 

As soon as it was found that the streptococci isolated would produce 
lesions m animals similar to those observed in the patients from whom 
the organisms had been isolated, a composite vaccine was prepared from 
strains isolated fiom nasopharyngeal mucus, blood, spinal fluid and 
excised muscle The organisms obtained in representative cases were 
grown for twenty-four hours in dextrose-biam broth, and the centri- 
fuged bacteria were suspended densely in glyceiin (2 parts) and 25 per 
cent solution of sodium chloride (1 part) This dense suspension was 
diluted in a solution of sodium chloride equivalent to the density of the 
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original cultuie (2,000,000,000 organisms per cubic centimeter) It was 
then heated to 7S C (167 F ) for one hour Sterility tests were made, 
and phenol to 0 2 per cent was added as a presei vative Extreme hyper- 
sensitivity to these organisms had been anticipated and was found to be 
present in most cases Hence, the vaccine was diluted, tenfold, one 
hundredfold and one thousandfold, respectively, for use In a few 
patients, who were only moderately sensitive, improvement, sometimes 
spectacular, followed the subcutaneous injection, at hist twice and then 
once weekly, of gradually inci easing doses of the vaccine Most of 
those who were excessively sensitive eithei did not improve or were 
made worse by the vaccine 

COMMENT AND CONCLUSIONS 

By means of special methods my associates and I have isolated the 
same type of sti eptococcus from the nasophaiynx, stools and uterine 
cervix and, during exacerbations of the disease, consistently from 
catheterized urine, blood, spinal fluid, excised muscles and ovaries of 
patients suffering from recurring encephalomeningoradiculitis and fibro- 
myositis The common occuirence of mfiltiation of the dura, especially 
in the lumbar region, and the almost complete absence of cells m the 
spinal fluid, of animals given injections of the isolated streptococci 
indicate that the streptococci isolated from the spinal fluid were really 
from the infiltrated dura 

The almost simultaneous occuirence of exacerbations m many cases, 
the common presence of gastrointestinal symptoms in patients, the spe- 
cific localization in animals aftei injection and feeding and the presence 
of the streptococci in large numbers m the stool dui ing exacerbations of 
the disease indicate that the most piobable souice of infection m these 
cases was the gastrointestinal tract Infection m teeth and tonsils 
seemed not to be the source in most of the cases 

The chief S3'mptoms and lesions found in patients at the time of our 
study were reproduced in monkeys, rabbits and mice by intracerebral 
and intravenous injection and by feeding of the streptococci at the time 
of isolation and also eighteen months latei The findings leferable to 
the ovaries lecall the case of acute pi unary sti eptococcic ovaritis 
reported by Wilder The expeiimental pioduction of ovaritis m 
animals by injecting streptococci isolated from ovarian tissues recalls 
the production of ovaritis electively by means of the sti eptococci isolated 
from ovaries undergoing scleiosis and cystic degeneiation The lesions 
in nerve roots, fascia and muscles recall the results of similar studies of 

14 Wilder, R M Peritonitis Following Acute Ovaritis of Anginal Origin, 
J A M A 66 569-571 (Feb 19) 1916 

15 Rosenow and Davis, cited in footnote 10 
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epidemic neuromyeloencephalitis,^® neuiomyositis or fibrositis/' m} 0 - 
sitis and myasthenia gravis 

On the basis of this experience I mteipret the deep-seated pains in 
the back, hips and thighs and the weakness and undue fatigability so 
common to these patients as due chiefly to infection and intoxication of 
muscles (myositis), connective tissue ffibrositis), neive roots (ladicu- 
Iitis) and dura matei (pach) meningitis) I interpret the extreme head- 
ache common to these patients as a toxic manifestation lathei than as 
an indication of infection of the brain by the stieptococci and infiltra- 
tion of the dura mater due to the piesence of the streptococci, and the 
extreme pain occurring duiing menstruation as referable to sclerosing 
infection of the ovaiies 

The filtrable virus, as was to be expected, could not be demonstrated 
in nasopharyngeal washings and other suspected matei lal, since enduring' 
immunity to and disappearance of the virus occur regularly after frank 
and aftei abortive attacks of poliomyelitis in both human beings and 
monkeys Immunity acquired during chronic streptococcic infections 
IS of shoit duration, this seems to explain the lecurring exacerbations 
and remissions which were such striking features of this gioup of cases 
The widespread distribution and the character of the lesions and the 
extreme sensitiveness to the isolated stieptococci and to the vaccine 
piepared from them may account for the fact that cine of the patients 
has been difficult 

The conclusion seems wai ranted, then, that this strange disease 
actually was not poliomyelitis at the time of our study but was, rather, 
encephalomeningoradiculitis of the type which is usually associated with 
fibromyositis, that it was caused by a type of streptococcus having simul- 
taneous affinity in varying degrees for the nervous system, connective 
tissue, muscles and ovaries and, furtheimoie, that this type of strepto- 
coccus was related to that isolated by us during the epidemic of 1934 

Dr Hugh T Jones, of Los Angeles, suggested this study and assisted in the 
work Drs O J Sloan and E T Remmen, at the Physicians and Surgeons 
Hospital, Glendale, Calif , provided laboratory space and permitted clinical 
observations 


16 Rosenow, E C Neuromyelo-Encephahtis During and Following an 
Epidemic of Hiccup Diverse Localization of Streptococci, Arch Neurol & 
Psychiat 16 21-36 (July) 1926 

17 Rosenow and Jensen, cited in footnote 10 

18 Rosenow and Ashby, cited m footnote 10 

19 Rosenow, E C , and Heilman, F R Serologic Studies with Strepto- 
cocci Isolated in Cases of Mj asthenia Gravis, Proc Soc Exper Biol & Med 
34 477-480 (May) 1936, footnote 13 
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I A MODIFIED AIR INJECTION ROENTGEN TECHNIC FOR 
DEMONSTRATING CORTICAL AND MEDULLARY TUMORS 

OLIVER COPE, MD 

ANO 

RICHARD SCHATZKI, MD 

BOSTON 

The most important element m the diagnosis of an endocrine disease 
IS the demonstration of an anatomicall}’^ abnormal gland Recognition 
of disordeis of the thyroid, for example, has been facilitated by the ease 
^\lth which the gland can be palpated in the neck or visualized by the 
loentgeii ra3^s if it is in the mediastinum The presence of a tumor of 
the adienal gland may not be demonstrable by palpation, displacement 
of the kidney oi roentgen visualization unless the growth is of con- 
siderable size Any method offering greater precision in the recognition 
of an adrenal tumor early in its historj^ warrants further study Pen- 
adrenal insufflation of air at present yields the most promising diagnostic 
possibilities Its technic forms the basis of this study 

There are thiee clinical syndiomes associated with hypei functioning 
tumors of the adrenal cortex, namely, virilism, basophilism and (in the 
male) feminization Recognition of these syndromes is easy when the 
disease is advanced or pronounced but difficult when it is early or mild 
Confusion in the diagnosis is possible, since the signs of one syndrome 
may blend into those of another and since each syndiome may be 
simulated by disease originating in another gland Theie is no infallible 
clinical 01 laboiatory finding which points to the adrenal cortex as the 
primary souice of the disease For example, recent assays of the urine 
of the patient for androgen and estiogen aie of limited diagnostic use, 
since the findings aie not chai actei istic in cases in which the diagnosis 
is questionable and are definite only in cases in which it is clinically 
obvious Demonstiation of enlargement of the adienal gland remains 

From the Departments of Surgery and Medicine of the Harvard Medical School 
and from the Surgical Services and X-Ray Department of the Massachusetts 
General Hospital 

This study has been made possible by a surgical assignment to one of us (O C ), 
through the cooperation of Drs E D Churchill, A W Allen and J V Meigs of 
the Surgical Staff of this hospital 
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the most reliable diagnostic measuie m a case of suspected adienal 
disease 

It may be difficult on a clinical basis to distinguish h}peiadicnmism 
due to a pheochromocytoma from othei types of hypei tension With 
the piogiession of hypei adrenmism peimanent hypei tension may 
develop, lesembling other foims of essential hypertension, and the 
diagnosis is not made unless the patient is observed in a li}pei tensive 
ciisis A simple and safe method of visualizing letiopeiitoneal masses 
should piove useful in substantiating a clinical impiession 

Of the methods commonly ar'^ailable foi demonstiation of cnlaige- 
ment of the adienal gland, direct palpation of a tumoi in tlie icgion of 
the gland has been the most leliable The position of the adienal gland 
undei the dome of the diaphragm, in fiont of the tenth and eleventh 
libs, makes diiect palpation of the gland impossible unless it is con- 
sideiably enlaiged Even at opeiation thiongh the al)dominal cavity, 
diiect palpation of the gland may be misleading Displacement of a 
kidney is only suggestive and does not occur to a degiee detectable 
on physical examination unless the tumoi is large Pam fiom cnlaige- 
ment of the adienal gland does not occur until eithei the tumor is 
massive oi malignant extension has taken place The noimal adienal 
gland cannot be identified by the oidinaiy flat loentgenogram Unless 
a tumor of the gland has attained a certain size, simple loentgen visual- 
ization IS not possible, and, as on physical examination, displacement 
01 lotation of the kidney by a tumor above cannot be counted on unless 
the tumoi has i cached a diameter of at least 5 cm 

After the intioduction of the roentgen rays, use was made of gases 
as contiast mediums in the peritoneal cavity^ Rosenstein ““ and Carelli 
and SoidellU'^ repoited independently and almost simultaneously in 
1921 impioved visualization of the kidney by the retiopeiitoneal mjec- 

1 Rosenstein and others gave Rautenberg (Rautenberg, E Roentgenpho- 
tographie der Leber, der Milz und dcs Zwerchfells, Deutsche med Wchnschr 
40 1205, 1914) credit for the first pneumoperitoneum, although it had been used 
earlier (Lorev Ueber eine Methode die Organe dcr Bauchhohle ini Rontgenbilde 
darzustellen, Munchen med Wchnschr 61 274, 1914) 

2 Rosenstein, P (a) Die “Pneumoradiographie des Nierenlagers,” ein neues 
Verfahren zur radiogi aphischen Darstcllung der Nieren und ihrci Nachbarorgane 
(Nebenniere, Milz, Leber), Ztschr f Urol 15 447, 1921, (b) Erfahrungen mit der 
Pneumoradiographie des Nierenlagers, Med Klin 18 529, 1922 

3 (a) Carelli, H H , and Sordelli, E Un nuevo procedimiento para explorar 
el rinon, Rev Asoc med argent 34 424, 1921 (Zi) Carelli, H H Sur le 
pneumoperitoine et sur une methode personelle pour ^olr le rem sans pneumo- 
peritoine. Bull et mem Soc med d hop de Pans 45 1409, 1921 , (c) El ciifisema 
pen-renal en el diagnostico radiologico de las afecciones del riiion, Re\ Asoc. 
med argent 36 1127, 1923 
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tion of oxygen or carbon dioxide In both ai tides delineation of neigh- 
horing organs, including the adrenal glands, was described, but neither 
author suggested use of the method for demonstration of disease of any 
organ other than the kidney Workers m different countiies were 
prompt to exploie the usefulness of the technic in cases of suspected 
renal disease Following Rosenstein’s lead, work was repotted from 
Germany,^ Finland ° and Hungary ** Immediately aftei his initial report 
Carelh demonstrated his technic m France,^^ Germany, England and 
the United States Caielh’s example stimulated inteiest, and minor 
modifications were suggested ‘ 

Complications soon weie encountered, mediastinal emphysema and 
■air embolism were lecorded Although deaths from pneumoperitoneum 
had been reported,® no actual deaths from retroperitoneal peiirenal insiif- 
ff ation of an wei e mentioned until i ecently ® 

The fiist to point out the usefulness of periienal reti operitoneal 
insufflation of air m the diagnosis of enlargement of the adrenal glands 
were Mosenthal and Losei and Israel These thi ee authors demon- 
strated roentgen hyperplasia of the adrenal glands aftei injection of gas 
in 2 sisters with virilism The glands weie not, however, pro\ed dis- 
eased by operation or autopsy The report of these cases was appar- 
■ently lost sight of, and it was not until 1935, when Cahill emphasized 

4 (a) Boeminghaus, H Zur Pneumoradiographie des Nierenlagcrs, Ztschr f 

urol Chir 9 51, 1922 (h) Mosenthal, A Unsere Erfahrungen mit der ‘'Pneumo- 

radiographie des Nierenlagers” nach P Roscnstein, ibid 12 303, 1923 (c) Loser, 
A , and Israel, W Zur Pathologic und Diagnose des Pscudohcrmaphroditismus 
feminmus externus als innerer Sekretionsstorung, ibid 13 75, 1923 

5 Jansson, C G Beitrag zur Pneumoradiographie dcr Nicren, Acta chir 
Scandinav 58 311, 1924 

6 Szabo, I Beitrage zur Pneumoradiographie, Bcitr z Uin Chir 129 
677, 1923 

7 Chevassu and Maingot A propos de rinsuffiation peritoneale, J d’urol 13 
54, 1922, L’lnconstance des resultats fournis par I’lnsufilation perirenale, ibid 13 
118, 1922 Hernaman-Johnson, F The Carelh Method of Perirenal Inflation, 
Brit M J 1 91, 1922 Delherm and Laquerncrc La radiographic du rein par la 
methode Carelli-Sordelli Le pneumo-rein, Prcsse med 30 133, 1922 Delherm, 
Laquernere and AIorel-Kahn Sur un nouveau procede d’exploration radiologique 
du rein Le pneumo-pen-nephros, J de radiol et d’electrol 6 369, 1922 Quinby, 
W C Perirenal Insufflation of Oxygen, J Urol 9 13, 1923 

8 Case, J T A Review of Three Years’ Work and Ai tides on Pneu- 
moperitoneum, Am J Roentgenol 8 714, 1921 

9 Fish, G W , (ff) in discussion on Roome, N W Visualization of the 
Adrenal Glands by Air Injection, JAMA 112 196 (Jan 21) 1939, {.h) per- 
sonal communication to the authors 

10 Cahill, G F Air Injections to Demonstiate the Adrenals by X-Ray, J 
Urol 34 238, 1935 Cahill, G F , Loeb, R F , Kurzrok, R , Stout, A P , and 
Smith, F M Adrenal Cortical Tumors, Surg, Gynec & Obst 62 287, 1936 
Cahill, G F The Adrenogenital Syndrome and Adrenocortical Tumors, New 
England J Med 218 803, 1938 
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the advantages of i eti opentoneal injection of an in disclosing tumors 
of the adrenal glands, that the procedure finally received the recognition 
it deserves Between the dates of publication of the paper by Loser 
and Israel and that by Cahill, seven papers appealed describing the use 
of retroperitoneal injection of gas In all of these papers only diseases 
of the kidney itself weie considered, and with the development of 
improved pyelographic methods, the gas injection piocedure fell into 
disuse 

Since the publication of Cahill s papers, Mencher,^^ Gianturco and 
Dienckhahn^^ and Roome have added their recommendations of the 
piocedure in the diagnosis of disease of the adrenal glands In spite of 
these reports, Walteis and Kepler^® stated that they aie unimpressed 
by the possibilities of the technic In view of the possible hazards of 
the procedure, their skepticism is not without justification Since all 
untoward effects aie avoidable by use of the modified technic to be 
described in this paper, reconsideration of the procedure is necessary 
at this time in ordei that a useful technic shall not fall into disrepute 

The present study is based on 163 separate injections of air in 78 
patients In all of the cases studied there was some clinical reason to 
suspect disease of the adienal glands The size of the shadows outlined 
by air, visualized on the roentgen film, was confirmed by operative 

11 Langeron and his associates demonstrated a large suprarenal tumor by 
intrapentoneal insufflation of air (Langeron, L , Decherf, E , and Danes 
Epithelioma cortico-surrenal avec virilisme et hirsutisme Localisation par le 
pneumo-peritoine , extirpation chirurgicale, Bull et mem Soc med d hop de 
Pans 53 436, 1929) Because of the intervening peritoneum and renal fascia, air 
in the peritoneal cavity will not outline a normal adrenal gland or a small tumor 
of the gland 

12 Roseno, A , and Hartoch, H Das Pneumoradiogramm des Nierenlagers 
bei der Gallenblasendarstellung Ein ncuer Weg zu verfeinerter Diagnostik, 
Deutsche Ztschr f Chir 198 250, 1926 Schilling, H Pneumo-Radiography of 
the Kidney, Internat Clin 4 138, 1927 Gottlieb, J Ueber Pneumoren, Ztschr 
f Urol 21 32, 1927 Dozsa, E Ueber die Indikation, diagnostische Bewertung 
und Gefahren der Pneumoradiographie, Ztschr f urol Chir 28 365, 1929 Schuller, 
J Zur Frage des Skrotalemphysems nach Nierenoperationen, Ztschr f Urol 
24 345, 1930 Viethen, H Techmk und Indikationsstellung der Pncumo- 
radiographie des Nierenlagers, ibid 25 1, 1931 Jansson ^ 

13 Mencher, W H Perirenal Insufflation, JAMA 109 1338 (Oct 23) 
1937 

14 Gianturco, C, and Drenckhahn, C H The Role of Perirenal Injections of 
Gas in the Radiological Study of the Adrenal Glands, Radiology 30 500, 1938 

15 Roome, N W Visualization of the Adrenal Glands by Air Injection, 
JAMA 112:196 (Jan 21) 1939 

16 Walters, W , and Kepler, E J Adrenal Cortical Tumors and Their 
Treatment A Studv of Se\en Operated Cases, Ann Surg 107 881, 1938 
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exposure through a retropeiitoneal appioach^" in 15 patients and by 
postmortem examination of 2 patients 

TECHNIC 

Site of Injection — The success of the air injection technic for 
visualization of the adienal glands depends on the anatomic fact that 
the renal fascia, or fascia of Gerota, forms a compartment which encloses 
both the adrenal gland and the kidney An injected anywhere in this 
compartment diffuses throughout the pennephiic fat, outlining the t^vo 
oigans into which the air does not penetrate 

The site of choice for injection of an into the perirenal space is the 
triangular fat pad below the kidney The kidney is suspended partly 
by Its vasculai attachment, paitly by fine bands of connective tissue 
running thiough the peiinephric fat from the lenal capsule to the renal 
fascia and partly by the pressure of the sun oundmg organs The lower 
pole of the kidney rests in a mass of fat which lies between the anteiioi 
and posterior folds of lenal fascia above the pelvic brim 

The presence of a ptotic kidney is first excluded by palpation oi 
by roentgen examination One pei cent aqueous solution of procaine 
hydiochloride is injected into the skin with a fine needle just abo\e the 
iliac ciest, lateral to the semispinalis muscle (fig 1) Two cubic centi- 
meteis of the procaine solution is then injected into the subcutaneous 
fat and external fascia, medial to the expected line of inseition of the 
needle A 20 gage lumbai puncture needle with a stilet is passed through 
in the following ordei the skin, the subcutaneous fat, the fused 
posterior and medial layers of the lumbodoisal fascia, the quadratis 
lumboium muscle m its lowei and lateial portion the anteiioi layer 
of the lumbodorsal fascia, the thin layer of paianephiic fat and, finally 
the posterior fold of the renal fascia, into the perinephric fat After 
passing through the renal fascia the needle slips leadily through the fat 
for 2 to 3 cm until the anterior fold of the fascia is reached Pushing 
the needle back and foi th foi 1 to 2 cm in this space without encountei - 
ing obstructing fascia is viitual anatomic proof of the position of the 
point 

With care and piactice the needle can be felt to pass through each 
of these laj^ers As it is inseited the needle point passes not only 
anteriorly but slightly medially In the route desci ibed the needle avoids 
the semispinalis and psoas muscles If it is inseited too far medially 
it will penetiate the psoas muscle, and the distance tiaveised will have 
to be much greatei before the peiinephric space is leached Also, the 
posterioi leaf of the renal fascia thins out medially, and a less distinct 

17 Cope, O Tumors of the Supratenal Glands III Description of a 
Retroperitoneal Subdiaphragmatic Operative Approach to the Suprarenal Gland, 
to be published 
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dick IS felt when the needle passes through it Injection of the air 
behind the renal fascia, as in the peritoneal canty, although it may 
outline a large tumor and the diaphragm, will not delineate the noimal 
adrenal gland or a small mass 

When the needle is believed to be in place the stilet is withdiawn, 
a syringe containing the procaine is fitted and the plunger is withdrawn 



Fig 1 — A, patient in position for injection on eithei side A thin pillow is 
placed under the lower part of the chest and if necessary under the pelvis to obviate 
lumbar lordosis The twelfth rib, the spinous processes, the crest of the ilium and 
the lateral border of the semispinalis muscle are marked The circle indicates the 
optimal site of injection The cross shows the usual but incorrect point of injection 
B, closer view, taken from above the head of the patient, showing the angle of 
insertion of the needle in a patient of this build 

to make sure that the point is not within an aberrant vessel Two cubic 
centimeters of the anesthetic solution is then injected A second test 
of the position of the needle point is now possible , if the needle is still 
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in the muscle the solution enters only under piessuie, if it is in fat 
tissue the solution runs in readily and can also be withdrawn The 
syringe is now replaced by a glass adapter This is attached by rubber 
tubing to a second glass adapter, packed with sterile cotton, which in 
turn IS connected to a 50 cc tight-fittmg ordinary syringe (fig 2) A 
second withdrawal of the plunger is then advisable, and if the anesthetic 
solution and no blood returns, the injection of air is started 



Fig 2 — Paraphernalia required for injection of air 1, 20 gage lumbar puncture 
needle with stilet, 2, 5 cc syringe with a no 25 needle, 3, empty glass adapter 
(c), rubber tube (&), glass adapter packed with cotton (c) and connection rubber 
tubing (rf) 4, 50 cc tight-fitting glass syringe A clip or three way stopcock to 
close the rubber tubing while the syringe is being refilled with air is not needed, 
since the air is injected under low piessure The rubber tubing may be closed 
between the fingers or left open 


Volume of Injection — Two hundied cubic centimeters of air is 
ample for the adult, for a child smaller quantities are used Laigei 
volumes, although recommended by otheis, aie unnecessary, the laigei 

18 More complicated apparatus is not necessary A water manometer connected 
with the circuit is advisable while learning the procedure 
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the volume, the greater the piessure requiied to complete the injection 
Higher pressures inciease the risk and the discomfort 

Rate of Injection and Piessuie — Not less than ten minutes is 
required to inject the air The air as well as the anesthetic solution 
enters readily if the needle point is in the correct place The pressure 
required for the injection of the air need never exceed 25 cm of water, 
a pressure of 15 to 18 cm usually suffices Withdrawals of the plunger 
during the injection aie wise If the needle is in the right space, air will 
be recoveied 

COMPLICATIONS 

The technic used at this hospital has been particulail}^ designed to 
avoid the following possible complications 

An Embolism — The most frequently reported complication of pen- 
adrenal injection of air is air embolism Except for the 2 deaths lecorded 
by Fish,®'^ the reports in the hteratuie have been of nonfatal embolism 
A leport, however, has come fioin anothei clinic of a recent death from 
an embolism authenticated by autopsy and by postmortem roentgen 
examination 

In injecting the air one is tempted to inseit the needle point as near 
the gland as possible In all accounts m the literature, exactly this pro- 
cedure IS recommended In view of the vascularity of the legion and 
of the adrenal gland itself, it is unwise to pass a needle into this area 
Besides the three sets of vessels supplying the adrenal gland, the vessels 
to the other i etropei itoneal organs, the panel eas, duodenum, spleen and 
kidneys, as well as the vena cava on the right side, must be considered 
The aorta, with its pulsation and its thicker wall, is readily recognized 
and avoided Penetiation of any one of the veins may result not only 
m a hematoma but, on injection of the air, m embolism In the anatom- 
ically well defined area recommended in this paper as the site of injec- 
tion, only the minute vessels supplying the peimephiic fat itself are 
pi esent 

Besides the vasculaiity of the region, the rate of injection should 
play a role m -the prevention of air embolism If the needle is moved 
during the injection and the air enters a -sein, the danger is minimized 
if the rate of injection is as slow as has been recommended The 20 
per cent of oxygen in the air is absorbed rapidly by the blood, and 
such nitrogen as is not absoibed immediately is found as small peiipheral 
emboli m the lungs To produce an embolus of sufficient size to cause 
circulatory embarrassment this volume of air vould have to be injected 
much more rapidly 

The use of 0 x 3 gen instead of air has been considered, since with 
its use theie would be less danger of peripheral emboli m the lungs 
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As will be pointed out undei “Interpretation,” howevei, many hours are 
sometimes required for proper diffusion of the gas, and oxygen is so 
rapidly absoibed fiom the tissues that good visualization of the adrenal 
glands would not always be obtained The even more rapid absorption 
of carbon dioxide excludes the use of this gas m spite of its lapid rate 
of diffusion 

No signs 01 symptoms of an embolism occurred in the patients in 
this series 



Fig 3 (case 20) — Anteroposterior plate taken one-half hour after simultaneous 
bilateral penadrenal insufflation A small mass, larger and denser than a normal 
adrenal gland, is seen occupying the right suprarenal space (see square) A normal 
adrenal gland is outlined on the left side (white arrow) The shadows of both 
kidneys are normal 

Hematoma of the Renal Capsule — When the needle is inseited the 
kidney must be scrupulously avoided In the twentieth case of this series 
the needle was felt to enter the capsule of the kidney Blood oozed slowly 
from the needle The needle was therefore withdrawn and inserted 
below the kidney, and the air was injected The roentgenograms taken 
within one-half hour after the injection showed the outlines of a normal 
kidney (fig 3 ) The films taken twenty-four houis later levealed an 
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enlarged, irregular, indistinct renal shadow (fig 4) The patient, ^\hosc 
case has been repoited elsewhere by Palmer and Castleman,’'’ died six 
days later in one of her frequent hypertensive crises At postmoitem 
examination a large hematoma distending the true renal capsule and 
compressing but not involving the renal substance was found (fig 5). 
Although it was undoubtedly not the direct cause of the death of this 
patient, a similar complication in another patient might well be the 
contiibuting oi final cause of death Had the hematoma been on the 



Fig 4 (case 20) — Anteroposterior plate taken twenty-four hours after figure 3 
The tumor of the right adrenal gland and the kidney are as previouslj outlined The 
shadow of the left kidney is enlarged and irregular, with indistinct margins (white 
ariows) The shadow of the normal left adrenal gland is still visible Compare 
with figures 3 and 6 


side of the pheochi omocytoma a fatal outpouiing of adrenin by direct 
piessuie on the tumor might have occurred The experience gamed in 
this case emphasized the importance of introducing the needle into the 
peiiienal space, \vell aw^ay from the kidney 

19 Palmer, R S, and Castleman, B Paraganglioma (Chromaffinoma, 
Pheochromocytoma) of the Adrenal Gland Simulating Malignant Hypertension, 
New England J kled 219 793, 1938 
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Hematoma oj the Adi enal Gland — The fragility of the rich vascular 
netwoik of the adrenal gland itself must be emphasized Inconsiderate 
handling of the gland at operation may lesult m such rapid formation 
of a hematoma within the substance of the gland that an appai ent tumor 
exists by the time the gland is completely exposed We have seen else- 
wheie two noimal glands removed because of such hematoma formation 
Because of the delicate capsule and the paucity of supporting stroma a 
needle may easily be run thi ough the adi enal gland without the operator 
being awaie of it A hematoma ma}^ occui as a result, and after the 
insufflation of an an apparent tumoi, m leality the hematoma, may be 



Fig 5 (case 20) — Left kidney compressed by a hematoma within the true renal 
capsule, found at autopsy six days after a needle puncture wound No hemorrhage is 
visible within the substance of the kidnc}" 

outlined Although this complication has not been met m this series of 
injections, the possibility of its occurience is sufficient reason for intro- 
ducing the needle at the site desciibed 

Expi ession of Adi emn — In the use of this technic m uncovering 
medullai)'^ tumoi s another point must be kept strictly in mind Adrenin 
is readily expressed fiom such tumors, and sudden death has been 
reported fiom palpation of these tumoi s with dischaige into the circula- 
tion of insuppoi table quantities of the secretion In a young woman 

20 Howard, J E , and Barker, W H Paroxysmal Hypertension and Other 
Clinical Manifestations Associated with Benign Chromaffin Cell Tumors 
(Phaeochromocytomata), Bull Johns Hopkins Hosp 61 371, 1937 
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with a pheochi omocytoma in this series, the worst attacks had fol- 
lowed increased abdominal piessure caused by her infant sitting on her 
abdomen In injecting air care must be taken to avoid everything but 
minimum piessure For this leason, obviously the smallest possible 
quantity of an should be used 

Pam — Another reason for the low pressure and slow rate of injec- 
tion of the air is the avoidance of pain With the slow inflation of the 
peiinephiic space, at most a feeling of fulness is noticed deep in the 
flank or abdomen, comparable to the sensation of a distended stomach 
Rapid injection of air may cause shaip pain Although presumably this 
pain is pioduced by ovei distention of the connective tissue spaces, actual 
lupture of the connective tissue must be considered In 6 of the oper- 
ative cases, exploration of the supiarenal and permephiic areas was 
done from three to thiity-eight days after injection of air In none of 
the cases weie theie signs of lupture of any vessels The 1 case in 
which theie was any blood in the perinephric fat was the case in which 
a hematoma of the renal capsule was observed at autopsy The blood 
presumably had oozed from the punctuie wound in the renal capsule 

Injection of air into the muscle layers results not only in ail unsuc- 
cessful loentgen examination but in pain In some of the earliei cases 
the injections were followed by considerable discomfort In all of them 
an had infiltrated up through the psoas muscle, in some passing through 
the diaphragmatic cruia into the mediastinum When the latter occurred, 
some sensation of suffocation was noticed In 2 cases air in twenty- 
four hours leached the neck, where it could readily be palpated In 
none of the cases in which air was injected slowly and within the 
lenal fascia was there undue discomfort or did the air pass above the 
diaphragm 

Fat Emboksm — Fat embolism has been suggested as a cause of 
death following injection of air Although we are skeptical of the pos- 
sibility of fat embolism under these ciicumstances, it cannot be dismissed 
on the available evidence 

INTERPRETATION 

After the injection the patient is asked to walk around for at least 
half an hour Massage of the loin, lecommended by Cahill, has not been 
found necessary Sometimes good delineation of the kidney and adrenal 
gland IS obtained within a half hour In the majority of cases more 
complete diffusion of the air and therefore better visualization of the 
organs is obtained after twenty-four hours It has been the practice 

21 At operation m 2 cases air was still present in the tissues The presence 
of the air in no way presented an operative difficulty 
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in all cases to take two sets of plates, one within an hour after the 
injection and the second twenty-four hours later Anteroposterior and 
lateral views are taken each time No special piepaiation of the gastro- 
intestinal tract IS necessary, but the colon should be clean In order to 
obtain clearer lateral plates in the last 40 cases, air was injected on one 
side at a time except under special circumstances One week is allowed 
to elapse between injections In seven days practically all of the air has 
been absorbed Dividing the examination into two parts has the added 
advantage of diminishing the feeling of distention 

The normal adienal gland is not always visualized on the air injec- 
tion roentgenograms When outlined, in its variety of shapes it conforms 
closely to the gross anatomy of the adrenal gland as seen at operation 
or autopsy The left gland is generally elongated , the right, pyramidal 
In all cases in which suspected hyperplasia has been demonstrated at 
operation, a shadow coriesponding to the operative finding has been 
visualized on the roentgenogram One atrophied adrenal gland exposed 
at operation had not been visualized on any of the plates, and one 
noimal gland, similarl}'’ verified, had been visualized on some but not all 
of the films 

A shadow lepiesenting an adienal gland is identified on the 
roentgenogram by the pieciseness of form and outline, the relative 
density and the position above the kidney In none of the cases m 
which the diagnosis was verified has such a clearly defined mass not 
proved to be adrenal tissue A difficulty in interpretation is caused by 
superimposed irregulai shadows cast by the fat and connective tissue 
surrounding the gland The density of the shadow cast by the noimal 
gland IS ordinal ily greater than that cast by sunounding tissues but is 
less than that cast by the upper pole of the kidney 

The anteroposterior film gives the most satisfactory results, but 
lateral plates are advised as controls Intravenous pyelographic studies 
have been made simultaneously with the air injection films in many cases 
Since the injected air outlines the kidney so well, this procedure has 
not added anything to the knowledge of the adrenal gland 

USES 

We have found peiiadrenal injection of an useful under the follow- 
ing circumstances 

1 Visualization of a small tumor not demonstrable by other means 
In figure 3 injected air is shown to have outlined a small tumor of 
the adrenal medulla The tumor is recognized not only by its size and 
density, both of which aie greater than those of the normal gland on 
the opposite side, but by the convex lateral and medial bordeis The 
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tumoi (fig 6) was not visualized on the films taken for the intravenous 
p 3 ^elogiam (fig 7) The case is reported elsewhere^® 

2 Exclusion of the adienal glands as the primaiy source of disease 
by demonstiation of noimal shadows of these glands 

The syndromes sometimes associated with enlargement of the adrenal 
glands may be simulated, both clinically and m the laboratory findings, 
by disease elsewheie Exclusion of disease of the adrenal glands by the 



Fig 6 (case 20) — Intravenous pyelogram before in]ection of an Ihe tumor of 
the adrenal gland is not identifiable, its mass not being sufficient to cast a separate 
shadow or to displace or rotate the right kidney 

demonstiation of normal shadows helps to diiect attention and, there- 
fore, theiapy to the pioper site 

3 Demonstiation of the piesence or absence of a noimal adrenal 
gland when a large tumoi exists m the contralateral side 

The high mortality repoi ted as immediately following the i emoval 
of a tumor of the adrenal gland is due presumably to acute cortical 
insufficiency The normal cortical tissue remaining after i emoval of the 
tumor IS insufficient to supply the requirements of adrenal cortical 
hormone The repoi ted incidence of the absence of a noimal gland in 
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the side opposite the tumor is thought to be due to atrophy fiom disuse 
of that normal gland It is essential to demonstiate the existence of 
normal tissue before excision of a tumor, subtotal excision of the tumor 
being indicated if adequate normal tissue is not found Demonstration 
by injection of air of a noimal gland on the side opposite the tumor 
may preclude an operation, since satisfactory exposuie of the adrenal 
glands IS accomplished only through a posterior retroperitoneal 
approach,^’' necessitating a sepaiate incision for exploration of each 
gland 

4 Visualization of bilateral hypeiplasia of the adrenal glands 



Fig 7 (case 20) — Tumor of the adrenal medulla, removed at autopsy from the 
light side The body of the normal right adrenal cortex is shown on the superior and 
medial surface of the tumor 

The pathologic picture of hyperplasia of the adrenal cortex is not as 
yet on certain ground All that can be said at piesent is that hyper- 
plasia of the cortical layeis may exist as a primary source of disease 
and that grossly the adrenal glands aie enlaiged in all diameters The 
shadows cast by these enlarged glands with the air insufflation technic, 
although larger than those of the average normal gland, may be so nearly 
within normal limits that by the loentgen picture alone it may not be 
possible to make a diagnosis of cortical hyperplasia In this field of 
adrenal cortical disease, therefoie, the air injection technic is limited 
in its usefulness 
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5 Difterentiation of shadows mistaken for those of tumors of the 
adienal glands 

Two patients have been referred to us m whose cases endocrine 
disease was suspected and flat i oentgenograms had shown a shadow 
suggestive of tumor of the adrenal gland In each case the error in 
interpi etation was made apparent by the air insufflation technic 

COMMENT 

Any piocedure lequiimg insertion of a needle and injection of air 
is accompanied by some hazard With the safeguards outlined, however, 
the procedure of periadrenal insufflation of an is a simple one which 
can be performed on an ambulatory patient In the 163 sepaiate injec- 
tions there have been no fatalities and no signs of air embolism The 
only complications occurred m the first 20 cases, in which the site of 
injection recommended in the literature was used Besides the patient 
who had a hematoma of the kidney, there were 4 who had considerable 
discomfort In each of these 4 air had escaped into the mediastinum 
owing to impioper location of the needle outside the renal fascia 

In many of the articles in the literature advising modifications of 
the technic, statements are made that the needle should be passed so 
many centimeters in such and such a direction The variation m 
anatomy of the individual patient is so great that such instructions are 
only misleading To cany out the procedure properly surgical judgment 
IS needed Knowledge of the anatomy, although lequisite, is not suf- 
ficient Impetuosity, lack of precision and failure to check carefully the 
position of the needle will lead to complications and lack of success 

In spite of the safeguards the procedure is not recommended without 
reservation It should be used only for patients in whose cases there is 
definite suspicion of disease of the adrenal glands Its major use will 
be found in including or excluding the adrenal gland as the source of 
disease It has been pointed out also that opeiative exploration of the 
unmvolved adrenal gland may be obviated by its use m the case of a 
patient known to have a tumor Since the risk of periadrenal insuf- 
flation of air IS less than that of direct operative exploration of a gland, 
the opeiative mortality rate for patients with disease of the adrenal 
glands should be lowered 

Except for the single cases reported by Mencher and Roome, the 
use of the technic reported in the literature has been limited to disorders 
of the adrenal cortex Little attention has been paid to its applicability 
to adrenal medullary disease There are two reasons, however, which 
make it more difficult to disclose a pheochromocytoma than a tumor 
of the cortex In the fiist place, pheochi omocytomas occur more often 
in medullary tissue outside the adrenal gland than do cortical tumors 
in ectopic cortical tissue The air infiltration must, therefore, cover a 
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wider field of the reti operitoneal region In the second place, the 
average size of the reported adrenm-secreting tumors is smaller The 
possible hazard from the expression of adrenin from a pheochromo- 
cytoma during the injection of air is to be emphasized 

There will always be a limit to the amount of information which can 
be deduced from the i oentgenograms, no matter how well the technical 
procedures of the air injection are completed The absence of a supra- 
renal shadow, even though the distribution of the air in the perirenal 
space IS adequate, does not necessarily mean that an adrenal gland is 
absent oi atrophied The presence of a shadow consistent with that cast 
by a noimal gland cannot exclude absolutely the piesence of a small 
tumor or of hyperplasia 

SUMMARY AND CONCLUSIONS 

A modified technic for visualization of the adienal glands by the 
injection of air into the lenal space is desciibed In ordei to avoid 
complications, air is injected slowly, under low pressure, in small volume 
and into the lower lathei than the upper portion of the renal space 
The uses and limitations of the piocedure as indicated by the results 
of 163 injections in 78 patients are discussed 

It IS concluded that this procedure can be perfoinied on ambulatory 
patients and without fatality if the proper safeguards are employed It 
IS an important adjunct in the inclusion or exclusion of disease of the 
adrenal gland, either cortical or medullary By its use, not only can 
tumors be diagnosed earlier in the course of the disease but operative 
explorations of the adrenal glands can in certain cases be obviated 
The mortality in the treatment of patients suspected of having disease 
of these glands will, therefore, be lowei 
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In the past few yeais a number of lepoits have appeared on the 
f requeue}' and significance of azotemia following massive hemorrhage 
from the upper pait of the digestive tract The first of these communi- 
cations were those of Sanguinetti ^ who m 1933 and 1934 reported ele- 
vation of the urea nitrogen content of the blood in 9 cases of gastric or 
duodenal ulcei with hemoi rhage He assumed that this increase was due 
chiefly to absorption of pioducts of decomposition of the blood in the 
intestinal tiact, resulting in a state of intoxication which might prove 
fatal He actually recommended cecostomy in older to remove this blood 
He reported significant elevation of uiea m the blood of 2 of 3 persons 
fed pig’s blood 

In 1935, Ciistianseii' found elevation of the urea content of the 
blood and absence of uimary chlorides m 2 cases of bleeding gastric 
ulcer He concluded that these changes were due to absorption of toxic 
substances resulting from bacterial decomposition of the blood in the 
intestinal tract in addition to a diminished supply of chorides in the diet 
One of his patients showed no pathologic changes m the kidneys 

In the same yeai there appealed the reports of Sucic,® Ingegno ^ 
and Meylei ® Sucic reported elevation of the urea content of the blood 

* Justin A Rollman Fellow in Interna! Medicine, 1938-1939 

This study was aided by a grant from Parke, Davis & Company, through the 
cooperation of Dr E A Sharp 

From the Department of Internal Medicine, University of Cincinnati, and the 
Gastric Laboratory of the Cincinnati General Hospital 

1 Sanguinetti, L V Curvas azohemicas en las hemorragias retenidas del 
tubo digestive, Arch argent de enferm d ap digest y de la nutricion 9*68-75, 
1933, Azoemias en el curso de las hemorragias retenidas a nivel del tubo digestive 
(estudio clmico y experimental), ibid 9*264-287, 1934 

2 Cristiansen, T Uraemia as Cause of Death m Massive Haemorrhage 
from Peptic Ulcer, Acta med Scandinav 85*333-345, 1935 

3 Sucic, D Akute Azotaraie bei grossen gastro-intestinalen Blutungen, 

Khn Wchnschr 14*1316-1318, 1935 

(Footnotes contmued on nevt page) 
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of 6 of 7 patients, 5 of whom had a duodenal ulcer, 1 a gastnc ulcer 
and 1 cirrhosis of the liver He fed 500 and 1,000 Gm of calf’s blood 
respectively to 2 patients and noted no increase in the urea content of 
the blood one and two days later He reported no increase of this con- 
stituent in the blood of 5 patients with hemoptysis, in that of 2 persons 
subjected to relative starvation for three days or in that of 1 professional 
donor after venesection and removal of 600 cc of blood He concluded 
that the condition should not be ascribed to dehj'^dration, because it can 
develop in spite of adequate administration of fluids 

Ingegno ^ found a value foi blood urea of 38 mg or more per 
hundred cubic centimeters in 17 of 42 cases of hemorrhage due to peptic 
ulcer He stated that “the high nitrogen flgures were found almost exclu- 
sively in those examined within three days of the acute episode” and that 
persistent or increasing elevation of the value for urea pointed to continu- 
ation of bleeding There was no significant correlation between the degree 
of anemia and the azotemia Like Sangumetti, he concluded that the most 
significant factor in elevation of the uiea content of the blood was the 
protein of the blood liberated in the gastrointestinal tract He stated 
that such factors as hemorrhage per se, shock dehydration and staiwation 
might also play a role He reported normal concentration of blood 
chlorides in 5 cases and normal caibon dioxide-combining powei of the 
blood in several cases, but gave no figures 

Meyler ° noted elevation of the urea nitrogen content of the blood of 
4 patients with bleeding peptic ulcer and concluded that the increase was 
due primarily to increased destruction of body protein associated with 
dehydration and starvation He reported elevation of the blood chlorides 
of 2 patients and a noimal concenti ation in the case of a thud In 1 
instance he noted an increase in the indican content of the blood 

In 1936 there appealed Cristiansen’s ° second report, in addition 
to reports by Alsted,^ Clausen ® and Borst Cnstiansen found eleva- 

4 Ingegno, A P Elevated Blood Urea of Acute Gastrointestinal Hemor- 
rhage and Its Significance, Am J M Sc 190 770-774, 1935 

5 Meyler, L Post-Haemorrhagic Uraemia, Acta med Scandinav 87 313- 
325, 1935 

6 Cnstiansen, T Hyperazotaemia in Intraintestinal Haemorrhage, Acta med 
Scandinav, 1936, supp 78, pp 894-899 

7 Alsted, G Further Studies on Azotemia Following Hemorrhage in the 
Digestive Tract, Am J M Sc 192 199-208, 1936 

8 Clausen, J Hyperazotemia in Cases of Acute Ventricle Hemorrhage, Acta 
med Scandinav, 1936, supp 78, pp 908-914 

9 Borst, J G G Ueber Erhohung des Kochsalz- und Harnstoffgehaltes 
und Erniedrigung des Albumingehaltes des Blutes bei Patienten mit starken Magen- 
blutungen, Ztschr f klin Med 130 74-96, 1936 
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tion of the value for urea in 17 of 19 cases in which hemorrhage occurred 
and stated that the elevation may occur in cases of bleeding due to 
carcinoma as well as of bleeding due to peptic ulcer or to ruptured 
esophageal varix He found that achloruria was not an essential accom- 
paniment as he had at first thought and that the urea content of the blood 
decreased with the patient on a liberal diet without supplementary admin- 
istration of sodium chloride He concluded that the elevated value for 
uiea does not necessarily indicate an unfavorable prognosis unless it per- 
sists, progresses or is complicated by achloruria Later he stated that 
the presence of blood in the intestinal tract is a pieiequisite for the 
development of the azotemia, as no rise m the concentration of urea in 
the blood occurred when the blood was lost entirely through vomiting 

Alsted reported an elevation in the value for blood urea of more 
than 39 mg per bundled cubic centimeters in 22 of 26 patients suffering 
from hematemesis and melena He found a depiession of renal function 
in 1 patient m whose case the value for blood urea was 216 mg per 
hundred cubic centimeteis This patient died four days after admission 
to the hospital, with uremic symptoms but “without any apparent organic 
renal affection ” In 4 other cases in which the blood urea was increased 
there was no reduction of renal function 

Clausen® noted elevation of the value for blood urea m 3 patients 
with hematemesis within six to twenty-foui hours after the occurrence of 
hemorrhage, followed by gradual disappearance of the azotemia m the 
course of a few days He found no relation between the azotemia and 
the serum or urinary chloi ides In 2 of the cases in which there wei e no 
manifestations of shock, he reported what he interpreted as noimal urea 
clearances , in a third, m which shock was present, he reported a “moder- 
ate reduction of the renal function (maximum cleaiance 29 cc , standard 
clearance 23 cc ) not sufficient to explain the azotemia ” He permitted 
500 to 600 cc of ox blood to “infuse” into the stomachs of 2 patients 
and noted an increase m the blood urea of about 25 mg per hundred 
cubic centimeters within eight hours, with beginning decrease at the end 
of twenty-four hours 

Borst ® found elevation of the urea content of the blood in 5 of 6 
patients with peptic ulcer and hematemesis In 2 of the 5 patients the 
urea clearance was noimal, in 2 others the i eduction in clearance to 47 
and 58 per cent was not sufficient to account for the increase in urea, 
whereas in the fifth case there was a reduction to 19 per cent As there 
was simultaneous excretion of large amounts of urea m the urine, he 
felt that elevation of the urea content of the blood was due chiefly to 
increased breakdown of protein (derived presumably from the blood m 
the intestinal tract) Although there was a decided increase in the urea 

10 Cnstiansen, T Biochemical Changes in the Organism Produced by 
Massive Intra-Intestinal Hemorrhage, Rev Gastroenterol 4 166-180, 1937 
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content of the urine, the proportion of uric acid and cieatinine was nor- 
mal He also reported increase of the indican content of the blood and 
of the urine, which he attributed to decomposition of the blood m the 
intestinal tract 

From the repoits of these authors it will be seen that the elevation 
of the value for urea nitrogen which frequently follows hematemesis 
or melena has been ascribed to a number of factors, namely, dehydration, 
shock, impairment of renal function, increased catabolism of body pro- 
tein associated with starvation and absorption of products of decompo- 
sition of the blood liberated into the intestinal tract 

We have studied a series of 53 cases of hematemesis or melena 
observed with 1 exception at the Cincinnati General Hospital since Oct 
1, 1937, paying particular attention to the concentration of urea nitrogen 
in the blood and its relation to clinical findings In a small group of 
patients studies of renal function were made, which are to be reported 
separately We have been able to confiim the observation that elevation 
of the urea nitrogen content of the blood following hematemesis may 
occur m the presence of normal renal function Studies have also been 
made after oral administration of citrated human blood which establish 
the importance of the quantity of blood present m the intestinal tract at 
a given time in the production of the increased value for urea nitrogen 
In a number of instances the blood chlorides and the carbon dioxide- 
combinmg power of the blood were determined and found to be normal 

The determinations of the urea nitrogen content of the blood were 
carried out in duplicate on oxalated whole blood by means of the aeration 
method of Van Slyke and Cullen The specimens were obtained imme- 
diately after admission of the patient to the hospital before the admin- 
istration of any food or fluid In frequent instances the detei minations 
were repeated once or twice daily until the urea nitrogen had returned 
to a level below 20 mg per hundred cubic centimeters and had remained 
there for several days or more Most of the specimens examined later 
than the day of admission weie obtained under fasting conditions, 
although m some instances the blood was obtained shortly after a meal 
usually breakfast It was considered unnecessary to obtain all speci- 
mens under fasting conditions because of ’the fact that single meals con- 

11 In some instances it was not clear whether the author was dealing with 
urea or urea nitrogen, as methods of determination were not given Some of the 
very high figures probably refer to values for urea which are 2 14 times those for 
urea nitrogen 

12 Case 20 was observed at the C R Holmes Hospital 

13 Schiff, L , and others Observations on Oral Administration of Citrated Blood 
in Man Effects on Blood Urea Nitrogen, Am J Digest Dis 6 S97 (Nov ) 1939 

14 Van Slyke, D D, and Cullen, G E, in Peters, J P, and Van Slyke, 
D D Quantitative Clinical Chemistry, Baltimore, Williams & Wilkins Company, 
1932, vol 2, p 547 
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taming a usual amount of protein have only a minor eflect on the 
concentration of urea m the blood (MacKay and MacKay According 
to Wu/“ the uiea nitrogen content of the blood plasma varies from 13 to 
23 mg pel hundred cubic centimeters, with an average value of 19 mg 
According to Berglund,^® the normal values for whole blood range from 
9 to 15 and for blood plasma from 10 to 17 mg per hundred cubic centi- 
meters In a gi oup of 9 conti ols, from whom blood was taken about two 
to three hours after a noon meal, we obtained values of 9 6 to 21 mg pei 
hundred cubic centimeters 

Immediately after admission to the hospital the patients were placed 
on a modified Meulengracht regimen similar to that used by Witts 
Fluids were freely administered either orally or parenterally For the 
first two days the diet consisted of frequent feedings of eggnog, milk, 
cream, toast, puieed vegetables, strained orange juice, buttei and watei 
as desired On the third day strained cereal, minced meat and baked oi 
creamed fish were added 

The list of cases is given in table 1 In cases in which it is indicated, 
the cause of hemorrhage seemed reasonably established after clinical 
study, including roentgen examination, gastroscopic examination and 
occasionally esophagoscopic examination, biopsy or necropsy It is seen 
that the value for urea nitrogen may be elevated in a variety of diseases 
producing hemoirhage from the esophagus, stomach or duodenum, as 
well as m cases of hemorrhage of undetermined cause 

A maximum value foi urea nitrogen of 30 mg per hundred cubic cen- 
timeteis of blood or more was obtained m 36 cases (table 2) The maxi- 
mum concentration was reached within twenty-four hours of the time of 
admission m most cases in which patients were seen within three days of 
the first observation of hemorrhage (table 3) 

Elevation of the urea nitrogen content of the blood occurred m the 
absence of shock (chart 1) No shock was present m 6 of 15 cases in 
which the maximum concentiation was 50 mg per hundred cubic centi- 
meters or higher, m 12 of 24 cases piesenting a maximum value of 40 
mg or more, and m 22 of 36 cases with a level of 30 mg or more It 
should be noted, nevertheless, that shock was relatively more frequent m 
the cases in which the degree of nitrogen elevation was higher, as the fig- 
ures just cited indicate The criteria of shock were a systolic blood pres- 
sure of 90 mm of mercury or less, tachycaidia, sweating and pallor 
As the level of urea mtiogen m the blood was frequently observed to 
rise during hospitalization in the presence of adequate administration of 
fluid it IS believed that dehydration can be excluded as an essential fac- 

15 MacKay, E M, and MacKay, L L Concentration of Urea in the Blood 
of Normal Individuals, J Clin Investigation 4 295-306, 1927 

16 Cited by Peters, J P , and Van Slyke, D D Quantitative Clinical Chem- 
istry, Baltimore, Williams & Wilkins Company, 1931, vol 1, p 267 

17 Witts, L J Haematemesis and Melaena, Brit M J 1 847-852, 1937 
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aneurysmf 

3 

0 

19 

SO 

14 

39 

31 

P 

Undetermined 

1 

0 

25 

68 

29 

40 

52 

M 

Undetermined 

1 

+ 

09 

35 

40 

41 

77 

M 

Undetermined 

1 

++ 

33 

90 

36 

42 

42 

M 

Undetermined 

9 

0 

38 

13 0 

40 

43 

62 

M 

Undetermined 

3 

+ 

10 

46 

43 

44 

29 

M 

Undetermined 

2 

0 

08 

40 

37 

45 

65 

P 

Undetermined 

8 

0 

22 

60 

15 

46 

52 

M 

Undetermined 

1 

0 

34 

12 0 

38 

47 

53 

M 

Undetermined 

3 

+ 

1 1 

48 

66 

48 

36 

M 

Undetermined 

4 

+ 

1 7 

52 

23 

49 

50 

M 

Undetermined 

1 

+ 

21 

0 5 

65 

50 

65 

P 

Undetermined 

1 

+ 

1 1 

36 

60 

51 

24 

P 

Undetermined 

2 

0 

2 

8 2 

23 

52 

79 

M 

Undeterminedf 

1 

0 

32 

84 

75 

53 

57 

M 

Undetermined 

1 

0 

1 5 

60 

29 


* The patients In cases 7 and 46 were readmitted to tbe hospital Data on their cases 
after the second admission are given under the headings of cases 8 and 47 respectively 
t Necropsy performed 
f Operation performed 

§ Chronic nephritis, necropsy seven months later 
•• Bacterial endocarditis 
tt Died— no autopsy performed 
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tor in its increase Two examples are given in chart 2 As the patients 
were adequately fed, the same would hold true for starvation 

Theie was no direct relation between the age of the patients and the 
degree of elevation of the urea content of the blood (chart 3) 

A constant relation was not found between the concentiation of urea 
nitrogen and the red blood cell counts Some relation, however, is 
suggested between very high concentrations of urea and veiy low red 
cell counts, as in 5 of the 6 cases in which the value for urea nitrogen 
was 90 mg oi more per hundred cubic centimeters the red cell count 
was 1,300,000 or less (chart 4) 

Table 2 — Maximum Value for Blood Uiea NtUogen m Fifty-Three Cases of 

Hematemesis ot Helena 


Blood Urea Nitrogen, 

Number of 

Blood Urea Nitrogen, 

Number of 

Mg /lOO Cc 

Oases 

Mg /lOO Cc 

Oases 

100 and above 

5 

40 49 

8 

70 99 

2 

30 39 

13 

60 69 

3 

Below 30 

17 

50 59 

5 




Table 3 — Day of Maximum Elevation of the Value foi Uiea in the Blood of 
Patients Admitted to the Hospital Within Three Days of First Obser- 
vation of Hemoi i hage ' 


Maxmium Blood Urea Nitrogen 
(With reference to day after hemorrhage) 

/ * * 

1st Day 2d Day 3d Day 4th Day 

Admitted day of hemorrhage (21) 13 7 1 

Admitted 2d day after hemorrhage (7) 2 2 3 

Admitted 3d day after hemorrhage (4) 3 1 


* The concentration of urea in the blood at the time of admission to the hospital was 
SO mg or more per hundred cubic centimeters 

Repeated determinations of the value for uiea were made in the 
cases of 12 patients who recovered without signs of a second hemor- 
rhage (chart 5) The lapidity with which the blood urea nitrogen 
may rise after hematemesis is illustrated by case 10 In this case the 
first hemorrhage occurred during hospitalization, the value for urea 
nitrogen rising from 21 mg per hundred cubic centimeters twelve hours 
prior to the hematemesis to 40 mg per hundred cubic centimeters five 
hours after the hemorrhage In 6 cases in which the initial determina- 
tion was made within the first twenty-four hours of bleeding, there 
was a rathei sharp drop within the next twenty-four hours , in 4 there 
was a rise during the next twenty-four hours followed by a decrease 
Whether this secondary rise was due to continued bleeding after admis- 
sion to the hospital is not known 







lOO^dboue 10 11 LO LI iO i1 40 4l JO 39 below 50 % 

m -piibents in shocH 
O - fDatienis not in shock 

Chart 1 — Relation of shock to the maximum value for blood urea nitrogen 
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In 5 cases, ni which the patients subsequently recovered, further 
bleeding occurred during observation in the hospital (chart 6), as 
manifested by hematemesis or by an episode of shock followed by the 

urea n 

("S’ 7c.) 

120 


100 


80 


LO 


40 


20 


2 0 M ^0 so 

Chart 4 — Maximum values for urea nitrogen in the blood and coexistent red 
blood cell count 


Ured M 
ing 



Chart 5 — Repeated determinations of the value for blood urea nitrogen in 12 
cases of single hemorrhage followed by recovery 

passage of tarry stools In 3 of these (cases 4, 43 and 50) theie was 
a prompt rise in the urea nitiogen content of the blood followed by a 
rathei prompt drop to normal by the third day after hemorrhage In 
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case 17 the urea nitrogen, instead of dropping, remained at almost a 
constant level for one week, during which theie were two episodes of 
bleeding (There may^have been additional occult hemoirhage ) In 
case 26 the value for urea nitrogen sixteen hours after the first hema- 
temesis was 40 mg per hundred cubic centimeters of blood Five hours 
later a second hematemesis occurred Three hours after this the value 
for urea nitrogen was 64 mg per hundred cubic centimeteis of blood, 
but it is likely that this increase was an aftermath of the first hemor- 
rhage It should be added that the urea nitiogen was elevated prior 
to the actual appearance of blood in cases 43 and 50, which suggests 

{/red N 



Chart 6 — Repeated determinations of the value for blood urea nitrogen in 5 
cases of additional nonfatal hemorrhage after admission to the hospital 

that determination of the value should prove helpful in the eaily detec- 
tion of gastrointestinal hemorrhage 

In 8 of the cases in which death occuired opportunity was aftoided 
us to determine the concentiation of urea nitiogen in the blood within 
the first three days of hemorrhage The curves for 7 of the patients 
are shown in chart 7, the eighth having been excluded because death 
was due to postoperative pneumonia a month after admission The 
highest values were obtained in 4 cases (cases 6, 32, 34 and 52) , in 
all of these there was repeated hemoiihage, and varying amounts of 
blood were found in the gastrointestinal tract in the 3 in which autopsy 
was done In case 2 there was also repeated hematemesis, yet the urea 
nitrogen content of the blood, though model ately elevated, decreased 
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somewhat before death, which occuired thirty-five hours after admission 
In case 38, in which bleeding was due to an aortic aneurysm rupturing 
into the esophagus, a small hematemesis occurred two days before admis- 
sion and was followed by profuse hematemesis on the day of admission 
as well as at the time of death, twenty-four hours later There was 
practically no old blood in the intestinal tract, which suggested that 
almost all the blood lost the day before death had been vomited In case 
33, in which there was no bleeding after hospitalization, the urea nitrogen 

Urea M 



Chart 7 — Repeated blood urea nitrogen determinations in 7 cases of fatal hema- 
temesis and melena 

curve resembled that seen in the cases of nonfatal single hemorrhage 
Death m this case was probably due to hepatic insufficiency 

There was a definite relation between mortality and the degree of 
elevation of the value for urea nitrogen (table 4) If one excludes 
those cases in which the primaiy disease, rather than the hemorrhage 
it produced, was the cause of death (cases 28, 30, 35, 36 and 38), one 
finds a fatal outcome in 4 of 5 cases m which there was a value of 
100 mg or more, m 5 of 9 cases in which the value was 60 mg or 
more and in no case in which there was a normal concentration 




1250 


ARCHIVES OF INTERNAL MEDICINE 


It IS believed by many that age is the most important single prog- 
nostic factor in cases of hematemesis or melena, the mortality of 
patients over 50 years old being much higher than that of patients 
below this limit It is of interest, therefoie, to note that in spite of 
Its relation to mortality, there was no direct relation between the con- 
centration of urea in the blood and the age of the patients, as has been 
indicated 

In view of its relation to mortality, we have, like Witts,^^ come to 
consider the level of urea nitrogen in the blood as a criterion for blood 
transfusion and have recently made it a lule to give tiansfusions in 
any case m which the value for urea nitrogen after admission rises to 
50 mg or more per hundred cubic centimeters of blood This rule was 
followed 111 9 cases, 6 of the patients recovered Two of the 3 who 
died had hepatic cirrhosis 


Table 4 — Maximum Values for Blood Urea Nilrogen and Mojlahiy from Hcmoi- 
ihage in Cases of Hematemesis ot Melena (48 Cases'^) 


Blood Urea Nitrogen, 

Number of 

Number of 

Blood Urea Nitrogen, Number of 

Number of 

Mg /lOO Cc 

Oases 

Deaths 

Mg /lOO Ce Cases 

Deaths 

100 and above 

5 

4 

40 49 S 

1 

70 99 

1 

1 

80-30 13 

0 

60 09 

3 

0 

Below SO 14 

0 

60 59 

i 

1 




* Cases 28, 30, 35, 30 and 38 haie been excluded because ot the Influence of the pnmnrj 
disease on mortality 


In 17 of the 53 cases the concentration of uiea nitrogen in the 
blood was less than 30 mg per hundred cubic centimetei s These cases, 
therefore, merit separate consideration In 9 instances (cases 8, 16, 
18, 30, 31, 36, 45, 48 and 51) the first determination ^\as made on the 
fourth day after the hemoiihage or even latei, so that a previous ele- 
vation may well have been missed In 2 cases (39 and 53) the con- 
centration of urea nitrogen might have been considered elevated, since 
the values in both were 29 mg per hundred cubic centimeters In 2 
other cases (12 and 20) the blood might have been swept through the 
intestinal tract too rapidly to permit adequate absoiption of its decom- 
position products, a result of a laxative talcen at the time of hematemesis 
In 1 instance (case 38), the case of ruptured aneur 3 ''sm, theie was no 
old blood in the intestinal tiact In 3 cases (7, 11 and 27) theie was 
no explanation foi the absence of a definite inciease 

SUMMARY AND CONCLUSIONS 

The urea nitrogen content of the blood is frequently elevated after 
hematemesis and melena, and the degree of elevation in such instances 
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IS of definite prognostic significance In cases in which there aie a 
single hemorrhage and subsequent recovery this increase is geneially 
maximal within twenty-four hours (occasionally within foity-eight 
hours) and is followed by a sharp drop to normal by the third day 
after bleeding In cases m which there is a second (nonfatal) hemoi- 
rhage there is a secondary increase within twenty-foui hours, with a 
drop to noimal by the third day In cases m which repeated hemor- 
rhages occur and ultimately prove fatal theie is an increasingly oi 
persistently high level of urea nitrogen in the blood 

The elevation of the value foi urea nitrogen m the blood following 
hematemesis and melena may occur independently of shock, staivation, 
dehydration or lenal insufficiency It is not directly related to the age 
of the patient or to the red blood cell count 

The urea nitrogen content of the blood should be lepeatedly esti- 
mated in all cases of hematemesis or melena because of its piognostic 
significance Its value m prognosis should, in turn, make it an aid to 
therapeutic management 

Dr Sander Goodman gave clinical assistance with this work The translation 
of Sangumetti’s communications was made by Dr Louise Cockrell 



INTERCAPILLARY GLOMERULOSCLEROSIS 

A SYNDROME OF DIABETES, HYPERTENSION AND ALBUMINURIA 
ROBERT A NEWBURGER, M D 

AND 

JOHN P PETERS, MD 

NEW HATCN, CONN 

In 1936, Kiminelstiel and Wilson ^ reported the pathologic observa- 
tions in a group of 8 cases of a peculiar renal lesion to which they gave 
the name intercapillary glomei ulosclerosis On leviewing the clinical 
records of the cases they found that the observations fell into a fairly 
veil defined S3nnptom complex, consisting of diabetes, albuminuria, 
hypertension, letinal vascular changes, a more or less veil developed 
nephrotic syndrome and some degiee of renal insufficiency Anson,-’ in 
1938, published a study of the kidne)’'s m the last 900 autopsies at the 
Hospital of the Medical College of Viigmia, he obseived 6 cases vhich 
satisfied the pathologic ciitena proposed b}’- ICimmelstiel and Wilson 
Clinically the same features v'ere present as in those of the lattei 
vorkers, except that the nephrotic syndiome vas present in only 2 
instances Neither of these groups of cases vas completely studied 
medically, since a numbei of the patients v ere admitted to the surgical 
waids and otheis were moribund at the time of admission 

Similar cases have impressed us fiom the clinical standpoint as 
instances of peculiarly widespread degenerative \ascular disease In 4 
such cases autopsy was performed, the 4 cases aie reported in detail 
in this papei These and 5 othei cases, m which the piesence of the 
lesions of intercapillary glomerulosclerosis was clinically suspected, are 
analyzed in succeeding paiagraphs Table 1 shovs the frequency of the 
various featuies of the syndrome in our pioved cases and in those of 
the authois cited 

REPORT or CASES 

Case 1 — J F, a 64 year old Ameiican housewife, vas admitted to the surgical 
service Oct IS, 1936 and discharged Noi ember 12 An adenocarcinoma of the 

* Emanuel Libman Fellow 

From the Department of Internal Medicine, Yale University School of 
Medicine, and the Medical Service of the New Haven Hospital 

1 Kimmelstiel, P , and Wilson, C Intercapillary Lesions in the Glomeruli 
of the Kidney, Am J Path 12 83-98 (Jan ) 1936 

2 Anson, L J Intercapillary Glomerulosclerosis, South M J 31 1272-1275 
(Dec) 1938 
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right breast was found, and radical mastectomy was performed The l>mph nodes 
were not involved Diabetes had been discovered fifteen jears previously and 
had been controlled by means of diet, insulin being required for only a few weeks 
postoperatively The systolic blood pressure ranged between 220 and 180, with 
the diastolic at 100 There was attenuation of the retinal vessels, and one small 
round hemorrhage was seen in the left retina The heart was moderately enlarged 
to the left There was no evidence of cardiac failure and no edema The hemo- 
globin w^as 91 per cent There were 4,200,000 erythrocytes per cubic millimeter 
of blood Examination of the urine showed specific gravity, 1 033 , albumin, 
3 plus, and sugar, complete reduction The sediment contained occasional pus 
cells The nonprotein nitrogen content of the blood was 24 mg per hundred 
cubic centimeters Roentgen examination of the chest revealed an enlarged left 
ventricle The phenolsulfonphthalein excretion was 58 per cent in two hours 

Table 1 — Frequency of Various Symptoms 


All Senes 
(18 Oases) 
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Symptoms 
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P4 

Diabetes 

17 

17 

100 

Albuminuria 

17 

17 

100 

Retinal changes 

8 

8 

100 

Hypertension 

17 

15 

88 

Edema 

18 

15 

83 

NPN retention 

14 

11 

79 

Hyposthenuria «1 020) 

11 

7 

64 

Hypoalbuminemia «2 9%) 

6 

4 

67 

Heart failure 

18 

6 

S3 

Anemia 

4 

1 

25 


Present Group 
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w 
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« 

PW 
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7 
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6 
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4 

4 

100 

7 

7 

100 

6 

6 

100 

4 

4 

100 

1 

1 

100 

3 

3 

100 

4 

4 

100 

7 

6 

86 

6 

5* 

83 

4 

4 

100 
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7 

88 

6 

4 

67 

4 

3 

75 

6 

5 

83 

4 

3 

75 

4 

3 

75 

5 

3t 

60 

3 

2f 

67 

3 

9 

67 

0 

0 


2 

1 

50 

4 

3§ 

75 

8 

4 

60 

6 

1 

13 

4 

1 

25 

0 

0 


0 

0 


4 

1 

25 


* The exception was a patient admitted m shod, who never recovered 
t It Is not stated whether sugar was present in concentration test specimens Other 
patients, therefore, may also have had hyposthenuria 

§ Proteins not studied within a year of death in the third case 


The patient was readmitted to the hospital on Dec 28, 1937 She had been 
treated in the outpatient department for gradually increasing edema which did 
not respond to digitalization and responded only temporaril)' to mercurial diuretics, 
ammonium chloride and urea Despite a high protein diet the blood proteins 
fell from 5 15 per cent on May 6 to 4 68 per cent on admission 

Physical Examination — The patient was chronically ill and wasted She was 
moderately dyspneic but not orthopneic or cyanotic No venous engorgement was 
noted There was massive edema of the lower extremities and of the right arm 
Blurring of the margins of the disks, retinal edema and narrowing and tortuosity 
of the vessels were present, as were many old and recent hemorrhages, some round 
and dark, others flame shaped and brighter red The heart was enlarged to the 
left The systolic blood pressure was 230 to 200, and the diastolic, 100 There 
was evidence of bilateral hydrothorax and of moderate ascites The edge of the 
liver was palpated 2 to 4 cm below the costal margin 

Laboraioiy Evammaiwn — The hemoglobin was 77 per cent There were 
4,310,000 erythrocytes per cubic millimeter Urinal) sis showed specific gravity. 
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1024, albumin, 4 plus, and sugar, 0 The sediment contained occasional pus 
cells The total protein content of the urine (Kjeldahl) was 13 2 Gm per liter 
The nonprotem nitrogen content of the blood was 47 and the sugar content (fast- 
ing) 135 mg per hundred cubic centimeters 

Clinical Cowse — The aforementioned diuretics were tried again, and thoracen- 
tesis was repeatedly performed, but no improvement occurred Transfusions were 
given and a high protein diet was offered The diet was not well taken by the 
patient, especially m the last four weeks, when anorexia was marked The level 
of serum proteins fell to 3 06 per cent (albumin 1 23 , globulin 1 70) The patient died 
of bronchopneumonia on March 16, 1938 One week before death the value for 
nonprotem nitrogen was only 48 mg per hundred cubic centimeters of blood, and 
no uremic symptoms were present 

Ncciopsy — The right kidney weighed 200 Gm and the left 190 Gm The 
thin, translucent capsule stripped with case, the surface showing numerous small 
indentations The cut surface shoved thinning of the cortex with poor demarca- 
tion from the medulla The pelvis and the ureter were not abnormal 

Microscopically, the fibrous capsule was thickened and moderately infiltrated b\ 
small round cells and plasma cells Some glomeruli were complctel}' hj'alinizcd , 
practically all the others contained deposits of pink-staimng hj aline material 
between the capillary loops In many places this was seen to extend from the 
respective vas afferens or efferens m which the wall was h\alinized Where 
the changes were most marked, the glomeruli consisted entirely of such Inalimzed 
loops The Bow'man capsules w'ere thickened in many places, witn deposits 
of the same material, apparenth, in layers beneath the epithelium Adhesions 
between the hyalinized loops and the capsule were occasionalh seen The arteriolar 
walls were thickened, and in places the lumens were extrcmelj narrow 

The pancreas and liver w'ere not remarkable Focal pneumonia w-as present 
There was generalized arteriosclerosis 

Case 2 — L, a 56 year old Italian laborer, was first obscried in the out- 
patient department on Jan 18, 1928 He had diabetes knowm to be of two gears’ 
duration, w^hich was poorly regulated He complained that he had suffered from 
epigastric fulness and rare vomiting for an indefinite number of jears The 
systolic blood pressure was 160 and the diastolic 94 The radial arteries were 
thickened, and the achilles reflexes were absent The urine contained a ^er> slight 
trace of albumin and completely reduced Benedict’s solution The patient w^as 
advised to enter the hospital for studv and regulation of the diabetes, but he 
did not return 

He w'as admitted to the hospital six years later Since 1930 he had been treated 
for diabetes by a private physician, who placed him on a diet and prescribed 
10 units of insulin twice a day His weight had been maintained at 135 pounds 
(61 Kg ), but he complained of a return of epigastric discomfort for six months 
During the two weeks prior to admission, vomiting had been frequent, and gastro- 
intestinal roentgen series revealed marked pyloric obstruction The sistohc blood 
pressure W'as 170 and the diastolic 110 Many yellowush exudates were present 
in the ocular fundi, with increased light reflex of the vessels The urine con- 
tained albumin (1 plus) but no cells or casts The Kahn test of the serum gave 
a negative reaction The nonprotem nitrogen content of the blood was 39 mg 
per hundred cubic centimeters, the serum chlorides 96 8 milhequivalents per liter 
and the carbon dioxide content 74 8 volumes per cent The value for total pro 
tein w'as 5 90 per cent (albumin 3 98, globulin 1 92), and that for serum cholestero’ 
w'as 159 mg per hundred cubic centimeters 
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A partial gastrectomy was performed, after which the patient made an une\ent- 
ful recovery The surgical specimen showed a chronic peptic ulcer The patient 
was discharged m good condition on Feb 24, 1934 

He was readmitted to the hospital on Nov 11, 1938 In another institution, 
where he spent five months m 1937 after a hemoptysis, tubercle bacilli had been 
found in the sputum He made a good recovery and was discharged with a 
diagnosis of arrested pulmonary tuberculosis During the summer and fall 
of 1938 he suffered repeated infections of the upper respiratory tract and 
increasing edema, which was only temporarily lessened by the administration of 
digitalis and urea 

Physical Examination — The patient was wizened and chronically ill He was 
lying flat in bed without dyspnea There was considerable soft edema of all the 
extremities, the sacrum and the abdominal wall The temperature, pulse rate 
and respiratory rate were normal The blood pressure was 236 sjstohc and 124 
diastolic Examination of the fundi revealed normal disks, thinned, tortuous 
vessels with arteriovenous compression and numerous large and small yellowish 
exudates One small sphnter-like hemorrhage was present The veins of the 
neck were not engorged The lungs were hyperresonant except for dulness over 
the right base posteriorly A few rales were heard at both bases The heart 
was moderately enlarged to the left The second aortic sound was tambour-like and 
split The edge of the liver could be palpated just below the right costal margin 
The prostate was diffusely enlarged to about twice the normal size There was 
evidence of extensive peripheral neuronopathy in the lower extremities 

Labo) atoi y Examination — ^The hemoglobin was 78 per cent There were 
4,150,000 erythrocytes per cubic millimeter Urinalysis showed specific gravity, 
1 010 to 1 016 , albumin, 2 to 4 plus, and sugar, 0 to 2 plus The sediment contained 
rare red blood cells and occasional hyaline and granular casts The phenol- 
sulfonphthalein excretion was 13 per cent in two hours Analysis of the gastric 
contents revealed no free hydrochloric acid The congo red test for am3doid 
disease gave a negative result The circulation time (dehydrochloric acid, arm to 
tongue) was 18 5 seconds The results of chemical examination of the blood are 
shown in table 2 

Clinical Comse — The patient was given a diet high in protein and free from 
salt On a regimen of complete rest in bed, digitalis and urea solution, a prompt 
diuresis occurred He lost altogether 15 pounds (6 8 Kg ) m body weight, and 
cleared up practically all of the edema The nonprotein nitrogen content of the 
blood rose to 129 mg per hundred cubic centimeters during administration of 
urea and though the level fell somewhat on withdrawal of the drug, it sub- 
sequently mounted again The values for blood chlorides were high throughout, 
even when 20 Gm of sodium bicarbonate was given daily for a period General 
weakness became marked Intercurrent bronchopneumonia further debilitated 
the patient In his final week of life, frequent vomiting necessitated parenteral 
administration of fluid, by which an effort was made to maintain the electrolytes 
of the blood at the normal levels The patient died in uremia on Jan 28, 1939 

Necropsy — The right kidney weighed 155 Gm and the left 145 Gm The 
capsule of each was translucent and streaked by dilated capillaries The capsule 
stripped with some difficulty, leaving a finely granular surface, yellow-pink and 
slightly pockmarked On section the kidney had a waxy, pale appearance The 
cortex was thin, being no more than 5 to 6 mm in maximum width The linear 
cortical markings were almost obliterated, being replaced by irregular pink streaks 
and dots The pelvis and ureter appeared normal 
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Microscopically, the entire cortex was diffusely scarred by an increase in fibrous 

tissue Practically all the glomeruli had undergone variable degrees of hyaline 

change Some were completely hyahnized, others contained deposits of glassy, 

homogeneous pink hyaline material in smaller amounts, and this lay between the 

capillary loops The more severely affected glomeruli had deposits of hjahn in 

the thickened outer cell layer of Bowman’s capsule as well The afferent arterioles 

in many instances possessed thickened and h}alinized walls with varying degrees 

of reduction in the calibeis of their lumens In geneial, there was thickening of 

»• 

the intima and media with encioachment on the lumens of the smaller arteries 
Many of the tubules were collapsed, with patchy infiltrations of lymphocites about 


Table 2 — Blood C/ici«ntiy (Case 2) 
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them Some tubules were merely dilated, while in others there was evidence of 
cellular degeneration 

Generalized arterial and arteriolar sclerosis was present, with the most marked 
changes m the coronary and renal vessels There was evidence of both old and 
recent cardiac infarctions There was some focal pneumonia With the exception 
of a moderate degree of hyalinization of the islets of Langerhans, neither the 
pancreas nor the liver was remarkable 

Case 3 — S D , a 69 year old American housewife, was first seen in the 
outpatient department in 1929, at which time diabetes was discoi ered and controlled 
by diet alone 

The first period of hospitalization was from May 10 to June 6, 1934 The patient 
complained of an ulcer on the right heel, of five months’ duration In addition 
to the local lesion, findings of note included a blood pressure of ISO sistohc and 
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85 diastolic and sclerosis of the arteries of the retinas and extremities The Kahn 
test for syphilis gave a negative result, there was no anemia, and the urine was 
free of albumin and formed elements 

The second period of hospitalization was from Oct 20, 1936 to Feb 18, 1937 
Polyuria had been pronounced for three months, and several ulcers had appeared 
on the right foot m the previous three weeks The blood pressure at this time 
was 195 systolic and 70 diastolic The heart was moderately enlarged to the 
left Pulsations were not felt in the arteries of the lower extremities Examina- 
tion of the urine showed specific gravity, 1 014 (maximum) , albumin, 2 plus, 
and sugar, 0 The sediment contained from 0 to 50 pus cells , culture yielded a 
growth of Bacillus coh The nonprotein nitrogen content of the blood was 32 
mg per hundred cubic centimetei s The value for serum protein was 5 57 per 
cent (albumin 3 17 , globulin 2 50) The ulcers healed very slowly The amount 
of insulin required varied greatl 3 ' Occasional normal blood pressure readings 
were obtained 

The final admission was on Aug 19, 1938 For the previous four months 
the patient had suffered from a slowly enlarging painful ulceration on the right 
fourth toe For several weeks a crack m the thickened skin of the right great 
toe had been oozing and occasionally bleeding During the previous winter she 
had had several attacks of weakness resulting in falls without loss of conscious- 
ness and with full recovery in a day or less on each occasion For eighteen 
months increasing dependent edema was noted, largely clearing on rest in bed, 
and she also complained of diminishing vision, with “spots before the eyes ” 

Physical Examination — The patient was well preserved She was without 
dyspnea or other complaint except local pain in the foot The fundi showed 
thinning and tortuosity of the arteries and rare deep hemorrhages No exudates 
or blurring was noted The systolic blood piessure was 205 and the diastolic 
100 The heart was slightly enlarged to the left, with accentuation of the aortic 
second sound A few rales were heard at the base of the right lung after cough 
There was evidence of pulmonary emphysema The edge of the liver was palpated 
2 cm below the right costal margin The extremities were cool, and there 
was moderate edema of both legs and feet Infected ulcers were present on the 
right foot, with beginning wet gangrene Arterial pulsations could not be felt 
m the legs 

Laboiatoiy Evammation — The hemoglobin was 95 per cent There were 
5,150,000 erythrocytes per cubic millimeter Urinalysis showed specific gravity, 
1 012 , albumin, 3 plus, and sugar, 0 The sediment contained 0 to 20 pus cells per 
high power field The blood sugar was 165 and the nonprotein nitrogen 37 mg 
per hundred cubic centimeters The serum proteins were not studied 

Clinical Cowse — The spread of gangrene and the presence of cellulitis and 
osteomyelitis of the toes necessitated midthigh amputation Infection of the 
stump became uncontrollable, and the patient died Oct 2, 1938 

Necropsy — The right kidney weighed 130 Gm and the left 115 Gm The 
capsule was thin, stripping readily and revealing a slightly roughened, granular 
red-brown surface The cut surface was gray-brown The cortex was definitely 
narrowed, and the normal striations were dimly seen The pelvis, calices and 
ureter were not abnormal 

Microscopic study revealed a thickened capsule with a moderate amount of 
round cell infiltration Some glomeruli were completely hyalmized Others con- 
tained a considerable quantity of pink-staming hyaline material replacing the 
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capillary loops This material was also seen in the walls of the vasa afferentia 
and efferentia Some glomeruli contained deposits of pmk-staining hyalin between 
the capillaries The smaller arteries were definitely thickened 

The pancreas and liver contained no notable lesions There were a number 
of old and recent coronary occlusions with mjocardial infarcts The amputation 
wound was suppurative Generalized arteriosclerosis was present 

Case 4 — M C, a 57 year old German housewife, was admitted to the hospital 
in February 1927, complaining of weakness of nine weeks’ duration, for which 
she had consulted a physician, who discovered glycosuria and hypertension 
Polydipsia had been present for two years, with slight poljuria and no nocturia 
For the same period the patient had noted occasional numbness of the palms 
of both hands Except for cough accompanjing infrequent infections of the 
respiratory tract the past history and famil}' history were not contributorj 
Physical Evammahon — The patient was flushed She was in no distress, lying 
flat in bed without dyspnea The temperature was 100 8 F , but the pulse rate 
and respirator}’- rate were normal Slight blurring of the disks and moderate 
arteriosclerotic retinal changes were present The tonsils were large, with some 
plugs of exudate in their cr}pts A few rales and bronchovcsicular breath sounds 
were heard over the region of the upper lobe of the right lung The bases were 
clear The heart was enlarged to the left, w'lth regular rh}thm and no murmurs 
The systolic blood pressure varied from 210 to 154 and the diastolic from 120 
to 90 There was no edema The ankle jerks were not obtained 

Labor alary Eiaintitalton — The hemoglobin was 80 per cent There were 

5.200.000 erythrocytes per cubic millimeter Examination of urine showed specific 
gravity, 1016 (maximum), albumin, 3 plus, sugar, 3 plus, and acetone, 0 The 
sediment contained an occasional hyaline cast The Wassermann reaction w’as 
negative The sugar content of the blood was 177 and the nonprotcin nitrogen 
content 30 mg per hundred cubic centimeters 

Clinical Coinse — The diabetes w’as casih controlled b} diet, with the addition 
for the first few days of 10 units of insulin The thoracic signs persisted but 
never became more marked than on admission The patient was afebrile except 
for a few days and was discharged after three w’ceks, much improved subjectnclv 
and W'lth a gradual fall m the blood pressure to 152 svstohe and 88 diastolic 

The second admission was m Januarr 1932 In the inter\enmg five }ears the 
vision had gradually failed For two jears the patient had gradually lost w'eight 
and strength, without definite symptoms Eight w’ceks prior to admission there 
suddenly developed a productive cough and pain m the right side of the chest, 
and the patient vomited frequently There was no fe\er Glvcosuria and diabetic 
symptoms were absent There w’as almost continuous diarrhea, w'lth six to ten 
W’atery stools daily throughout this period Epigastric soreness W'as present for 
tw’O days 

Physical Examination — The patient was cachectic, dehydrated and pallid The 
respirations were shallow but not rapid Ihe temperature w'as 97 F and the 
pulse rate 90 The tongue was reddened and smooth The pulmonary signs 
were those of extensive bilateral pneumonic involvement The edge of the Iner 
was firm and extended 3 cm below the costal margin Slight edema of the legs 
was noted There were bilateral incipient cataracts, obscuring the fundi , on the 
left, however, a large organized hemorrhage could be seen 

Laboiatoiy Evammotion — The hemoglobin was 53 per cent There w’ere 

3.200.000 erythrocytes and 5,700 leukocytes per cubic millimeter The blood smear 
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gave evidence of hypochromic anemia Examination of the urine showed albumin 
4 plus and sugar 0 Examination of the sediment^ gave negative results The 
sugar content of the blood was 129 and the nonprotein nitrogen content 58 mg 
per hundred cubic centimeters The total protein content of the serum was 4 94 
per cent (albumin 2 34 , globulin 2 60) The sputum contained many acid-fast 
bacilli Roentgenograms of the lungs revealed extensive tuberculous infiltration, 
with a cavity in the upper lobe of the right lung 

Chmcal Cowse — The diarihea responded to administration of camphorated 
tincture of opium U S P Dehydration was combated by parenteral administra- 
tion of fluids Marked generalized edema promptly developed, persisting to the 
time of the patient’s death in stupor three weeks after admission 

Ncciopsy — Each kidney weighed 125 Gm The capsule stripped with difficulty 
and revealed a granular yellow-brown surface The cortex was of usual thick- 
ness and was yellow-brown as contrasted with the grayish medulla The vessels 
stood out in cut section and were narrowed A thrombus almost occluded the 
left renal vein The pelvis and ureter were normal 

On microscopic examination the capsule was seen to be slightly thickened A 
large number of glomeruli were seen to be composed of groups of hyaline deposits 
Others contained only two or three capillary loops embedded in hyaline mtercapillary 
material, while many other glomeruli had a few deposits of this material between 
the capillaries The arterioles were moderately thickened A small amount of 
amyloid was seen in a few glomeruli It had not the distribution of the hyaline 
material described 

The pancreas was not unusual The liver contained a few tubercles There was 
extensive pulmonary and intestinal tuberculosis Acute vegetative endocarditis 
was present on the aortic valve There was a considerable degree of generalized 
arteriosclerosis 

PATHOLOGIC PICTURE 

The kidneys m all 4 cases showed the typical lesions described by 
Kimmelstiel and Wilson ^ Special staining methods were not applied to 
the sections except such as were necessary to disclose amyloid deposits 
Many glomeruli m each case® were hyalimzed completely (fig 1) or in 
part, with the hyalin confined to the centers of the glomeruli or of the 
individual lobules (fig 2) In this condition the number of capillaries 
of the involved glomei uli is apparently reduced , often but a ring of open 
capillaiies surrounds the hyaline mass, which consists of a broadening 
of the mtercapillary connective tissue, best seen at the hilus A high 
degiee of arteriosclei osis with fatty degeneration of the arterioles is 
present, m many cases overshadowing the specific lesions The hyaline 
degeneration may be seen m some cases to extend from the vasa affer- 
entia into the mtraglomerular mass The capillary walls aie thickened 
Those at the center seem to merge with the hyalme mass and collapse, 
their nuclei becoming embedded in the mass They are seen to be in 
vaiious stages of necrobiosis and may assume an onion peel arrange- 
ment about the cential hyalin The capsular changes consist of deposits 

3 Except in case 2, in which fewer lesions were seen Extensive vascular 
changes in the kidneys in this case masked the picture to some extent 
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of hyaline material and lipoid beneath the epithelium Kimmelstiel and 
Wilson have demonstrated by stains of the basement membrane that 
these deposits are laid do^\n between the basement membrane and the 
epithelium Tubular changes were inconstant, consisting mainly of fat 
deposits in the tubular epithelium Nephrosclerotic changes veie con- 
stantly present 

Kimmelstiel and Wilson pointed out the differences between the 
lesions described and those of mtiacapillaiy and of extracapillaiy glo- 
meiulonephritis A stage exists m both these conditions m which 
similar lesions of the intercapillaiy connective tissue are obseived How'- 
ever, m these other types of glomerular disease, the marked changes m 
the basement membrane serve as the differential point 

CLINICAL FEATURES 

The following discussion of the clinical phenomena associated ivith 
mtercapillary glomeiulo sclerosis is based on our 4 cases in which autopsy 
was done and on 5 additional cases which were characteristic clinically 
Two of the patients in the latter cases have died, but autopsies were not 
performed The others are still living at the time of this lepoit Occa- 
sionally cases from the senes collected by Kimmelstiel and Wilson ^ 
and by Anson " will be cited, but these are less useful for our purposes 
because of the sketchy natuie of the case reports 

In general, it is of considerable interest that the patients presented 
many of the features of malignant hypertension (nephrosclerosis) The 
presence of hypertensive neuroretinopathy is stated by Fishberg ^ to be 
of ominous prognostic import, most patients with this symptom dymg^ 
within a year Even arteriosclerotic changes influence the prognosis 
unfavoiably, although m diabetic persons this is of less significance 
Profuse albuminuria, marked hypertension and evidence of renal decom- 
pensation individually would shorten the expectancy of life Yet many 
patients have lived for a considerable period wnth most or all of 
these signs 

Age — One patient in Anson’s series was 35, but all the others of 
the combined groups weie over 40 at the time of onset of the diabetes, 
albuminuria, or both 

Se.x — Of our 7 patients, 5 were ivomen Nine of the 16 others 
were women 

Diabetes — This condition was piesent m all cases in the entire group 
and was not ruled out m the 1 exception m Kimmelstiel’s group, in 
which the patient died before laboratory studies could be done The 

4 Fishberg, A M Hjpertension and Nephritis, ed 4, Philadelphia, Lea & 
Febiger, 1939, p 694 
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disordei was mild, usually requiring little oi no insulin foi control except 
when an infection supeivened, in no instance did the diabetes appear to 
influence the progiess of the disease It is not unlikely that cases will 
be obseived in which the diabetes is latent oi even in which sugar 
toleiance is not deci eased Impairment of this function in patients 
with idiopathic hypei tension, especially older persons, is well known"' 
Man}'- of our patients have had hypei tension at the time of discovery 
of the diabetes One, however, who has had albuminuria and diabetes 
foi sixteen )'^eais, had a noimal blood pressure up to foui years prior 
to the time of this report 

Albtimmwia — Albummuiia is consideied an essential part of the 
S3mdiome and was present in varying degiee m all cases While it is 
usually profuse and is alwa3'-s so terminal^q 1 patient had onl3’- a slight 
degree of albuminuria up to within a year of death, at ivhich time a 
full-blovn nephiotic s3mdrome developed The eail3'' presence of 
albuminuria is of consideiable significance fiom a diagnostic standpoint 
and ma3 haA’^e a beaiing on the pathogenesis of the disease 

Retinal Changes — Ai teriosclerotic changes m the retinas were pres- 
ent in all cases , m addition, papilledema, fi esh hemorrhages and exudates 
characteristic of the malignant phase of h3'pertension Avere present in 5 
instances One patient had repeated hemorihages and exudates in the 
maculai legions, causing tiansient amauroses and progressive diminu- 
tion of Ausion Vision Avas seriousl 3 '^ impaired b 3 ’^ similai lesions m 2 
other cases Another patient, excluded from this series onl 3 '^ because 
of the piesence of a noimal A'^alue for seium albumin, also Avent on to 
blindness OAvnng to lepeated retinal hemoiihages Immature cataracts 
Avere present in 3 patients It is of considerable interest that Itypertensive 
changes, usuall3'^ consideied to be of ominous impoit, Avere present from 
tAvo to five 3'^eais m 4 of our patients avIio had these lesions 

Hypei tension — This condition A\as piesent foi var 3 ing peiiods in 
all of the cases and AAas usuall3'- of considerable duiation, being found 
on the fiist examination of all but 1 patient (the man mentioned pie- 
viousl3'', Avho had diabetes and albummuiia for sixteen yeais but h3'pei- 
tension for only four 3 "ears) In 5 cases the s 3 ’^stohc pressure exceeded 
200 mm of meicui 3 '-, m 1 it exceeded 250 The piesence of m 3 mcaidial 
fibrosis due to coionai3'' occlusion often lesults m a loAveimg of the 
blood piessure as it may have m 1 of Anson’s cases Patient M C 
(case 4) m oui senes had h 3 '^pei tension at the time of hei fiist admis- 
sion to the hospital, fiA'^e years before death, and a noimal blood pres- 
suie at a single examination in hei final Aveeks, b3'' Avhich time extensiA’^e 
disseminated tubeiculosis had deA’^elopecl 

5 Herrick, W W Hjpertension and Hi pergl} cemia, J A M A 81 
1942-1944 (Dec 8) 1923 
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Edema — Some degree of edema was present m the entire gioup and 
was well marked in 7 of the 9 cases It was inverse^ piopoitional 
to the level of serum albumin, ^^hlch m turn depended on the seieiity 
of the albuminuria and on the protein intake In case 1, o\Mng to a 
level of protein of 13 2 Gm per liter of urine, theie vas a lapidly 
falling value for serum albumin m spite of a good protein intake 

HeaM Failwe — Heait failure, when present, was mainly left sided, 
on a hypertensive basis, the heart failuie on the right side vas not 
pioportional to the degree of edema In 2 cases venous piessuie and 
circulation time from the arm to the tongue were measured and found 
to be normal or only slightly elevated Circulatory failuie vas the 
teiminal event m 1 case 

Hyposthenuria and Nitrogen Retention — These conditions weie 
commonly found in our group, concentrating ability being model ately 
impaired m all cases and maikedly so m 5, the nonprotein nitiogen 
content of the blood was elevated in all but 2 cases None of oui 
patients lived over a year with elevated values foi noiiprotein nitiogen, 
but there are too few cases in the senes to wan ant deductions as to 
the prognostic significance of nitrogen retention 

Anemia — Hypochromic, normocytic or miciocytic anemia vas pies- 
ent m 4 of the patients, all of whom had nitrogen retention The anemia, 
piesumably on a renal basis, was characteristically uniesponsive to iron 
therapy 

COMMENT 

A consideration of the clinical findings and postmoitem obsenations 
m a total of 18 cases piesenting similar featuies and a characteiistic 
lesion, together with 5 others without autopsy, seems to warrant group- 
ing them together as falling into a distinctive disease picture, of which 
the constant features are diabetes, albuminuria, hypertension and retinal 
vascular changes The nephrotic syndrome is common and depends foi 
Its development on the extent and duration of the albummuiia and the 
protein intake Fishberg,^ recognizing some of the clinical featuies of 
mtercapillary glomerulosclerosis, emphasized the latter point 

The pathogenesis of this condition appears to depend on severe and 
extensive arterial and arteiiolar degeneration, associated with and per- 
haps resulting in diabetes mellitus, hypertension and renal damage 
Differential diagnosis requires the exclusion of am)doid disease coin- 
cident with diabetes and hypertension, which raie combination might 
conceivably reproduce this syndrome Patient M C (case 4) had slight 
amyloid changes m the kidneys and spleen, not sufficiently marked to 
account for the clinical picture The nephrotic stage of chronic glo- 
merulonephritis in association with diabetes usually occurs in a younger 
age group, and the histor}^ is often characteristic In 1 case mentioned 
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by Kimmelstiel and Wilson but not included in their series, the picture 
was indistinguishable both clinically and pathologically fioin that of 
intercapillary glomeiulosclerosis, since lesions both of the lattei condi- 
tion and of glomerulonephritis weie present 

A seaich thiough the pathologic inateiial of the New Haven Hos- 
pital revealed none of the characteristic renal lesions in 170 assorted 
cases, including cases of diabetes, hypertension, arteriosclerosis and 
various types of nephiitis, with the exception of 1 case of subacute 
glonieiulonephritis in a boy aged 14 who did not have diabetes or wide- 
spread vascular disease but who bad a few suggestne intercapillary 
glomeiular lesions Special stains of the basement membiane were not 
done 

SUMMARY AND CONCLUSIONS 

A gioLip of 4 cases in which the lesions of intercapillary glomeiulo- 
sclerosis were observed at autopsy is leported in detail, and the clinical 
findings in this and in tvo pieviously repoited series are tabulated 

Five other cases m which intercapillaiy glomeiuloscleiosis was clin- 
ically suspected are analj'-zed 

The pathologic pictuie is desciibed, and the reasons foi considering 
intercapillary glomeruloscleiosis a disease entity are discussed 

Dr H Arnold ie\ie\\ed the pathologic material 
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Since Rosenbaum,^ in 1882, called attention to the depletion of 
hepatic glycogen following chloiofoim naicosis, aisenic or phosphoiiis 
poisoning and excessive administiation of morphine, there has been 
adequate confiimation of the fact that a damaged hvei contains little 
glycogen ^ Concomitant with the loss of glycogen, fatty changes appeal 
in the liver af tei exposui e to these hepatotoxic agents Rosenf eld ^ 
obseived that animals fed caibohydiate aie, in general, less susceptible 
to any drug which pioduces accumulations of fat in the hvei Fuithei- 
more, after such poisonings the feeding of dextiose aids recovery of 
the animal Since the early lepoits of Whipple and Speiry,^ Opie and 
Alford® and Giaham® on the lesistance to chloroform oi phosphorus 
poisoning of animals fed laige amounts of carbohydiate or animals 
with liveis containing laige stores of glycogen, theie have been many 

From the Department of Metabolism and Endocrinology, the Michael Reese 
Hospital 

1 Rosenbaum, F Untersuchungen uber den Kohlehydratbestand des tierschen 
Orgamsmus nach Vergiftung mit Arsenik Phosphor, Strychnin, Morphium, Chloro- 
form, Arch f exper Path u Pharmakol 15 450, 1882 

2 (a) Beddard, A P A Suggestion for Treatment in Delayed Chloroform 

Poisoning, Lancet 1 782, 1908 (b) Edie, E S , Moore, B , and Roaf, H E 

Studies on Glycosuria, Biochem J 5 325, 1911 (c) Macleod, J J R Studies 

m Experimental Glycosuria IV The Cause of the Hyperglycemia Produced by 
Asphyxia, Am J Physiol 23 278, 1908-1909 (d) Macleod, J J R, and Pearce, 
R G Studies m Experimental Glycosuria VI The Distribution of Glycogen 
over the Liver Under Various Conditions, Post-Mortem Glycogenol>sis, ibid 
27 341, 1910-1911 

3 Rosenf eld, G Fettbildung, Ergebn d Physiol 2 SO, 1903 

4 Whipple, G H , and Sperry, J A Chloroform Poisoning Liver Necrosis 
and Repair, Bull Johns Hopkins Hosp 20 278, 1909 

5 Opie, E L, and Alford, L B The Influence of Diet upon Necrosis 
Caused by Hepatic and Renal Poisons I Diet and the Hepatic Lesions of Chloro- 
form, Phosphorus or Alcohol, J Exper Med 21 1, 1915 

6 Graham, E A The Resistance of Pups to Late Chloroform Poisoning 
in Its Relation to Liver Glycogen, J Exper Med 21 185, 1915 
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similar observations ’’ The protective action of high carbohycli ate intake 
has also been noted in the prevention of hepatic damage following 
experimental ligation of the common bile duct,® operation for Eck 
fistula,® partial hepatectomy and experimental poisoning with the 
mushroom Amanita phalloides 

The various demonstrations of the life-saving action of high cai bo- 
hydrate intake on animals with experimentall}^ damaged hveis have 
been paralleled by clinical exploiations of the theiapeutic and prophy- 
lactic possibilities of administiation of dextiose to patients with diseases 
of the livei The eailier clinical work was lacking in sinking lesults 

7 (a) Althausen, T L Effects of the Administration of Glucose and 

Insulin on the GI3 cogen Content of Normal and Expenmentall> Damaged Luers, 
Ann Int Med 6 193, 1932 {b) Bollman, J L Some Experimental Observa- 
tions Pertinent to the Treatment of Hepatic Disease, ibid 12 1, 1938 (c) Davis, 

N C, and Whipple, G H The Influence of Fasting and V'arious Diets on the 
Liver Injury Effected bj Chloroform Anesthesia, Arch Int Med 23 612 (klav) 
1919 id) Moise, T F, and Smith, A H Diet and Tissue Growth I The 
Regeneration of Liver Tissue on Various Diets, J Exper Med 40 13, 1924 
ie) Williamson, C S, and Mann, F C Studies on the Ph^slolog^ of the 
Liver V The Hepatic Factor in Chloroform and Phosphorus Poisoning, Am 
J Physiol 65 267, 1923 

8 (a) Bollman, J L Experimental Observations on Glucose as a Thera- 
peutic Agent, S Clin North America 5 871, 1925 (b) Bollman, J L, and 

Mann, F C Experimentally Produced Lesions of the Lner, Ann Int kicd 
5 699, 1931 (c) Ravdin, I S Some Aspects of Carbohjdratc kletabohsm in 

Hepatic Disease, JAMA 93 1193 (Oct 19) 1929 (d) Mann, F C , Fish- 
back, F C , Gay, J G , and Green, G F Experimental Pathology of the Liver, 
Arch Path 12 787 (Nov ) 1931 

9 Hahn, M , Massen, O , Nencki, M, and Paw low, J Die Eck'she Fistel 
zw'ischen der untern Hohhene und der Pfortader und ihre Folgcn fur den Organ- 
ismus. Arch f exper Path u Pharmakol 32 161, 1893 klann and others 

10 Stone, C S , Jr Effect of Diet on Weight of Liver and Glj cogen Con- 
centration in Partially Hepatectomized Rats, Arch Surg 31 662 (Oct ) 1935 
Aloise and Smith 

11 Steinbrinck, W Ueber khnische und experimentelle Beobachtungen der 
hypoglykamischen Reaktion bei Leberparcnchymschadigungen, Klin Wciinschr 3 
1029, 1924 

12 (a) Althausen, T L Dextrose Therapv in Diseases of the Liver, 

JAMA 100 1163 (April 15) 1933 (b) Baehr, G, and Klemperer, P 

Degenerative and Diffuse Inflammatorj' Diseases of the Liver, Internat Clin 
2 107, 1929 (c) Butt, H R Common Emergencies Arising in the Course of 

Hepatic Disease, M Chn North America 22 967, 1938 (d) Jacobi, H G 

Glucose Tolerance as a Diagnostic Aid in Jaundice III Toxic Hepatitis, Am J 
Digest Dis & Nutrition 4 162, 1938 (e) Jones, C M The Treatment of Acute 
Hepatic Insufficiency and Its Relation to Prognosis, ibid 3 624, 1936 (/) Kehr, 
H Die gut und bosartigen Neubildungen der Gallenblase und der Gallengange 
unter besonderer Berucksichtigung eigener Erfahrungen, Ergebn d Chir u 
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because of general failuie to use sufficiently large amounts of cai bo- 
hydrate The recent expei imental lesults obtained by Bollman and his 
co-workeis have emphasized the therapeutic possibilities when adequate 
carbohydiate is administered^^ On the basis of Rosenbaum’s obseiva- 
tions and Rosenfeld’s theories, Beddard,^'' as early as 190S, had sug- 
gested that dextrose be used clinically in large quantities to lestore the 
depleted leserves of hepatic glycogen in cases of delayed poisoning aftei 
chloroform anesthesia In addition to administiation of dextiose by 
mouth and by lectal enemas, Beddaid advised the clinical intravenous use 
of a 6 pel cent solution It is only recently, however, that the geneial 
introduction of adequate dextrose therapy for hepatic diseases has been 
shown to produce a definite deciease in mortality In a series of cases 
in which acute hepatic insufficiency was treated with vaiying amounts 
of carbohydiate given by mouth and intravenously, Jones found that 
in a gioup of 10 cases observed from 1922 to 1925, m which the patients 
were given a diet low in fat and supposedly high in caiboh}diate, the 
moitality was 90 pei cent In only 2 instances was dextiose admin- 
isteied intravenously In the next five yeais, with diets somewhat 
highei 111 carbohydi ates (300 to 400 Gm daily) but with intravenous 
administiation of dextrose in only 4 instances, theie was 100 per cent 
mortality in 14 cases However, in the yeais 1930 to 1935, when 
dextrose therapy was vigorous, 32 patients were tieated with diets con- 
taining 400 to 500 Gm of carbohydrate daily, 26 of them leceiving 
dextrose intravenously and the moitality was loweied to 63 pei cent 
This authoi concluded “The moie intensive the glucose therapy, the 
better the prognosis ” 

This empiiic finding has its rational basis m what is now known 
conceinmg the homeostatic mechanism of the liver The wmrk of 
Mann and of Soskin has shown that the hvei is the sole souice 
of the blood sugai When the intact animal receives dextiose paien- 
teially or via the gastrointestinal tract m sufficient amounts to laise 
the concentration of dextrose m the afferent hepatic blood above a 
definite thieshold, the production of blood dextrose by the Inei is 
suppiessed This mechanism was postulated by Soskin, Allweiss and 

Orthop 8 471, 1914 (g) Snell, A M The Treatment of Liver Disease, Ann 

Int Med 12 592, 1938 (Ii) Tallqvist, T W Ueber die Beeinflussung des 
Eiweissumsatzes durch Fette und Kohleffi'drate bei einigen Leberkrankheiten, Arch 
f Hyg 65 39, 1908 Beddard Steinbrinck 

13 Bollman, J L Experimental Studies on Hepatic Alterations, Proc Staff 
Meet , Mayo Clin 11 727, 1936 , footnotes 7 b and 8 a Bollman and Alann 

14 Mann, F C The Effects of Complete and of Partial Remo\al of the 
Liver, Medicine 6 419, 1927 

15 Soskin, S Muscle Glycogen as a Source of Blood Sugar, Am J PhysioL 
81 382, 1927 
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Cohn^® fiom a considei ation of the concentration of dextrose m blood 
entering and leaving the liver during dextiose toleiance tests It was 
substantially confirmed by Tsai and Yi and latei was diiectly demon- 
stiated by Soskiii and his co-woikers/® who calculated the amount of 
sugar entering and leaving the livei with the aid of thei mostromuhr 
measuiements of blood flow It was demonstiated also^® that the 
response of the livei is not dependent on any extia sccietion of insulin 
fiom the panel eas but is dependent on the presence of an optimal amount 
of circulating insulin The deci eased supply of sugar to the blood 
by the livei duiing hypergl) cemia of exogenous oiigin is accompanied 
by an mciease in the stores of hepatic glycogen This hepatic mechanism 
foi legulatmg the level of blood sugai has been compaied to a thermostat- 
furnace combination In this analog}’^ the room temperature is equiva- 
lent to the blood sugai level and the tiieimostat- furnace coi responds to 
the Inei With a sudden mciease in the tempeiatuie of the room, the 
theimostat shuts the furnace off The diop m the room tempcratuie 
back to 1101 mal is chiefly due to the cessation of heat supply from the 
furnace, although some increase occuis m the dissipation of heat fiom 
the loom If on such an occasion one weie to follow the room tempera- 
ture closely one would see fiist a use to and a little aboie the critical 
level of the theimostat, then a fall back to the pieiioiis constant level, 
with perhaps a little swing below normal, depending on the chaiacter- 
istics of the paiticular theimostat Tins cune of use and fall is 
analogous to the noimal dextiose toleiance cuivc, when the influx of 
exogenous sugai into the blood stieam causes the hvei tcmpoiaiily to 
cut off Its supply of sugar to the blood 

There is evidence that one of the fiist eflects of hepatotoxins is to 
act as iiiitants to the gl} cogenolytic mechanism of the liver”'* To 
letuin to the analogy, the thermostat has been damaged and no longer 
leacts sensitively to its usual stimulus Greater hypciglyccmia, theie- 

16 Soskin, S , Alhveiss, M D , and Cohn, D J Influence of the Pancreas 
and the Liver upon the Dextrose Tolerance Curve, Ain J Phvsiol 109 155, 1934 

17 Tsai, C , and Yi, C L Carbohydrate Metabolism of the Liver III The 
Sugar Intake During Glucose Absorption, Chinese J PIwsiol 8 273, 1934 

18 Soskin, S , Essex, H E , Herrick, J F , and Mann, F C The Mech- 
anism of Regulation of the Blood Sugar bv the Liver, Am J Phvsiol 124 558, 
1938 

19 Soskin, S , Allweiss, M D , and Mirskjs I A (a) The Mechanism and 
Treatment of “Insulin Resistance” and Related Conditions, JAMA 108 504 
(Feb 6) 1937, (b) Interpretation of Abnormal Dextrose Tolerance Curves 
Occurring in Toxemia in Terms of Liver Function, Arch Int Med 56 927 
(Nov) 1935 

20 Althausen, T L , and Thoenes, E Influence on Carbohj drate Metabolism 
of Experimentally Induced Hepatic Changes II Phosphorus Poisoning, Arch 
Int Med 50 58 (July) 1932 Soskin and others 
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foie, IS necessaiy to suppress the supply of blood sugai and to favoi 
deposition of glycogen in an acutely damaged liver than in a noimal 
liver However, when the blood sugar is laised to a sufficiently high 
level, the damaged liver does lespond like the noimal by ceasing to 
supply blood sugar The benefit derived fiom a deciease in the sugai - 
foiming activity of the damaged liver may be regaided as equivalent 
to the favorable theiapeutic lesults obtained by limiting the actnity of 
othei damaged tissues and oigans in older to facilitate recoveiy and 
lepaii The mechanism by which the “lestmg” oi '‘splinted’’ livei is 
able to resist damage more effectively than the active oi hyperactive 
livei is still unknown The fact that many toxic substances aie excreted 
as glycui onates suggests that excessive stores of carbohydrate fa^ol 
detoxification 

It is now generally accepted that acute and chronic destructive oi 
degenerative processes of the hepatic parenchyma are best treated with 
large amounts of carbohydrate A difference of opinion exists, how- 
ever, concerning the advantages of intravenous administration of 
dextrose if the patient can take the necessaiy dextrose oi carbohydrate 
by mouth-® The necessaiy amount of carbohydrate is supplied by the 
amount of dextrose sufficient to raise the blood sugar to a level which 
will suppress the output of hepatic sugar Whereas the normal liver 
will lespond to the usual postprandial hyperglycemia, the "irritable” 
liver associated with acute toxemia may require a much higher con- 
centration of blood sugar to inhibit the foi matron of hepatic sugar That 
this IS so IS seen in the prompt response of the acutely poisoned liver 
m curtailing its output of sugar when large doses of dextrose are given 
intravenously, small doses having little or no effect®^ Furthermore, 
as Con and Coii®^ have pointed out concerning the normal liver, "the 
blood sugar concentration and not the amount of glucose administered 
must be regarded as important for the rate of glycogen deposition in 
the liver ” Consequently, when an attempt is made to protect a damaged 
liver by means of deposition of glycogen therein, the blood sugar con- 
centration may have to be raised to a level which it may be impossible 
to obtain by feeding carbohydrates In such a case intravenous infusion 

21 Soskin, S , and Mirsky, I A The Influence of Progressive Toxemic 
Liver Damage upon the Dextrose Tolerance Curve, Am J Physiol 112 649, 1935 

22 Sauer, J Die quantitative Glykuronsauerbestimmung im Harn ist eine 
Leberfunktionsprufung, Khn Wchnschr 9 2351, 1930 Bollman 

23 Althausen, T L , and Stockholm, M Deposition of Glj cogen m Normal 
and in Experimentally Damaged Livers After Oral and Intravenous Administra- 
tion of Dextrose, Am J Digest Dis & Nutrition 4 752 1938 Althausen 
Snell 

24 Con, C F , and Con, G T The Influence of Insulin and Epinephrine on 
Glycogen Formation in the Lner, J Biol Chem 85 275, 1929-1930 
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of dextiose is essential The fact that extieme hyperglycemia so pro- 
duced may lesult m glycosuiia should not detei one from such vigoious 
therapy 

Because of the glycosuria which may result fiom intravenous 
dextiose theiapy, some ph3^sicians favoi the routine use of insulin with 
the sugai However, it should be pointed out that unless the patient 
IS diabetic the indisciiminate use of insulin may defeat the very puipose 
of the administration of dextiose We ha^e already referred to the 
evidence that in the piesence of sufficient insulin to maintain a normal 
constant blood sugai level no additional insulin is necessar} to obtain 
a normal hepatic response to administered sugai The injection of 
insulin into a nondiabetic person can, therefore, pioduce no additional 
hepatic effect but does cause inci eased storage of gh cogen in the muscles 
This peripheial effect causes a fall in the le\el of blood sugai, which 
in turn stimulates the liver to pour out more sugar The liver is depiived 
of glycogen lathei than icplenished with it Maintaining the hyper- 
glycemia in spite of the admmisteied insulin will pi event this reversal 
in effect but will not be more beneficial than the same amount of sugar 
without insulin Soskin, Allveiss and Musk) have shown that the 
use of insulin with dextiose in the tieatment of toxic nondiabetic 
animals shoitens life, animals receiving dextrose alone live longer 

Aftei prolonged intravenous injections of dextiose designed to 
suppress the sugai -producing mechanism of the Iner, the oigan recjuiies 
an intenal to recovei from the inhibition of dextrose foimation, so 
that hypogl}cemia may appeal one to three houis after the cessation 
of the infusion'® This should be anticipated and tieated with small 
doses of carbohydiate given b} mouth, oi mtla^enousl} if necessaiy 

25 Soskin, S, and Allweiss, M D The Hjpoghccmic Phase of the Dextrose 
Tolerance Cur^e, J PInsiol 110 4 1934 



STUDIES ON DESTRUCTION OF RED 
BLOOD CELLS 

I CHRONIC HEMOLYTIC ANEMIA WITH PAROXYSMAL NOCTURNAL 

HEMOGLOBINURIA AN INVESTIGATION OF THE MECHANISM 
OF HEMOLYSIS, WITH OBSERVATIONS ON FIVE CASES 

THOMAS HALE HAM, MD 

BOSTON 

The disease s}ndiome of chionic hemolytic anemia associated with 
paioxysmal noctuiTial hemoglobinuria was described as a sepaiate entit} 
m 1928 and 1931 b}^ Marchiafava^ and m 1931 by Micheli - The 
clinical manifestations have been leviewed lecently with the report of 
cases by Witts ^ and by Hambuigei and Beinstem^ The pathologic 
observations in 2 cases, with a leview’- of the literatuie, weie lepoited in 
1938 by Scott, Robb-Smith and Scowen ° Van den Bergh ° in 1911 
made important observations on the m vitro manifestations of this 
disease without distinguishing it from acholuiic hemolytic jaundice 
A preliminary lepoit on the mechanism of hemolysis was published 
in 1937 by Ham, ’’ these observations weie confiimed m 1938 by Dacie 

From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), Boston City Hospital, and the Department of Medicine, 
Harvard Medical School 

This investigation was aided m part bj-- a grant from the Transfusion Better- 
ment Association, Inc , New York City, and by a grant from the Penrose Fund 
of the American Philosophical Society 

1 Marchiafava, E Anemia emohtica con emosiderinuria perpetura, Policlinico 
(sez med ) 35-105, 1928, 38 105, 1931 

2 Micheli, F Anemia (splenomegalia) emohtica con emoglobinuria- 
emosiderinuna tipo Marchiafava, Haematologica, I Arch 12 101, 1931 

3 Witts, L J Paroxysmal Haemoglobinurias, Lancet 2 115, 1936 

4 Hamburger, L P, and Bernstein, A Chronic Hemolytic Anemia with 
Paroxysmal Nocturnal Hemoglobinuria, Am J M Sc 192 301, 1936 

5 Scott, R B , Robb-Smith, A H T , and Scowen, E F The Marchlafa^ a- 
Micheli Syndrome of Nocturnal Haemoglobinuria with Haemolvtic Anaemia, 
Quart J Med 7 95, 1938 

6 van den Bergh, A A H Ictere hemolytique a\ec crises hemoglobinuri- 
ques Fragilite globulaire. Rev de med 31 63, 1911 

7 Ham, T H Chronic Hemolytic Anemia with Paroxysmal Nocturnal 
Hemoglobinuria A Study of the Mechanism of Hemolvsis in Relation to Acid- 
Base Equilibrium, New England J Med 217 915, 1937 
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Israels and Wilkinson® Joidan® in 1938 published independent 
observations on the hemolytic mechanism 

The piesent communication deals with the relation of the acid-base 
equilibrium of blood to hemolysis in vivo and m vitio and with obsei- 
vations on certain featuies of the mechanism of destruction of red blood 
cells Summaiies are piesented of the clinical and laboratory findings 
in 4 unreported cases, and observations on 1 case reported previousl}'- 
by Hamburger and Beinstein ‘ aie included Anothei communication 
will deal with certain immunologic aspects of the hemolytic system in 
this disease 

material and MEIIIOD 

(a) Quantitative Estimation of Hctnoglohin in Plasma and in Uiinc — The 
benzidine method of Bing and Baker’-® vas modified for the estimation of the 
concentration of hemoglobin in the plasma and in the urine Venous blood was 
collected with a syringe and needle rinsed thiee times in 0 85 per cent sodium 
chloride solution and was then rmxcd with 10 per cent (b> \olunie) of 3 per cent 
sodium citrate solution as an anticoagulant To preicnt hemoljsis from manipula- 
tion of blood, only those samples were examined which w’cre obtained hj an uncom- 
plicated venipuncture with a ready flow of blood All samples were handled 
with a minimum of agitation The specimen was centrifuged immediateb, and 
the supernatant plasma w'as stored at ice box temperature For estimation of 
hemoglobin, samples of from 005 to 02 cc of plasma were introduced into 2 cc 
of benzidine solution and the color reaction observed as described by Bing and 
Baker The result w'as corrected for dilution of plasma b} the anticoagulant 
This method was sensitive and moderatch accurate for concentration of hemo- 
globin as low as 20 mg per hundred cubic centimeters of plasma The concentra- 
tion of hemoglobin in plasma from normal subjects collected w'lth the aforemen- 
tioned precautions W'as usually a trace and alwais less than 5 mg per hundred 
cubic centimeters A standard hemoglobin solution was prepared bj diluting 1 cc 
of venous blood to 2 liters w'lth distilled water, the concentration of hemoglobin 
in the sample of venous blood was determined b\ the ox-\gcn capacitj method of 
Van Slyke ” Urine w'as collected dailj in indi\ idual specimens under toluene 
and pooled for tw'O periods of tw'clvc hours each, the period from 9pm 
through 9am representing the sleeping period and that from 9am through 
Ppm the w'aking period For estimation of the hemoglobin content, samples of 
0 05 to 0 2 cc of urine were added to 2 cc of benzidine solution, the same volume 
of normal urine was added to the sample containing the hemoglobin standard 

8 Dacie, J V , Israels, M C G, and Wilkinson, J F Paroxjsmal Noctur- 
nal Haemoglobinuria of the Marchiafava Ti’-pe, Lancet 1 479, 1938 

9 Jordan, F L J Etudes sur rhemoglobinurie, Acta med Scandinav 95* 
319, 1938 

9a Ham, T H , and Dingle, J H Studies on Destruction of Red Blood 
Cells II Chionic Hemolytic Anemia wnth Paroxysmal Nocturnal Hemoglo- 
binuria Certain Immunological Aspects of the Hemolytic Alechanism with Special 
Reference to Serum Complement, J Clin Investigation, to be published 

10 Bing, F C , and Baker, R W Determination of Hemoglobin in Minute 
Amounts of Blood by Wu’s Method, J Biol Chem 92 589, 1931 

11 Peters, J P , and Van Slyke, D D Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1932, vol 2 
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The addition of urine to benzidine caused variable precipitation of the reagent 
because of the salt concentration This method as employed for urine, theretore, 
provided only a crude estimation of the hemoglobin concentration 

(h) Hemolysis Test zmth Acidified Sentm — ^The in vitro hemoljsis test with 
acidified plasma oi serum was performed on red blood cells washed three times 
in physiologic solution of sodium chloride and made to a 5 or 20 per cent suspension 
Samples of 0 5 cc of suspension were centrifuged in tubes 9 5 cm m length and 
0 9 cm in internal diameter, and the supernatant salt was discarded To the packed 
cells were added 0 5 cc samples of serum or plasma The plasma contained as 
anticoagulant heparin, in 15 per cent solution in distilled water, in a concentration 
of 130 mg per one hundred cubic centimeters of whole blood , routinely , serum 
and erythrocytes were obtained from defibnnated blood The suspension was 
acidified by equilibration with mixtures of oxygen and carbon dioxide at room 
temperature or by the addition to plasma or to serum oi 5 pei cent (by volume) 
of certain acids, e g , 0 85 normal lactic acid oi Vs normal hydrochloric acid (see 
section 6) The suspensions containing acidified serum w'ere then incubated for 
from one to two hours at 37 C and centrifuged The percentage increase of 
hemolysis was estimated by determining the hemoglobin content of the serum or 
plasma compared with 100 per cent hemolysis produced by distilled w'ater 

(c ) Blood pa, Blood Gases — The determinations of the pn of blood by the 
glass electrode method ^2 and of the carbon dioxide and the oxj gen content of 
blood were performed on samples of arterial blood kept at 0 C , containing 130 
mg of heparin per hundred cubic centimeters of blood 

(d) Othei Deteumnahons — The methods of estimation of the formed elements 
of the blood,’-2 the serum bilirubin,^^ the platelets,’-^ the clotting time,i® the plasma 
proteins,i7 the Donath-Landsteiner reaction,^® the resistance of the red blood cells 
to hypotonic saline solution, the hemosiderin content of the urine and 20 the 


12 Dill, D B , Daly, C , and Forbes, W H The pn of Serum and Red 
Cells, J Biol Chem 117 569, 1937 

13 Wintrobe, M M Macroscopic Examination of the Blood, Am J M 
Sc 185 58, 1933 

14 Barron, E S G Bihrubmemia, Medicine 10.77, 1931 

15 Pohle, F J The Blood Platelet Count m Relation to the ^Menstrual 
Cycle in Normal Women, Am J M Sc 197 40, 1939 

16 Pohle, F J , and Taylor, F H L The Coagulation Defect in Hemo- 
philia The Effect in Hemophilia of Intramuscular Administration of a Globulin 
Substance Derived from Normal Human Plasma, J Clin Investigation 16 741, 
1937 

17 Ham, T H , and Curtis, F C Plasma Fibrinogen Response m Ivlan 
Influence of the Nutritional State, Induced Hyperpyrexia, Infectious Disease 
and Liver Damage, Medicine 17 413, 1938 

18 MacKenzie, G M Paroxysmal Hemoglobinuria, Medicine 8 159, 1929 

19 Daland, G A , and Worthley, K The Resistance of Red Blood Cells 
to Hemolysis in Hypotonic Solutions of Sodium Chloride, J Lab S. Clin Med 
20 1122, 1935 

20 Cook, S F Structure and Composition of Hemosiderme, J Biol Chem 
82 595, 1929 
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concentrations of urobilin, urobilinogen 21 and copiopoiphj rin 22 m the uiine and 
jn the stools have been described elsewhere 

1 BLOOD PICTURE 

The penpheral blood of 5 adult patients with paiox 3 smal nocturnal 
hemoglobinuiia was chaiacteiistic of seveie 01 of modcratel) severe 
chronic hemolytic anemia, as was evident fiom signs both of increased 
destiuction of red blood cells and of active legeneiation of blood The 
major sign of destiuction of blood and a fundamental feature of the 
disease was the finding of free hemoglobin in the blood plasma of all 
5 patients at all times, whethei hemoglobin was excieted in the urine 
01 not Appaiently the hemoglobinemia is peiinanent, as has been stated 
b} Hamburger and Bernstein "* The concentiation of hemoglobin in 
the plasma varied fiom 11 to 280 mg pci bundled cubic centimeteis, 
foi the lowei concentrations the presence of hemoglobin w'as not 
apparent on inspection of the samples but w^as measuiable b}'^ the 
benzidine method and detectable by spectiophotometiic examination 
In urine fiee from led cells, oxyhemoglobin w'as identified by spectro- 
photometric methods Quantitatively the amomit of hemoglobin excreted 
m the urine in a twelve hour period varied over an extremely wide range 
(table 1) Although there was a dnect 1 elation belw^een the level of 
plasma hemoglobin and the amount of hemoglobin appearing m the 
mine, there was no definite thieshold foi excretion of this protein 
This coi responds wnth the obseivations of Ottenbeig and Fox foi 
noimal subjects receiving mtiav^enous injections of hemoglobin solutions 
Hemoglobin was usually absent fiom the urine when the hemoglobin 
content of the plasma varied from 15 to 30 mg per bundled cubic centi- 
meters AVhen the concentration in the plasma was 30 to 100 mg pei 
hundred cubic centimeters the urine usually showed significant amounts 
of hemoglobin, and when it varied from 100 to 250 mg per hundied 
cubic centimeteis the excretion frequently was extieme, the coloi of 
the urine varying from red to black Theie vveie impoitant exceptions 
to these geneializations, hovvev^ei , in case 4 hemoglobin was alvva}S 
piesent in the urine in detectable amounts vv'hen the level in the plasma 
w^as less than 30 mg per hundred cubic centimeteis, in case 1, on the 
contraiy, no hemoglobin appeared in the urine for seveial days at a 

21 Watson, C J Studies of Urobilinogen I An Improved Method for 
the Quantitative Estimation of Urobilinogen in Urine and Feces, Am J Clin 
Path 6 458, 1936 

22 Brugsch, J T , and Keys, A Quantitative Separation and Estimation of 
Various Porphyrins in Biological Materials, Proc Soc Exper Biol & Med 
38 557, 1938 

23 Ottenberg, R , and Fox, C L The Rate of Removal of Hemoglobin from 
the Circulation and Its Renal Thieshold in Human Beings, Am J Phv’'Siol 123 
516, 1938 



HAM-DESTRUCTION OF RED BLOOD CELLS 


1275 


time with concentration in the plasma of from 60 to 120 mg per hundred 
cubic centimeteis Undoubtedly the chronic hemosidei iiiui la obseived 
in these cases and emphasized by otheis is a direct result of the chronic 
hemoglobinemia Although bilirubmemia was piesent, the degree of 
jaundice was less than might have been expected from the chionic hemo- 
globinemia Similarly, the products of breakdown of hemoglobin were 
not excreted in amounts comparable to the amount of available fiee 
hemoglobin The concentration of urobilinogen and of porph}rins in 
the uiine and m the stools was normal or only moderately elevated 
Decreased renal function was observed in the 3 cases in which examina- 
tion was made and uremia occurred in case 3 

The acceleiated production of red blood cells was evidenced by 
chionic reticulocytosis, the average percentage of i eticulocytes in each 
of the 5 cases being between 10 and 28 The led blood cells vaiied from 
a normal to a moderately macrocytic mean corpuscular \oIuine, as is 
found m other hemolytic anemias In 3 patients (cases 1, 2 and 3) 
whose spleens had not been removed theie were moderate leukopenia 
and thrombocytopenia, as observed by others Moderate splenomegaly 
was present in 2 of these patients (cases 2 and 3) In 2 patients, 
(cases 4 and 5) whose spleens had been removed several years prioi 
to these obseivations the leukocyte counts and the platelet levels were 
normal For all 5 patients the osmotic fragility of the red blood cells 
to hypotonic saline solutions was normal whether samples of blood were 
obtained during a severe or a mild hemolytic phase Seiologic tests 
for syphilis gave negative results, and the Donath-Landsteiner leaction 
was negative m the 4 cases in which the test was made A summary 
of the blood chemistry and other laboratory observations is piesented 
in table 1, and a biief review of each case is given in the appendix 

2 RELATION OF HEMOGLOBINEMIA TO SLEEP 

Quantitative estimations of the concentration of hemoglobin in the 
plasma and urine were made for periods varying from three to six days 
on specimens obtained every three hours day and night or on specimens 
obtained at longer intervals In cases 1 and 2, in which the spleens 
had not been removed, an increase m hemoglobinemia was always 
observed duimg sleep as compared to the level duiing waking hours; 
nocturnal hemoglobinuiia was fiequently present A typical example 
of urinary excretion of hemoglobin during a hemolytic phase of 
moderate severity (case 1) is illustrated in chait 1 Since hemo- 
globinuria was an inconstant finding and did not necessaiily indicate 
the variations in hemoglobinemia, the level of the plasma hemoglobin 
was studied quantitatively as related to sleep 

24 Marchiafava ^ Micheh - Witts ^ Hamburger and Bernstein ^ 

25 Witts 2 Hamburger and Bernstein ^ 
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It was obseived that increased heinoglobmemia was associated with 
sleep either at night or during the day (chart 2) The increase m 
hemoglobinemia did not occur if the patient was kept awake for twenty- 
seven houis, but It was noted when the patient slept during the day. 



Chart 1 (case 1) — Relation of hemoglobinuria to sleep Excretion of hemo- 
globin in the urine of a patient with parox\smal nocturnal hemoglobinuria The- 
daily output was divided into two periods of tvche hours, a period of sleep (from 
9pm through 9am) and a period of waking (from 9am through 9 p m ). 
The patient slept from 9pm through 6 a m 



Chart 2 (case 1) — Chart showing that iiici cased hemoglobinemia is related to 
sleep The rise m hemoglobin content of the plasma W'as absent during twent}-sc\cn 
hours without sleep and w'as reversed by sleep during the daj 

To contiol the effect of postuie and of ingestion of nouiishment, the 
patient, case 1, was fed identical samples of food and fluids every thiee 
houis for forty-five hours (chait 3) Foi ttvelve hours he was kept 
aw^ake at complete rest in bed m the positions assumed during sleep ^ 
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in the subsequent nine houis he was permitted to sleep except dm mg 
feedings and venipunctures It was evident that the increase m hemo- 
globinemia was con elated with sleep and not with posture, with inges- 
tion of food or fluid, or with the time of day or night dining vhich 
sleep occuiied However, in case 4, in which the spleen had been 
removed, there was no inciease in hemoglobinemia or hemoglobmuiia 
during sleep, although before splenectomy definite noctuinal hemo- 
globinuria had been observed by Hamburger and Bernstein ^ The 
excretion of hemoglobin m the urine in case 4 for an eleven day peiiod 
■during a model ately severe hemolytic phase is illustiated in chart 4 
In case 5, in which splenectomy also had been done, theie was no oppor- 
tunity to study the excretion of hemoglobin as related to sleep 

3 RELATION OF HEMOLYSIS IN VIVO TO ACID BASE EQUILIBRIUM 

Sleep IS known to be associated with decreased pulmonai} ventilation, 
with slight elevation of the caibon dioxide content of the aiteiial blood 



Chart 3 (case 1) — Chart showing that increased hemoglobinemia is related to 
sleep and not to posture or to ingestion of food and fluids The patient received 
the same amount of food and fluids every three hours for forty-five hours Foi 
twelve hours he was kept awake at complete rest in bed m the positions assumed 
■during sleep For nine hours he was allowed to sleep 

and with a consequent decrease m as observed by Hastings and 
by Kleitman For this leason it was suspected that elevation of the 
hemoglobin content of the plasma during sleep was associated with 
variation in the acid-base equilibrium of the blood To investigate this 
possibility, 2 patients were treated with acid and with basic salts , 1 was 
subjected to hyperventilation during sleep, and the p-a of the aiteiial 
blood and the carbon dioxide tension of a third patient weie obseried 
•duimg sleep and during waking hours Because of anemia none of the 
5 patients was subjected to severe musculai exercise as a method of 
producing inci eased acidity of the blood 

26 Hastings, A B Personal communication to the author 

27 Kleitman, N Sleep, Physiol Rev 9 624, 1929 
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The Dial administration of ammonium chloride in case 1 (10 Gm 
daily for two days followed by 5 Gm daily for six days) was associated 
with an increase in hemoglobinuria during sleep foi the fiist two days 
of treatment For the subsequent six days of acid theiapy and for a 
sixteen day period in which no acid treatment was given the urine 
contained only a trace of hemoglobin on three occasions In case 4 the 
oral administration on two separate occasions of 5 7 Gm and 12 7 Gm 
lespectively of ammonium chloride during twenty-four hours was accom- 
panied by inciease of hemoglobin m the plasma and in the urine and 
by decrease in the pa of the arteiial blood in the second instance fiom 
7 33 to 7 23 In case 3, in which the patient had pyelonephritis, the 
administration of 4 Gm of ammonium chloride and 12 Gm of 
ammonium mandelate daily foi six days did not pioduce an increase 
in hemoglobmemia or hemoglobinuiia 



Chart 4 (case 4) — The chart shows the excretion of hemoglobin in the urine 
after splenectomy No increase in hemoglobinuria vas associated with sleep 

Sodium bicarbonate admmisteied oialty in the laige dose of 65 Gm 
in twenty-foui hours pioduced a transient deciease in the hemoglobin 
content of the plasma and of the uiine in cases 1 and 4 As is shown 
in chart 5, there was no significant use in the value for plasma hemo- 
globin during sleep for the first night aftei ingestion of alkali, the caibon 
dioxide-combimng power increased significantly with this theiapy For 
sixteen days the patient in case 1 received daily large doses of alkaline 
salts (40 Gm of sodium bicarbonate foi thirteen days and 56 Gm of 
sodium citrate for three days) Theie was no excretion of hemoglobin 
for eight days, but in the subsequent peiiod the nocturnal hemoglobinuria 
returned and increased mateiially, being associated with inciease in the 
level of hemoglobin in the plasma Administration of 45 Gm of sodium 
bicarbonate during the sleeping hours without alkali during the day 
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pioduced a deciease in nocturnal hemoglobinuria but a large cxcietion 
of hemoglobin duimg waking hours Complete and sudden ^\lthdla^^al 
of alkali theiapy, m contrast to discontinuing acid salts, pioduced 
extreme hemoglobmemia and hemoglobmuiia in cases 1 and 4 In case 1 
the concentrations of hemoglobin m the plasma i cached levels of fiom 
230 to 280 mg per hundied cubic centimeters and the urine was red 
to black day and night It was necessary to administer decreasing 
amounts of alkali over a peiiod of six weeks to reduce in pait the 
hemolytic activity Because of the untoward eftect of both the acid 
and the alkali salts in the amounts given, they weie consideied unsatis- 
factory for therapeutic administration 

The respiratory rate and depth duiing sleep were conti oiled artifi- 
cially in case 1 by a Drinker respirator During the first observations 
the rate of lespiration and the volume of an exchange weie adjusted 
to coincide with the spontaneous respiiation of the patient The usual 
use in hemoglobin content of the plasma and of the urine was obseived 
during natural sleep in the machine, and there was no significant alteia- 
tion of alkali leserve as measured on samples of venous blood taken 
before and during sleep Hyperventilation during a subsequent night 
was produced duimg six hours of natural sleep by increasing signifi- 
cantly the rate of respiration and the volume of air exchange As is 
evident from the data m table 2, this hyperventilation pioduced signifi- 
cant alkalosis and was accompanied by no increase in hemoglobmemia 
or hemoglobinuria However, during the same twenty-four hour period, 
natural sleep, without hyperventilation was associated with a moie acid 
but noimal of the arterial blood and with a significant increase in 
hemoglobmemia and hemoglobinuria 

No significant alteration of pn was demonstrable on samples of 
arterial blood obtained from the patient in case 2 during waking and 
sleeping hours (table 3) However, an inciease of hemoglobin m both 
plasma and urine was associated with sleep 

4 RELATION OF HEMOLYSIS IN VITRO TO ACID BASE EQLIIIDRILM 
It was noted that on standing for four hours at room temperature 
01 m the incubator at 37 5 C samples of whole clotted blood (case 1), 
samples of defibrinated blood and samples of whole blood containing 
heparin as an anticoagulant all showed progressive hemolysis, with 
approximately 2 per cent destruction of red blood cells in the four 
hours Comparable samples of blood from normal subjects showed no 
hemolysis At ice box temperature there was minimal hemolysis of 
samples of the patient’s blood From these observations a change m 
pu was suspected to be related to the increased hemolysis of samples 
standing at room temperatuie or incubator temperature Accoidingl}, 
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the influence of variation in pn on hemolysis of samples of blood from 
each of the 5 patients was investigated with a variety of acids 

(a) Carbon Dioxide — Equilibration of defibrmated blood fiom the 
patient or of his whole blood containing heparin with mixtures of oxygen 
and carbon dioxide produced hemolysis roughly proportional to the 

Table 3 (Case 2) — Plasma Hemoglobin and pn of the Blood Duung Sleeps 


Arterial 

Arterial COa Partial 0\ygen 


Status of Patient 

Plasma 
Hemoglobin, 
Mg /lOO Ce 

Content, 

Vol 

per Cent 

Pressure 
CO 2 , Mm of 
Mercury 

Pii 

Capacitj, 

Vol 

per Cent 

Ox j gen 
Saturation, 
Percentage 

Awake and ambulatory 
(noon) 

40 

52 3 

44 9 

7 35 

10 4C 

SSG 

Asleep 

(midnight) 

85 

50 4 

43 9 

7 35 

9 49 

98 

Awake and ambulatory 
(9am) 

CO 

50 7 

41 4 

7 38 

10 01 

91 


♦Samples of arterial blood nere taken during periods of both sleep and making Note 
that there was an increase of tho hemoglobin content of the plasma during sleep but no slg 
nifleant change m pa 


Table 4 — Influence of Caibon Diovide on the Degiee of Hemolysis 


A Samples of blood from the patient in case l and from a normal subject Whole 
blood containing heparin as anticoagulant was equilibrated for 10 minutes at room temperature 
with the continuous flow of 2 liter samples of each gas mi\ture 


Hemolysis Hemolysis 
of Patient's of Normal 
Gas Mixture, Blood, Blood, 

Percentage Percentage Percentage 

Air, 100 0 0 


002, 2 5 1 0 

O 2 , 97 5 


Gas Mixture, 
Percentage 

CO 2 , 5 
O 2 , 95 

CO 2 , 10 
O 2 , 90 


Hemolysis Hemolysis 
of Patient’s of hormal 
Blood, Blood, 

Percentage Percentage 

4 0 


4 0 


B Samples of blood from the patient in case 3 and from a normal subject Whole 
defibrmated blood was washed with 2 liter samples of each gas mixture at room temperature 
for 20 minutes and equilibrated for an additional 10 minutes 


Hemolysis Hemolysis 
of Patient’s of Normal 
Gas Mixture, Blood, Blood, 

Percentage Percentage Percentage 

O 2 , 100 0 0 


N 2 , 100 


0 0 


Hemolysis Hemolysis 
of Patient's of hormal 
Gas Mixture, Blood, Blood, 
Percentage Percentage Percentage 


CO 2 , 10 7 0 

On, 90 

CO 2 , 10 7 0 

Ns, 90 


carbon dioxide tension when the partial pressure of carbon dioxide 
langed from 4 to 40 mm of meicury This effect was related to the 
piesence of carbon dioxide and not to the degree of oxygen saturation, 
since equilibration with oxygen, air or nitrogen alone caused no 
hemolysis and since the substitution of nitiogen for oxygen in the carbon 
dioxide mixtures caused no significant change m the degree of hemolysis 
(table 4) There was no hemolysis of normal red blood cells by the 
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aforementioned procedures when suspended m normal serum oi in set urn 
from the patient 

{h) Lachc Actd and Sodium Bicaibonafc — The addition to serum 
or to plasma (heparin) of lactic acid m a 10 oi 20 milhmolar concen- 
tration caused partial hemolysis of a 20 per cent suspension of washed 
red blood cells from the patient in fifteen minutes at room temperature 
Hemolysis was further increased by subsequent equilibration of the 
suspension with carbon dioxide The addition of sodium bicarbonate 
in a 10 or 20 milhmolar concentration caused sinking decrease in the 
hemolytic action of carbon dioxide The addition of sodium chloride in 
the same concentrations did not inhibit hemolysis The data from one 
experiment are shown in table 5 Theiefore, the degree of hemol^'-sis 
was apparently related to change in pu There was no hemolysis of 

Table 5 — Influence on Hemolysis by Carbon Dioxide of Lactic Acid and of 
Sodium Bicaibonate Added to Sentm* 



Hemoljsls of Patient’s Blood 

K 

IlcmoUsls of bornial Blood 

Lactic acid 

r — 

standing SO 
Minutes at Boom 
Temperature 
(bo CO 2 ) 
Percentneo 

3 

Equilibrated 
with 10 per 
Cent COi and 00 
per Cent Oi for 10 
Minutes at Boom 
Temperature 
Percentage 

0 

t — 

Standing 30 
Minutes at Boom 
'lemporaturo 
(Ko 002 ) 
Percentage 

Equilibrated 
with 10 per 
Cent COe and 00 
per Cent 02 for 10 
Minutes at Boom 
Temperature 
Percentage 

JU 

Unaltered serum 


1 


± 

Sodium bicarbonate 

0 

00 

it 

± 


* The samples of blood were taken from the patient In cn^e 2 and from a normal subject 
washed packed red blood cells were used In 20 per cent suspension Acid or alkaline solution 
was added to serum In a final coneentratlon of 20 mllllmols and 3 per cent dilution of scrum 


noimal red blood cells in similai mixtuics containing normal serum 
or serum from the patient 

(c) Influence of pu on Hemolysis — Fuithei obseivations of the 
influence on hemolysis of the hydiogen ion concentration were made on 
samples of blood in cases 3 and 5, a vaiiety of acids being employed 
and the effect being investigated of acidified serum from the patients 
and from noimal subjects with blood of the same group on the washed 
red blood cells both of the patients and of normal subjects For each 
acid a series of solutions containing a constant concentration of acid 
and varying amounts of sodium hydi oxide was made, so that the addi- 
tion of 5 pel cent (by volume) of the mixture to serum produced a 
range of pu of approximately 6 to 8 The fiist solution of each series 
contained no alkali The only two variables, therefore, were the pu 
and the salt concentration The h3fdrogen ion concentrations of the 
mixture of serum and acid-alkah were estimated with rough acctiiacy 
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by the quinhydrone method-® The results of typical expeiiments are 
shown m chart 6 and table 6 

When the washed red blood cells from the patient in case 3 were 
suspended in serum from the patient or from normal subjects, hemolysis 
increased with increasing acidity foi lactic, hydrochloric, nitiic, acetic 
and sulfuiic acids Hemolysis was absent with citric acid and was 


Table 6 — Influence on Hemolysis of Ceitatn Acids and Acid-Sodiim 
Hydroxide Mtxhnes Added 1o Seitnn " 


A Serum from Patient in Case 3 
pn 


Composition of Acid KaOH 

Mixtures 

Resulting from 


llemoljsis of 

(Diluted to 100 Cc ) 


Adding 0 05 Cc 

Hcmohsis of 

Red Blood CclK 

4 

3 X XaOH 

of Acid XaOH Red Blood Cells 

from (Xorroal 

Volume Added 

Mixture to 0 95 

(Case 3) 

Subject) 

Acidt 

Cc 

Cc Serum 

Percentage 

Percentage 

Control (unaltered serum) 


77 

1 

0 

50 cc 

0 

00 

11 

0 

0 54 normal nitric acid 

2 

02 

15 

0 


S 

70 

0 

0 


10 

80 

0 

0 

50 cc 

0 

OS 

13 

0 

0 48 normal acetic acid 

9 

07 

0 

0 


8 

78 

0 

0 


10 

79 

0 

0 

50 cc 

0 

02 

5 

0 

0 48 normal o\alic acid 

2 

0 0 

3 

0 


8 

70 

0 

0 


10 

80 

0 

0 

50 cc 

0 

02 

8 

0 

0 40 normal orthopho'phonc acid 

9 

00 

3 

0 


8 

73 

0 

0 


10 

70 

0 

0 

B 

Control (unaltered serum) 

Serum from Xormal Subject 

77 

0 

0 

50 cc 

0 

0 5’ 

8 

0 

0 90 normal hydrochloric acid 

2 

08 

7 

0 


8 

78 

0 

0 


10 

82 

0 

0 

50 cc 

0 

0 5 

7 

0 

0 50 normal sulfuric acid 

2 

08 

1 

0 


8 

78 

0 

0 


10 

82 

0 

0 


* A 5 per cent suspension in serum of Trashed packed red blood colls from the patient in 
ca'^o 3 and from a normal subject of the same blood group uere incubated for one liour at 
37 5 0 

t Kormalitj titrated with tenthnormal sodium hjdroMdc with the use of Tashiro’s 
indicator 


diminished with oxalic and phosphoric acids in the concentrations 
emplo 3 ’’ed The degree of hemolysis vaiied somewhat with the serum 
used, whether from the patient or from a normal subject No signifi- 
cant hemolysis occurred, however, when noimal red blood cells were 
suspended in the acidified serums The apparent inhibitory efifect on 
hemolysis of citiic acid of certain salts will be discussed latei (section 8d) 

28 Hawk, P B, and Bergheim, O Practical Phj siological Chem!Str\, Phila- 
delphia, P Blakiston’s Son &: Co , 1937 
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and in a second communication ““ dealing with the complement activity 
of serum It should be emphasized that hemolysis of the erythrocytes 
was frequently observed without the addition of acid and that hemolysis 
was always present and materially increased by the addition of certain 
acids and was decreased oi eliminated by the addition of alkali How- 
ever, hemolysis was not caused by the effect of acid alone, as will be 
shown 

5 FUNDAMENTAL ABNORMALITY OF RED BLOOD CELLS 
Although the pn of plasma or serum influences the degiee of 
hemolysis, a more impoitant observation is the demonstiation that the 
fundamental abnormality foi this disease resides in the red blood cells 
and not in the serum It has been shown that the washed red blood 
cells from these 5 patients were alwa3'^s hemolyzed m the acidified plasma 



Chart 5 (case 1) — Influence of ingestion of alkaline salt on hemoglobinemia 
The chart shows the concentrations of plasma hemoglobin during a period without 
therapy and after oral administration of large doses of sodium bicarbonate 

(heparin) or seium of the same blood gioup of all noimal subjects 
tested On the other hand, the Avashed led blood cells from normal 
subjects were never hemolyzed bj the acidified plasma oi serum of the 
5 patients tested Since the blood of the patients m cases 1, 2 and 4 
was of group IV-0, it was possible to test their red cells with the seium 
of noimal subjects with blood of all foui gioups Since the blood of 
the patients in cases 3 and 5 was of gioup I-AB, it Mas possible to 
demonstrate the lack of hemolytic activity of then seiums for the led 
cells from blood of all four groups from noimal subjects The erythio- 
cytes and serums of 30 noimal persons were employed in these obsena- 
tions Accordingly, there was no apparent association of the four 
blood groups in this hemolytic system The M and N blood groups 
were not tested 
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(a) Diffei encc m Susceptihihiy of Red Blood Cells io Hemolysis — 
A difference m susceptibility of washed erythrocytes to hemol}sis was 
demonstrated in cases 1 and 4 as well as in cases 3 and 5 Since the 
blood groups were the same for each pair of these 4 cases, it was pos- 
sible to suspend washed erythrocytes fiom 2 patients in samples of 
the same seium and compaie the degree of hemolysis The data foi one 
obseivation are shown in table 7 In both instances the eiythiocytes 
showing the greatei susceptibility to hemolysis weie obtained fiom the 
patients m cases 1 and 5, who were in a moderately severe hemol}tic 
phase, as evidenced by high concentrations of hemoglobinemia and 
hemoglobinuria The other 2 patients, on the contraiy, showed hemo- 
globinemia and hemoglobinuria which was model ate (case 3) oi slight 
(case 4) Theie was definite evidence, theiefore, first, of a difteience 



Chart 6 (case 3) — Influence on hemolysis of certain acids Ihe chait indi- 
cates hemolysis of erythrocytes from the patient in case 3 compared with the lack 
of hemolysis of normal erythrocytes, when suspended in serum from the same 
patient, acidified by the addition of a constant concentration of any one of the 
following acids, mixed with varying amounts of sodium hydroxide (1) h 3 dro- 
chloric, (2) acetic, (3) lactic, (4) oxalic and (5) citric The concentration of 
acid m serum for lactic and citric acids was 35 and 18 millimols, respcctncly 
(For other acids see table 6 ) 

in susceptibility to hemolysis for erythrocytes from different patients 
and, second, of a correlation between hemolytic susceptibility of the 
eiythrocytes m vifio and the clinical severity of the hemolytic process 
(b) Effect of Ei yth ocyte Concenti alion on Hemolysis — Tlie per- 
centage of hemolysis of washed red blood cells varied inversely as the 
concentration of cells, as is evident from the curves in chart 7 Com- 
plete hemolysis was nevei obseived undei the conditions emplo}ed m 
this study The usual range was from 2 to 30 per cent 
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(c) Effect of One Hemolytic Reaction on Susceptibility of ErytJuo- 
cytes to Fuithei Hemolysis — Washed red blood cells from the patient 
in case 1 were equilibrated with 10 per cent carbon dioxide and 90 pei 
cent oxygen After the first equilibration the cells Avere washed thiee 
times m saline solution and suspended at the same concentiation in fresh 
serum for a second equilibration The percentage of hemolysis was 
approximately the same for both equilibrations There was no significant 
difference in the percentage of hemolysis between erythrocytes washed 
thi ee times and those washed six times in saline solution It was appar- 
ent, therefore, that the hemolytic susceptibility was not altered by 
multiple washings of the erythrocytes and also that eiythrocytes sus- 
ceptible to hemolysis still remained after one hemolytic reaction had 
occurred 

Table 7 — Diffeience in Susceptibility to Hemolysis of Ei ytlu ocytes from 

Patients in Caies 3 and 5 * 


Hemolysis After Incubation 
for One Hour at 37 5 C 
* 


Source of 

Source of 

without 

Acid, 

0 03 Co 1/3 
Normal HCl 
Added to 0 03 
Cc Scrum, 

Red Blood Cells 

Scrum 

Percentage 

Percentage 

>ormal subject 

^ormal subject 

0 

0 


Patient (case 3) 

0 

0 

Patient (case 3) 

Normal subject 

0 

10 


Patient (cases) 

0 

13 

Patient (case 5) 

Normal subject 

5 

13 


Patient (case 3) 

s 

IG 


♦A 5 per cent suspension of ^vashod pncLcd red blood cells ■i^bs used All samples vere of 
blood group I AB 

6 FRESH HUMAN PLASMA OR SERUJI REQUIRED FOR HEMOLYSIS 

Hemolysis of the abnormal erythrocytes in all 5 cases occurred onh 
in fresh human plasma (heparin) or serum Hemolysis did not occui 
in physiologic solution of sodium chloiide or in plasma or serum which 
had been heated for thiity minutes at 50 or at 56 C Therefore, a factoi 
present in human plasma (hepaiin) and seium was essential foi 
hemolysis of the abnoimal led blood cells The relation of this factor 
to the complement activity of human seium will be discussed in detail 
in another communication 

(a) Effect of Exposing Serum to Vaiious Tempeiatuies foi Thiity 
Minutes — Serums exposed to a temperature of 50 or 56 C for thirty 
minutes showed no hemolytic activity for the washed red blood cells 
of any of the 5 patients Theie was no striking difference in the activity 
of serums exposed for thii ty minutes at temperatures of from 0 to 40 C 
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(&) Effect of Dilution of Senim — The hemolytic activity of serums 
was deci eased by dilution with saline solution or with serum heated 
at 56 C for thiity minutes Hemolysis was seldom demonstiable in 
dilution beyond 1 to 3 or 1 to 4 In some instances the hemolytic activitj 
of serum was not demonstrable in a 1 to 2 dilution 

(c) Failwe of Guinea Pig Complement to Reactivate Heated Sciuni 
— The hemolytic activity was not restored to seium heated at 56 C for 
thirty minutes by the addition of sufficient guinea pig serum to reestab- 
lish or increase the oiigmal complement concentiation of the serum 
as measuied by sensitized led blood cells This will be discussed m 
another communication 

(d) Inhibition of Hemolysis by Ceitain Salts — The hemolytic 
activity of carbon dioxide was prevented by the addition to whole blood, 



Chart 7 (case 3) — Effect of erythrocyte concentration on hemolysis Cur\c 1 
indicates washed packed red blood cells from the patient suspended at \a 131 n" 
concentrations in samples of a pooled specimen of serum from the same patient 
containing lactic acid (20 milhmols) The suspensions were incubated for two 
hours at 37 5 C Curve 2 indicates washed packed red blood cells from the patient 
in case 1 in serum from the same patient The suspensions were equilibrated at 
room temperature for ten minutes with 10 per cent carbon dioxide and 90 per 
cent oxygen 

to plasma (heparin) or to serum of sodium citiate (0 3 per cent) 
potassium oxalate (0 2 per cent) or potassium cyanide (0 13 per cent) 
One tenth of the aforementioned concentration of potassium cyanide 
(0 01 per cent), however, did not inhibit hemolysis The hemolytic 
activity of serum treated with 0 13 per cent potassium cyanide or of 
serum heated at 56 C for thirty minutes was not restored by the addition 
of a 0 4 per cent solution of methylene blue in a concentration of 0 01 or 
0 1 Gm per hundred cubic centimeters Susceptibility of the erythrocytes 
to hemolysis 3 vas not altered by exposure to these salts Washed red blood 
cells obtained from samples of \vhole blood containing the aforemen- 
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tioned salts showed the same hemolytic reactions as did untreated cells 
when resuspended in fresh serum The inhibitory effect of these salts, 
therefore, apparently was on the serum factoi or on the interaction 
between the serum factor and the red blood cell 

7 DONAIH LANDSTEINER REACTION CHILLING OF BODY 

The manifestations of chionic hemolytic anemia with paroxysmal 
nocturnal hemoglobinuria are contiasted (table 8) with the manifesta- 
tions of paroxysmal hemoglobinuria from chilling In the nocturnal 
type of disease the Donath-Landstemer reaction is negative and chill- 
ing of the body does not produce a paroxysm of intravascular hemolysis 
However, the observation that the patient’s red blood cells are frequently 
hemolyzed to some extent in his own serum during incubation might 
falsely suggest a positive Donath-Landsteincr reaction In contrast to 
the Donath-Landstemer phenomenon, the patient’s serum does not 
hemolyze normal cells, and pievious chilling is not necessary for 
hemol 3 Sis Fuither clarification may be made by the hemolysis test 
with acidified seium A paroxysm of hemoglobinuria is not induced 
in the nocturnal type of disease by exposure to cold, yet the presence of 
variable degrees of hemoglobinemia or the frequent occurrence of 
hemoglobinuria has caused this disease to be mistaken for paroxjsmal 
hemoglobinuria e frigore 

COMMENT 

It IS apparent that the fundamental abnoimality underlying the 
hemolytic mechanism m the disease chronic hemolytic anemia with 
paroxysmal nocturnal hemoglobinuria resides in the red blood cells A 
thermolabile factor essential foi hemolysis was found in the patients’ 
plasma and serum and also in the plasma and serum of normal subjects 
The patients’ serum, however, exhibited no hemolytic action on normal 
red blood cells Increase of acidit}'- of plasma oi serum within or bej^ond 
the physiologic range always produced an inciease m the degree of 
hemolysis, decrease of acidity diminished or eliminated hemoljsis 
Accordingly, this disease may be distinguished m vitro from other 
hemolytic anemias by a hemolysis test with acidified serum (tables 
9 and 10) This test has shown no hemolysis Avith samples of blood 
from patients with hemolytic jaundice, hemolytic anemia Avitli sulfanil- 
amide poisoning, acute hemoljdic anemia of Lederer, sickle cell anemia, 
Cooley’s anemia, paroxysmal hemoglobinuria with chilling (carbon 
dioxide equilibration by van den Bergh ® and Jordan °), pernicious 
anemia, hypochiomic anemia and alcoholic cirrhosis of the liver with 
anemia 

Two simplified methods of pei forming the hemolysis test with 
acidified serum are as follows Blood defibi mated with glass beads is 
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employed, since anticoagulants other than heparin inhibit the hemolysis 
completely In the first method, 5 cc of defibnnated whole blood is 
equilibrated in an ordinary tonometei for fifteen minutes at room 
temperature with a gas mixture containing 10 per cent carbon dioxide 
and 90 pei cent oxygen (table 4) The suspension is then centrifuged 
Blood from a patient with paroxysmal nocturnal hemoglobinuria shows 
from 5 to 30 per cent hemolysis after such equilibration, whereas blood 
fiom a normal subject should show no hemolysis or only a trace In the 
second method, 10 cc of defibnnated blood is centrifuged foi removal 
of serum, the erythrocytes are made to a 5 per cent suspension m salt 
solution, and two samples of 1 cc each are measured into small tubes 
and the salt removed after centrifugation The packed erythrocytes 
of one tube are suspended in 1 cc of unalteied serum, those of the 
other tube are suspended in a mixture containing 0 95 cc of serum 
and 0 05 cc of ^ normal h 3 'drochlonc acid {pn, approximately 6 5) , 
these are incubated for 1 hour at 37 C and centrifuged In paroxysmal 
nocturnal hemoglobinuria the tube containing unaltered serum may show 
no hemolysis or lysis of from 1 to 10 pei cent , the tube containing 
acidified serum will show a greater degree of hemolysis, \ar)mg from 
2 to 30 per cent There should be no significant hemolysis m either 
tube foi blood samples from normal subjects or from persons wuth 
other diseases If the test gives a positive result, suitable controls 
may be set up as outlined in tables 7, 9 and 10 

Van den Bergh,® in 1911, reported observations in vitio similar in 
part to those just described in the case of a patient wuth hemoljtic anemia 
associated with the crises of hemoglobinuria (undoubtedly the syndrome 
later identified by Marchiafava and Micheli) Van den Beigh found 
that the patient’s led blood cells were hemolyzed at 37 C in an atmos- 
pheie containing caibon dioxide when suspended m the serums from 
the patient and from 2 normal subjects, the blood groups w^ere not 
mentioned The patient’s seium did not hemolyze normal cells He 
also observed that heating serum for thirty minutes at 50 C destioyed 
the hemolytic activity of the serum and that hemolysis was not restored 
by adding small amounts of fresh human or guinea pig serum The 
author concluded that the hemolysis w^as caused not by specific hemolytic 
substances m the serum but by an abnormal “fi agility” of the erythro- 
cytes to carbon dioxide which did not manifest itself m contact with 
dilute solutions of sodium chloride However, as was shown by van den 
Bergh in this case and by all subsequent investigators, the resistance 
of red blood cells to hypotonic salt solutions is normal This disease, 
therefore, is unrelated to acquired or to congenital hemolytic jaundice 
characterized by abnormally increased osmotic fi agility of the erythro- 
cytes to hypotonic solutions 



1abil9 — Doiicrth-Laudsteinc) Reaction Compat cd to Result of I-lciiiolvsiA Test zvitJi Acid’/ud Scnnii 



1293 


relictions ns tlie patient’s serum, ncidiflcil scrum produced slRnlflcnn 



1294 


ARCHIVES OF INTERNAL MEDICINE 


The hemolytic system m nocturnal hemoglobinuria difteis distinctly 
from that of paroxysmal hemoglobinuiia from cold In the latter disease 
the red blood cells are normal, the seium contains a true hemolytic 
antibody absoibed in the cold by erythi ocy tes, and after chilling hemol- 
ysis occurs in the presence of complement on incubation at 37 C 
(Donath-Landsteiner reaction) The mechanism of hemolysis in hemo- 
globinuria from exertion {Mai schhemoglohtnin le') is not understood 
(Witts , ® Hamburgei 

The in vivo observations in cases of paroxysmal nocturnal hemo- 
globinuria have demonstiated the presence of free hemoglobin in the 
plasma at all times, indicating continued intravascular hemolysis The 
administration of acid-foiming salts pioduced a significant inciease in 
acidity of arterial blood and a transient increase m hemoglobinemia 
and hemoglobinuiia in 2 cases in which theie were no complications 
but failed to do so in 1 case in which acute pyelonephritis was an 
associated condition Conversely, a decicase in acidity of the blood, 
pioduced by the administration of alkaline salts and by alkalosis from 
hyperventilation, was associated %\ith transient decrease in intiavasculai 
hemolysis These obseivations were made on 2 patients, 1 with the 
spleen intact and the othei with spleen icmovcd 

The nocturnal mcicase m hemoglobinemia nas shonn to be associated 
with sleep and not with the patient’s postme, ^^lth ingestion of food 
and fluid or with the time of day or night during A\hich sleep occurred 
No use in the hemoglobin content of the plasma ocemred during twenU- 
seven waking hours It is probable that the mci eased mtravasculai 
hemolysis which occtiis duiing sleep is associated ^^llh the mciease of 
acidity of peiipheial blood, especially in ccitam icgions of the bod} 
subject to 1 datively inactive cn dilation at this time 

In 1 case (case 4) typical nocturnal hemoglobinuiia had been 
obseived befoie splenectomy Aftei splencctom} the nocturnal element 
of the hemoglobinuria was eliminated without alteiatioii of the funda- 
mental abnormality of the led blood cells oi significant decrease of the 
anemia Destruction of led blood cells is thought to occui within the 
splenic pulp, wheie anatomic and physiologic obseivations have 
demonstrated ample oppoi tunity foi stasis It appeal s likely, therefore 
that splenectomy m this case had lemovcd an organ which pievioush 
had provided a legion of stasis duiing sleep and apparently a region 
of acidity even gieatei than the acidity of the peiipheral blood 
Increased stasis dm mg sleep, theiefoie, especially m the spleen, may 
piovide m pait the mci eased acidity lesponsible foi the nocturnal 
element of hemoglobinemia and hemoglobinuria 

29 McNee, J W Spleen Its Structure, Functions and Diseases (Lettsomian 
Lecture), Lancet 1 9S1, 1009 and 1063, 1931 
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No satisfactory form of therapy was found for this disease The 
use of alkaline salts was complicated by severe hemolytic episodes on 
their withdiawal or duiing their administration Acid-forming salts 
inci eased hemolysis temporarily and aie potentially dangerous in pro- 
ducing damage of the renal tubules by precipitation of hemoglobin 
Splenectomy in the 2 cases observed did not decrease the anemia Anti- 
syphilitic theiapy administeied to the patient m case 3 did not alter the 
couise of the disease Tiansfusions are usually associated with hemo- 
l}hic reactions of vai}mg seventy but also aie followed by periods 
ranging from several days to weeks during which the rate of mtia- 
vascular hemolysis is strikingly decreased, as evidenced by low levels of 
hemoglobin in the plasma and in the urine and by inciease of the led 
blood cell and hemoglobin content of the peripheral blood In one 
instance (case 3) a transfusion reaction was followed by oliguria and 
uremia Tiansfusions may be used guardedly as supportive measures 
Consen^ative treatment consists of administration of iron b}" mouth, a 
good diet, moderate activity and avoidance of infections 

This disease has received many names, with lesulting confusion in 
classification As has been suggested by Hamburger and Bernstein, 
the term “chionic hemolytic anemia” ceilainly desciibes one essential 
feature of the syndrome However striking may be the appearance of 
“paroxysmal nocturnal hemoglobinuria,” it must be emphasized, first, 
that hemoglobinemia was present continuously in all cases and is a funda- 
mental feature of this disease , second, that hemoglobinuria undoubtedl} 
results from the excretion of the fiee hemoglobin circulating in the 
plasma, third, that hemoglobin may be absent from the mine for 
inteivals varying from days to weeks, and fourth, that an increase m 
the hemoglobin content of the plasma during sleep (“nocturnal”) was 
always observed in patients with intact spleens even when the urine was 
free from hemoglobin Therefore, hemoglobinuria is not a true index 
of the concentration of hemoglobin in the plasma For these leasons 
this disease might be described moie accurately by the term chronic 
hemolytic anemia with paroxysmal nocturnal hemoglobinemia 

SUMMARY AND CONCLUSIONS 

In chronic hemolytic anemia with paroxysmal nocturnal hemoglo- 
binuria (Maichiafava-Micheli disease) the fundamental abnormalitv 
resides in the red blood cells 

30 DeGowin, E L , Warner, E D , and Randall, W L Renal Insufficienc\ 
from Blood Transfusion II Anatomic Changes m Man Compared with Those 
m Dogs with Experimental Hemoglobinuria, Arch Int Med 61 609 (April) 
1938 



HAM— DESTRUCTION OF RED BLOOD CELLS 


1297 


A thermolabile factor essential for hemolysis \\ as found in the plasma 
and serum of 5 patients and of all normal subjects examined 

The patients’ plasma and serum exhibited no hemol\tic action on 
normal cells 

In vitro, the patient’s washed red blood cells suspended in plasma 
or serum fiom the patient or from normal subjects were hemol}7ed 
frequently but not always at a normal pn , hemolysis was always pro- 
duced by increasing the acidity of plasma or serum within oi beyond 
the physiologic range of variation m pn, hemolysis was diminished or 
eliminated by decreased acidity 

In VIVO, free hemoglobin was piesent at all times in the plasma, 
indicating continued intravascular hemolysis Increased acidity pio- 
duced by ingestion of acid-forming salts was associated vith a tiansient 
increase in hemoglobmemia and hemoglobinuria in 2 of 3 cases Alka- 
losis produced by ingestion of alkaline salts and by hyperventilation was 
associated with a transient deciease in hemoglobmemia and hemo- 
globinuiia 

Nocturnal hemoglobmemia was associated with sleep and not with 
the patient’s posture, with ingestion of food oi fluid or with the time 
of day or night during which sleep occurred It is suggested that 
increased hemoglobmemia and hemoglobinuria during sleep aie induced 
by increased intravascular hemolysis associated with increased acidit} 
of blood, especially of regions of the body subject to stasis, such as 
the spleen 

Splenectomy m 2 cases did not alter the fundamental abnoimality of 
the red blood cells or decrease significantly the anemia In 1 patient 
studied befoie and after splenectomy removal of the spleen was asso- 
ciated with elimination of the rise in hemoglobmemia and hemoglobinuria 
during sleep 

Administration of alkaline salts was unsatisfactory as a theiapeutic 
measure, withdrawal of the therapy pioducmg severe and piolonged 
hemoglobmemia and hemoglobinuria 

The blood picture, laboratory findings and clinical lecoids in 5 
cases are reported Four of the cases have not been previously repotted 

It IS suggested that this disease be called chronic hemolytic anemia 
with paroxysmal nocturnal hemoglobmemia 

APPENDIX REPORT OF CASES 

Case 1 — A Canadian-born school boy aged 17 was admitted to the Boston CiU 
Hospital in March 1937 

Htstoiy — ^The patient was m good health until the age of 15, when, in 1935, he 
first noticed shortness of breath on exertion, increased fatigability and listlessncss 
for several months preceding an attack of influenza which was followed b\ the 
development of pallor with moderate jaundice, symptoms which continued to 
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the time of examination He was anemic, there being 2,620,000 red blood cells pei 
cubic millimeter, with SO per cent hemoglobin This condition was first observed 
in March 1936, and has continued, with periods of increased seventy, to the time 
of this report The urine was first observed to be “the color of blood” after a 
second infectious episode, with fever, cough and prostration, in June During this 
period the urine was dark red continuously for several days There were no 
further observations on the color of the urine For the subsequent eight months 
the patient was chronically ill with var 3 'ing degrees of jaundice The red blood 
cell count varied from 1,240,000 to 1,770,000 per cubic millimeter During this 
interval one transfusion was given, without apparent reaction and Avith some 
benefit In addition, large doses of liver extract bj intramuscular injection were 
admimstered, together with large amounts of raw liver, desiccated hog stomach 
(ventncuhn) and iron given by mouth During the three months before admission 
the jaundice had decreased and the patient was ambulator}, with a good appetite 
and few complaints other than pallor and easy fatigability 

Past History — At the age of 12 the patient had pneumonia on the left side, 
with pleurisy but without knoun sequelae In 1935, after a body blow, he noted 
“smoky” urine foi one day only 

Family HiStoty — There was no familial liistor} of anemia, jaundice or hemo- 
globinuria The patient’s mother had hay fever and diabetes mcllitus, his maternal 
grandmother had had asthma Four siblings were well 

Physical Exaimnation — The patient was athletic and well nourished lie was 
pale, with moderate icterus of the scleras and light vcllowish brown tinting of the 
skin There wcic papular eruptions of acne on the face and healed scars over 
the shoulders The tcmpeiaturc and the pulse rate were normal The blood 
pressure was 120 mm of mercury sjstolic and 65 mm diastolic There was a 
systolic murmur over the apex of the heart 

Laborafoty Observations — As has been mentioned, large amounts of hemoglobin 
were excreted in the urine, cspecialh after sleep, with or without hemoglobinuria 
during waking hours (chart 2) For periods of from three dajs to two weeks tlie 
urine was entirely free from hemoglobin Hcmoglobincima was alvvavs present 
(charts 2 and 3) The laboratoiy observations concerning the blood arc sum- 
marized in table 1 The specific gravity of the urine varied from 1 002 to 1035 
There was a trace of albumin in specimens containing no hemoglobin The sediment 
of the urine showed no red blood cells, occasional casts, constantlj present hemo- 
siderin and moderately increased urobilinogen, but no bile The stools contained 
no occult blood The Takata-Aia reaction was negative The van den Bergh 
reaction was indirect The calcium content of the scrum was 9 6 mg , the phosphorus 
content 5 5 mg and the vitamin C content 0 5 mg per hundred cubic centimeters , 
the basal metabolic rate was 12 pci cent The gastric contents after injection 
of histamine yielded 57 units of fice acid Cutaneous tests showed no sensitivitv to 
pollens, food or certain other test substances Roentgen examination revealed no 
abnormalities of the skull or chest , the long bones were normal except for a post- 
traumatic osteoma of the right tibia Culture of pus expressed from an acne lesion 
showed Staphylococcus aureus 

Progress — ^After periods during which the uiine was free of hemoglobin, 
nocturnal hemoglobinuria returned without apparent cause and without other 
symptoms or signs Hemolytic episodes of varying severity vv'ere associated with 
(1) an infection of the upper respiratory tract, (2) oral administration of 10 Gm of 
ammonium chloride daily for two days, (3) mtrav'enous injection of 1 Gm of 
unneutralized ascorbic acid, (4) a febrile reaction to the eighth consecutive daily 
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intramuscular injection of 5 cc of liver extract (Iner extract-Lilly X X R), 
(S) withdrawal of alkali therapy (40 Gm sodium bicarbonate gnen bj mouth daih ) 
and (6) transfusion of 500 cc of citrated blood Severe hemoljtic episodes were 
not necessarily associated with fever or chills but were always associated with 
some fatigue, there was no pain, dysuna or nausea Transfusion was followed In 
a febrile reaction for twenty-four hours, with extreme hemoglobmemia and hemo- 
globinuria during the second and third days after transfusion Hemnglolim 
disappeared from the urine on the third day, with a stiikmg decrease in liemo- 
globmemia and hemoglobinuria Hemoglobinuria was absent for tw’O weeks, leturn- 
mg m slight amounts nocturnally m the subsequent two wrecks No apparent benefit 
was observed after the intramuscular injection of liver extract, the intravenous and 
intramuscular injection of 1 Gm or 0 5 Gm daily of ascorbic acid and the onl 
administration of iron and of liver extract (Valentine) 

In the sixteen months since the patient’s discharge from the hospital, m 
August 1937, he has returned to Canada and successfully continued his studies at 
boarding school Except for acute attacks he has usually felt w'cll, taking part m 
moderate exercise and enjoying normal activity with the limitation of somewhat 
increased fatigability The disease has remained unchanged, how'ever, the blood count 
varying from 1,510,000 to 2,410,000 red cells per cubic millimeter and the con- 
centration of hemoglobin from 38 to 53 per cent Five infections of the rcspiratorv 
tract, including purulent otitis media, produced severe hemoglobinuria m 4 instances 
Four transfusions were followed by from three to four days m wdneh the urine was 
dark red and a subsequent jienod of from three days to three wrecks without 
apparent hemoglobinuria The only treatment other than transfusion has been 
administration of ferrous sulfate by mouth, 12 grams (0 78 Gm ) per day 

Case 2 — A woman aged 39, a minister’s wufe living in New Hampshire, was 
admitted to the Boston City Hospital m October 1937 

History — The patient felt well until the summer of 1934, w'hen the insidious 
onset was noted of increased fatigability, palpitation and pallor No jaundice was 
present There were no other symptoms Slight jaundice was obser\cd in Novem- 
ber 1934, together with anemia The latter condition had been treated with large 
amounts of liver extract given parenterally and of liver extract and iron gnen 
by mouth, without apparent benefit 

In the subsequent three years preceding her admission to the hospital the 
patient showed chronic anemia and intermittent jaundice The urine on occasions 
was red or black, especially after sleep, exacerbations appeared to follow' infections 
of the respiratory tract and indigestion associated with ingestion of fat Dining 
acute episodes the patient remained m bed because of fatigue and palpitation , 
at other times she was able to partake m moderate activity The maximum 
red cell blood count observed m this period was 2,500,000 per cubic millimeter, and 
the maximum concentration of hemoglobin w'as 65 per cent The resistance of the 
erythrocytes to hypotonic saline solutions was normal Serologic tests for sjphilis 
gave negative results Analysis of the gastric contents after a test meal re\calcd 
free hydrochloric acid Several therapeutic regimens w'ere without striking benefit, 
namely, a Sippy diet with alkaline pow'ders, large doses of iron bj mouth and 
a second series of intramuscular injections of liver extract 

Past Hist 01 y — Sore throat associated w'lth moderate fever, lymphadenitis of 
the neck and prostration for from two to three days had occurred approximatch 
once each w'lnter for many years Menstruation had been normal There had been 
no pregnancies 
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Family History — There was no familial history of anemia, jaundice or hemo- 
globinuria Two siblings had died at 25 and at 30 years of age respectively 
of pulmonary tuberculosis A third had died at the age of 30 of heart disease 
Four siblings were well 

Physical Examination — The patient was slight in stature but was well developed 
and well nourished She appeared to be in good health except for moderate 
pallor and a slight brownish yellow tint to the scleras The temperature and 
pulse rate were normal , the blood pressure was 130 systolic and 60 diastolic A 
rough systolic murmur was heard over the apex of the heart The tip of the 
spleen was palpable 

Laboiatoiy Observations — The laboratory observations concerning the blood 
are summarized in table 1 The maximum specific gravity of routine specimens 
of urine was 1 023 , a trace of albumin was found in specimens containing no hemo- 
globin, the sediment contained hemosiderin, occasional casts and white and red 
blood cells The stools showed no occult blood The Takata-Ara reaction w'as 
negative The basal metabolic rate was -j- 6 per cent Roentgen e\annnation of the 
chest showed small areas of calcification at the apexes of both lungs, compatible 
wuth healed tuberculosis Roentgen examination of the abdomen reicalcd moderate 
splenomegaly 

Ptogtess — During one week of obscnation the patient rccencd no therapi 
other than the administration of iron bj' mouth She had nc\er rccencd a 
transfusion 

In the year since her discharge from this hospital there ha\e been no major 
hemolytic episodes, but the patient has noted bouts of nocturnal hemoglobinuria 
She maintained moderate activity 

Case 3 — An Italian man aged 48, an unemployed contractor, was admitted 
to the Boston City Hospital in April 1938, which was fourteen months before his 
death in July 1939 

Histoiy — This patient enjojed good health until rebruary 1934, when he 
complained of intermittent dull pain in the lumbar region, radiating to the abdomen 
and to the left testicle and associated w'lth the passage of red urine 

In the subsequent four years he was admitted to another hospital on four 
occasions (in 1934, 1936 and 1937) Throughout this period there w’cre intermittent 
attacks of hemoglobinuria associated w'lth symptoms of fatigue, \ague malaise, 
occasional dysuna and frequency of voiding, pallor and moderate jaundice Plnsi- 
cal examination revealed moderate splenomcgalj 

Chronic anemia was present at all times, the number of red blood cells varj ing 
between 2,290,000 and 3,790,000 per cubic millimeter and the hemoglobin content 
between 40 and 70 per cent The urine ahvajs showed white cells and frequently 
showed hemoglobin, but without red blood cells The urine concentration test 
showed the maximum specific gravity to be 1 020 A maximum nonprotein nitrogen 
content of 80 mg per hundred cubic centimeters was observed in 1934, the maxi- 
mum value was 30 mg in 1937 Determinations of phenolsulfonphthalein in the 
urine after intravenous injection of the dye showed diminished total excretion 
after sixty-five minutes, 13 per cent in 1934 and 25 per cent in 1937 Values for 
serum bilirubin of 2 5 mg and 2 2 mg were observed in 1936 and 1937 respectively 
Cystoscopic and retrograde pyelographic examination show'ed no abnormality of 
the bladder, ureters or kidneys Roentgen examination of the chest and gastro- 
intestinal tract revealed no abnormality One of four Hinton tests was reported 
as giving a slightly positive result The patient received antisyphihtic therapy 
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without benefit to the anemia and with the de\elopment of sc\crc jaundice and of 
stomatitis A total of four doses of bismuth sahcjlate and nine doses oi arsphen- 
amine w'as administered The Donath-Landsteiner reaction was ncgatne, and 
chilling of the arm did not produce a hemoljtic episode 

Pa^t History— patient had lived m Italy until the age of 17 There was 
no history of malaria Gonorrhea was contracted at the age of 20 and apparenth 
again in 1935 Before the present illness, as much as a pint of whisky and a bottle 
of wine had been consumed daily for several years 

Family Histoiy — There was no familial histor\ of anemia, jaundice or hemo- 
globinuria Seven siblings were well Nine children of the patient were well 

Physical Examination — The patient w'as well developed and w'ell nourished and 
appeared in good health except for moderate pallor and slight icterus of the scleras 
The pupil of the left eye was deformed owing to trauma The temperature and the 
pulse rate were normal The blood pressure was 150 systohe and 90 diastolic 
The tip of the spleen was palpable 

Laboiatoiy Observations — The laboratorv observations concerning the blood 
are summarized in table 1 The maximum specific gravit\ of routine specimens of 
urine was 1 020 A heavy trace of albumin w’as present in specimens containing no 
hemoglobin, the sediment show'ed hemosiderin, casts, white blood cells and rare 
red blood cells The stools show'ed no occult blood The Takata-^kra reaction was 
negative 

Piogiess — During the fifteen months before death the patient was admitted to 
the Boston City Hospital on four occasions for a total period of one year Through- 
out the patient’s hospitalization the urine contained hemoglobin in varying amounts 
except on the following occasions in five instances after transfusion of 500 cc 
of citrated whole blood, in two instances after transfusion of washed red blood 
cells derived from 500 cc of w'hole blood, on one of two occasions after intra- 
muscular injection of washed stroma prepared from w'ashed red blood cells, 
and for several periods of tw'o to three weeks during the actne stage of p\clo- 
nephritis, which was present for the five months preceding his death In the afore- 
mentioned instances the hemoglobinemia decreased striking!} , and the hemo- 
globinuria disappeared entirely for two to four da}s, or for longer when associated 
with the renal infection This w'as followed by the gradual return first of nocturnal 
hemoglobinuria and then of hemoglobinuria at all times, the greatest excretion 
occurring during sleep A severe hemolytic episode occurred coincidentalK v ith an 
infection of the upper respiratory tract Moderately severe hemohtic episodes 
occuried associated with abscesses of tw'o molar teeth and their rcmo\al, for 
from two to three days after transfusion of citrated wdiole blood or of wa=:hcd 
red blood cells and after the intravenous injection in divided doses during tv o 
days of 80 cc of a 50 per cent suspension of stroma from red blood cells in 
physiologic solution of sodium chloride Clinically the patient was ambulator}, com- 
plaining only of moderate fatigue until the onset of acute pyelonephritis, w'hich 
was evidenced by fever, frequency of urination and the finding in the urine of 
masses of pus cells and the colon bacillus Ammonium chloride (4 Gm ) and 
ammonium mandelate (12 Gm ) administered daily for six da}S did not produce 
hemoglobinuria or an increase in hemoglobinemia This therap} failed to decrease 
the pn of the urine below 6 0 and also failed to reduce the p}una and bacillurn 
On the sixth day of this treatment progressive left hemiplegia de^ eloped, v itb 
incontinence of urine and feces In the subsequent three months before death there 
occurred thrombosis of the left femoral rem, ohguria and uremia lollowmg trail'- 
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fusion and decubitus ulcers over the sacrum The ^alue for nonprotein nitrogen 
increased to a maximum level of 230 mg per hundred cubic centimeters sixteen 
days after transfusion 

Autopsy — On gross examination the kidneys were of normal size and showed 
multiple small abscesses involving the cortex and tubular portions of the medulla 
between the pyramids These areas were umformlj dark browm and gave a strong 
Prussian blue reaction The liver Aveighed 2,100 Gm , appeared reddish brown 
on section and show'cd a small area of recent infarction The w'all of the gall- 
bladder was thickened The common bile duct contained several small black calculi 
but was not obstructed The spleen weighed 560 Gm and on section re%ealed 
dark red soft pulp and a small infarct The heart was normal The lungs were 
edematous There were fibrous pleural adhesions invoking the upper lobe of tlie 
right lung Thrombophlebitis involved the left femoral, saphenous and external 
iliac veins The brain showed a large cjstic area of softening involving a portion 
of the right internal capsule, the claustrum and a small portion of cerebral cortex 
The bone marrow from the v’crtebrae, sternum, ribs and femurs was dark red 
and cellular The tibial marrow was dark red but contained scattered areas of fat 
There was a decubitus ulcer over the sacrum 

On microscopic examination the kidneys show'cd multiple areas of abscess forma- 
tion, large deposits of hemosiderin confined to the tubular epithelium of the cortex 
and hemoglobin casts filling many of the collecting tubules The liver re\ealcd 
varying degrees of congestion of the central vein of the lobule, with atroph} of 
liver tissue and distention of the hepatic sinusoids and a moderate amount of 
atrophy of the hepatic cords There were small areas of focal necrosis The 
spleen contained an area of infarction and necrosis Hemosiderosis was observed 
only m the kidney 

The bone marrow showed hjperplasia of the red cell senes, except that from 
the tibia, which contained onlj occasional islands of hemopoietic tissue 

Case 4 — A man aged 32, an unemployed automobile mechanic, single, living 
in Virginia, was admitted to the Boston City Hospital in 1937 

Histofy — The first deviation from hc.alth occurred in 1932, when the urine 
on three occasions, once in March, once in August and once in November, was 
observed to be dark with a heavy sediment Lack of cnerg)', increased fatigabilitj , 
palpitation and dyspnea on exertion developed insidiousl> during this period 
Anemia was present, a count of 2,500,000 red blood cells per cubic millimeter with 
50 per cent of hemoglobin was observed as early as Januarj 1933 

As was reported in detail by Hamburger and Bernstein,* this patient was 
observed in the Johns Hopkins Plospital in 1933 and in the Memorial Hospital 
in Richmond, Va , each year from 1933 through 1938, splenectomy was performed 
at the Hospital of the University of Pennsvlvania in March 1935 

Throughout this period the patient was unable to work because of fatigue, and 
weakness These conditions have persisted to the time of writing Pie continued 
to show intermittent attacks of hemoglobinuria, chronic anemia and variable icterus 
Splenectomy did not reduce the anemia A total of fifty-three transfusions of 
whole blood had been given up to September 1937, associated with reactions of 
variable severity 

During the aforementioned periods of observation the number of red blood cells 
varied from 1,600,000 to 2,700,000 per cubic millimeter and the hemoglobin content 
from 30 to 52 per cent The reticulocyte count was constantlj deviated and was as 
high as 39 per cent Before splenectomy the number of vv'hite blood cells varied 
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between 4,050 and 9,000 per cubic millimeter, after splenectomj the lc\cl was 
usually higher Serologic tests for syphilis repeatedly ga\e negatne results, as did 
repeated observations of the Donath-Landsteiner reaction The gastric juice 
contained free hydrochloric acid after injection of histamine The urine continued 
to show hemoglobin, but the nocturnal element apparently disappeared, as has been 
mentioned (chart 5) Roentgen examination of the long bone re\ealed no 
abnormality Cutaneous tests wuth a variety of substances w^ere wuthout reaction 

Various forms of treatment w'ere without permanent benefit, namel}, trans- 
fusions of whole blood, parenteral administration of liver extract, a short course of 
injections of neoarsphenamine, intramuscular injections of antivenin, intramuscular 
injections of ascorbic acid and the oral administration of desiccated hog stomach 
(ventncuhn), iron, calcium gluconate and liver extract 

At operation (1935) the spleen w'eighed 360 Gm The sinuses contained a 
moderate amount of blood The splenic pulp was normal The postopeiatne course 
was complicated by otitis media and by mastoiditis requiring mastoidectomy 

Past Htsioty — At the age of 14 the patient had tw'O attacks of multiple cutaneous 
boils One small boil recurred in 1934 The following operations w'ere performed 
tonsillectomy in 1919, dental extractions in 1930, 1934 and 1936, adenoidectomy in 
1933, and splenectomy in 1935 Before the present illness the patient had been 
exposed to carbon monoxide during automobile repair w'ork and had occasionalK 
noticed headache 

Family Hisfoty — There w'as no familial history of anemia, jaundice or hemo- 
globinuria One sibling died at the age of 19 of Bright’s disease, 3 siblings were 
well 

Physical Examination — ^The patient was short, stocky, well developed and w'ell 
nourished He did not appear ill The skin w'as of uniform brownish hue, and 
the scleras showed a similar brownish tint The temperature and pulse rate were 
normal The blood pressure was 108 systolic and 70 diastolic 

Laboiatory Obscivahons — The laboratory observations concerning the blood 
are summarized in table 1 During two months’ study the urine was never free of 
hemoglobin The nonprotein nitrogen content of the blood was abnormally elc\ated 
to a maximum of 72 mg per hundred cubic centimeters, usually Aarjing bctw'een 
45 and 64 mg The urine contained a heavy trace of albumin but the specimens 
showed small amounts of hemoglobin , the sediment revealed casts and hemosiderin 
The stools showed no occult blood The Takata-Ara reaction w^as w'eaklv positive 
The gastric juice after injection of histamine contained 28 units of free hydrochloric 
acid 

Piogtess — During rmld hemolytic episodes the patient noted fatigue, anorexia, 
epigastric discomfort and indigestion In the five years of his illness multiple trans- 
fusions of whole blood were used as the major therapy, from one to three per week 
being administered at intervals of from six wrecks to several months Three trans- 
fusions of 500 cc each of citrated whole blood were gnen on alternate days 
during observation at this hospital The maximum temperatures after the trans- 
fusions were 102 4 F, 102 4 F and 994 F, respectively The patient was in a 
severe hemolytic episode at the time of the transfusions and continued to show 
extremely elevated levels of hemoglobin in the plasma and in the urine until 
twenty-four hours after the third transfusion, from which time the hemoglobincmia 
and hemoglobinuria decreased during the subsequent fire days to the lowest Icrels 
observed in two months The red blood cell count rose from 1,710,000 to 3,550,000 
per cubic millimeter and the hemoglobin content from 39 to 60 per cent after these 
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transfusions The percentage of reticulocytes dropped from 10 to 3 Subjectivelj', 
the patient felt much improved Since Ins discharge iioni this hospital the course 
of the disease has remained unaltered 

Case 5 — A woman aged 30, a housewife, living in Pennsylvania, was obsened 
for two days in Boston in November 1938 

Htstoiy — The patient’s first symptoms of illness occurred in 1931, at the age 
of 23, in Germany, when pallor with slight jaundice developed in association 
with her first pregnancy Delivery was complicated by postpartum hemorrhage, 
after which the level of hemoglobin was observed to be low and iron w'as 
administered In all subsequent examinations of the blood, made each jear, anemia 
had been present, the value for hemoglobin usualh being approximately 50 per 
cent A second pregnancy (in 1934) w'as uncicnlful except for the finding post 
partum of a hemoglobin level of 45 per cent A transfusion at this time was fol- 
lowed one week later by headache, abdominal pain, nausea, vomiting and jaundice 
In 1935 the removal of a sebaceous cyst w'as complicated by erysipelas In 1936 
the patient had tw'o attacks of violent pain in the right upper quadrant of the 
abdomen, described as gallbladder colic associated with moderate jaundice Because 
of anemia the patient received four blood transfusions In April 1937 the spleen 
W'as removed Six direct transfusions of w'hole blood were gnen, w'lthout apparent 
reaction After operation the anemia continued unaltered, with intermittent 
moderate jaundice usually associated with an infection of the upper rcspiratorj 
tract During such episodes the patient felt fatigued and was required to rest 
most of the day At othei times she carried on moderate actnitj 

On one occasion after an infection of the respiratory tract in October 1938, 
the urine was grossly red On close questioning the patient recalled other periods 
of several days during w'hich the urine had been dark, but nocturnal increase had 
not been observed 

Various forms of treatment w'crc w’lthout lasting benefit, namelj, transfusions, 
intramuscular injection of liver extract and oral administration of liver extract and 
of iron 

Past History — Tonsillectomy had been performed at the age of 18 

Family Histoiy- — ^Thc paternal grandfather apparently had a palpable spleen 
without anemia There W’as no familial historj' of anemia, jaundice or 
hemoglobinuria 

Physical Examination — The patient was well developed and well nourished 
She appeared pale and slightly jaundiced The temperature and the pulse rate were 
normal The blood pressure was 110 sjstolic and 70 diastolic The edge of the 
liver was palpable on deep inspiration 

Laboratoiy Observations — The laboratory observations concerning the blood 
are summarized for the jears 1937 and 1938 (table 1) Two specimens of urine 
observed at this hospital on November 18 w'crc dark red, containing large amounts 
of hemoglobin (without red cells) and a hea\ 3 ' precipitate of hemosiderin At 
this time free hemoglobin was observed in the plasma There was no opportunity 
to observe the influence of sleep In previous examinations the specific gravity of 
the urine had varied from 1 012 to 1 023 The urine showed a heai'y trace of albumin 
and occasional red blood cells The urine w'as amber The stools contained no 
occult blood The basal metabolic rate was — 4 per cent The gastric juice con- 
tained a normal amount of free acid Drainage of the biliary tract revealed no 
abnormality Roentgen examination showed no abnormality of the chest, gastro- 
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intestinal tract, gallbladder, kidneys or ureters At operation in 1937 the Inei and 
gallbladder were normal and the spleen weighed 260 Gm , microscopically the spleen 
showed no increase in pigment and only a slight dexiation from normal in the 
prominence of reticulum cells in germ centers 

Dr William B Castle and Dr John H Dingle made important suggestions 
The observations on porphyrins are the work of Dr Robert Kark kliss Constance 
Brooks gave technical assistance Observations of the hydrogen ion concentration 
of blood and of the carbon dioxide and oxygen content of blood were made b\ 
permission of Dr David B Dill by his associates Dr Jost Michelson and Dr 
C Daly of the Fatigue Laboratory, Harvard University Study of the patient in 
case 4 was by permission of Dr William B Porter, Richmond, Va , the data 
in case 5 were supplied by Drs Thomas Fitz-Hugh Jr and William U klcClcnahan, 
Philadelphia 



DIAGNOSIS OF HYPERSENSITIVENESS TO THE BEE 
AND TO THE MOSQUITO 


WITH REPORT ON SUCCESSFUL SPECIFIC TREATMENT 

ROBERT L BENSON, MD 

PORTLAND, ORE 

The animals which are harmful to man include a wide range The 
predator}’- mammals which choose man as an article of diet are leferred 
to mainly m writings on adventure As one descends to the Reptiha, 
however, one finds much written on the venoms of snakes and other 
members of this group Still faither down the scale come the Arthro- 
poda, including, besides the spiders, scorpions, ticks and other arachnids, 
the immense and fascinating array of insects about which countless 
volumes have been contributed to scientific libraries As one proceeds 
downwaid through the predatoiy worms, one comes to the lo\\est of 
all, the Protozoa, important agents of harm, either through their own 
activity or by collaboration with insects oi higher animals 

The present consideiation will be confined entneh to the class 
Hexapoda, or insects, which includes, according to various entomologists, 
thiity or more oiders Of these I need mention only a few, together 
with important examples Anopluia (sucking lice), liemiptera (tiue 
bugs), Trichopteia (caddis flies), Lepidoptera (moths), Diptera (flies 
and mosquitoes), Siphonaptera (fleas) and Hymcnoptera (bees, wasps 
and ants) embrace most of the geneia which interest physicians 

The study of allergy is probably not concerned with the role of 
insects as primary or secondaiy hosts foi numerous human parasites, 
including Vermes, trypanosomes, Piotozoa, lower plant forms and 
unknown viruses These belong to the fields of bacteiiology and 
parasitology Neither does this study include the essential effects of 
venoms and poisons These assume impoitance only as they cany with 
them sensitizing substances, either fiom the insect itself or by con- 
tamination 

A knowledge of entomology is essential to a leal understanding of 
the haimful effects of the insects Of the works consulted one of the 

From the Department of Medicine, Umversit}’ of Oregon Medical School 
Presented at the Symposium on Allergy, Twentv-First Annual Session, 
American College of Ph 3 ’^sicians, St Louis, April 19 to 23, 1937, and subsequently 
revised 
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most instiuctive has been Snodgiass’ ^ volume m the Smithsonian 
Institution Series, which, without being encyclopedic, contributes much 
valuable information on the life habits of the class Olhei vorks con- 
sulted included Snodgrass’ ^ book on the honeybee, Matheson’s ^ on 
mosquitoes and the book “Insects” in the Western Nature Study Senes ’ 
Several other geneial publications on entomology were found useful 

The insects which produce allergic phenomena may be duidcd into 
three groups according to whether they sensitize the human host (1) 
innocently, by scales or dust shed fiom the wings or body, (2) by injec- 
tion of venom through the sting situated in the rear extremity, oi (3) b} 
instillation of sahvaiy secretion thiough the mouth paits Each of these 
will be considered The first group includes chiefly certain nonpredatoiy 
orders, especially Lepidopteia (moths and buttei flies), Trichoptcia 
(caddis flies) and Ephemeiida (May flies) The second group includes 
various stinging members of Hymenoptera, notably the bees, v asps and 
ants The third group embraces a wide range of blood-sucking pests, 
chiefly among the ordeis Anoplura (sucking lice), Hemiptcra (true 
bugs), Diptera (flies and mosquitoes) and Siphonapteia (fleas) 

Nearly all insects have the same essential mouth parts, but with 
marked variations The parts consist of the labrum (upper lip), the 
mandibles (upper jaw), the maxillas (low jaw) and the labium (lovei 
lip) They may, as m the Lepidoptera, be fashioned into a siphon foi 
sucking nectai, or they may be employed, as with many species, for 
chewing food, but in the predatoiy group they are rearranged to foim 
a piercing needle foi drawing blood 

The accompanying diagiams of the mosquito (fig 1) will seive to 
illustiate the mouth parts of most blood-sucking species The pio- 
boscis IS a slender hollow needle formed by close apposition of the 
mandibles, maxillas, labium and h3fpopharynx Body lice have a pierc- 
ing and sucking mouth for di awing blood Fleas likewise have an 
oral tube foi pieicing the skin, and the stable fly has a shoit bioad 
proboscis formed by the usual combination of mouth paits In the 
bedbug and other Hemiptera the mandibles and maxillas form picicing 
stylets enclosed in a tube formed chiefly by the labrum 

1 Snodgrass, R E Insects Their Ways and Means of Lning, New York, 
Smithsonian Institution Senes, Inc , 1930 

2 Snodgrass, R E Anatomy and Physiology of the Honey-Bee, New York 
McGraw-Hill Book Companj, 1925 

3 Matheson, R A Handbook of the Mosquitoes of North America, Spring- 
field, III, Charles C Thomas, Publisher, 1929 

4 Pickw'ell, G , and others Insects, Natural Science Department, Cahform.i 
State Teachers College, Western Nature Stud> Series, Los Angeles, Suttonhou-^t 
Ltd , Publishers, 1933 
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The Hymenoptera which threaten man and animals by then sting 
have an anatomic setup designed for their special needs The mouth 
parts aie usually inoffensive and adapted to lapping nectar or chewing 
pollen and other foods The stinging mechanism, situated in the rear 
end of the animal comprises an elaboiate offensive and defensive 
apparatus (fig 2) formed by the adaptation of the ovipositor Through 
its hollow double lancet is injected the venom, a highly complex mix- 
tuie of chemical ingredients, the probable nature of ^vhlch m the bee 
has been considered in a pievious report 



Fig 1 — The mouth parts of the mosquito 
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Fig 2 — The stinging mechanism of the honeybee 


I INHALATION OF EMANATIONS FROM INSECTS 

Coca and his associates ® stated that Ancona, in 1922, described an 
epidemic asthma which, at certain times, occuried among cereal work- 
ers in Italy as a result of handling giain infested with the larvae of 
Pediculoides ventneosus and that Van Leeuwen repoited a similar con- 
dition m Holland Coca, however, regarded these reactions as non- 
specific 

5 Coca, A F , Walzer, M , and Thommen, A A Asthma and Hay Fever 
m Theory and Practice, Springfield, III , Charles C Thomas, Publisher, 1931 
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In 1929 Parlato ° leported an instance of rhinitis and asthma due 
to the emanations of the sand fly, oi caddis fly, an insect of the order 
Trichopteia abounding along Lake Eiie and the Xiagaia Ruer The 
following year, in a routine study of 192 alleigic patient'^,' he found 
that 14 leacted to filtered extracts of the same species by intiacutaneous 
and ophthalmic tests Passive transfer by the Piausmtz-Kuslncr tech- 
nic was successful in the 4 cases in which it was tried At about the 
same time Figley ® lecorded 4 cases of asthma due to the pellicles shed 
by the May fly, a member of the ordei Ephemenda which swaim^- 
about Toledo, Ohio 

In 1929 Sternbeig® desciibed the occuiience of asthma caused b\ 
Cimex lectularius (bedbug) Unfortunately no pi oof was a\ailable 
that sensitization aiose fiom inhalation Successful tiansfei b) the 
Prausmtz-Kustnei method with 1 1,000 extiacts of the bug did, how- 
ever, suggest the inhalation route Such a high grade of sensitiveness 
IS not usually observed when the allergic leacLion aiises fiom the bite 
This point will be consideied more extensively latei 

Equally difficult to classify weie the tw'O cases lepoited b} Eliis 
and Ahrens of reactions to emanations of bees The fiist patient w'as 
definitely sensitive by sciatch to venom, extiacts of various poi lions of 
bees’ bodies and pollen from hives, but not to oidinar}’- pollen, wings 
of bees or stings These apparent disagreements w^ere difficult to 
explain The second patient gave a histoiy of asthma fiom the au- 
borne pioducts of the bee and also of sensitiveness to the sting Tlic 
findings in this case weie inconclusive because of the patient’s lefusal to 
submit to adequate testing 

As might be expected, the Lepidoptera (moths), wath then dust- 
laden wings, proved to be a cause of inhalation symptoms Parlato 
m 1932 described m detail the abundant dust shed by the wings of 
moths and repoited an instance of hypei sensitiveness Later he 
announced passive transfer of the reagms of the caddis fly, buttcrfl\ 
and moth and found only a quantitative difference in the degrees of 

6 Parlato, S J A Case of Coryza and Asthma Due to Sand Flics (Caddis 
Fhes), J Allergy 1 35, 1929 

7 Parlato, S J The Sand Fly (Caddis Flj ) as an Exciting Cause of 
Allergic Coryza and Asthma, J Allergy 1 307, 1930 

8 Figley, K D Asthma Due to the May Fly, Am J M Sc 178*338,1929 

9 Sternberg, L A Case of Asthma Caused by the Cimex Lectularius (Bed- 

bug), J Allergy 1*83, 1929 

10 Ellis, R V , and Ahrens, H G Hypersensitiveness to Air Borne Bee 
Allergen, J Allergy 3 247, 1932 

11 Parlato, S J A Study of the Atopic Reagms of the Caddis FK, Butter flj 
and Moth, J Allergy 3.125, 1932 
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reactivity to extracts of the three types of insect Balyeat and his asso- 
ciates^^ also reported loutine reactions to extracts of Lepidoptera 

The only reference to nasal allergy from emanations of the house 
fly’s wing IS that of Jamieson His patient reacted to scratch and to 
nasal instillation Passive transfei was successful 

II SENSITIZATION TO STINGS OF HYMENOPTERA 

In a pievious publication Semenov and reported an instance of 
extieme hypersensitiveness to the sting of the honeybee, presented a 
resume of the more important literature and gave a detailed description 
of the bee’s stinging mechanism and the leputed components of the 
venom I have subsequently encountered other examples of sensitization 
to Hymenoptera which I shall i ecite briefl} 

It IS apparent that extreme reactivity to these insects is an acquired 
condition In lepoiting our first case we mentioned that the patient 
was a bee keeper who during his first 3 '^eai m the business suffered many 
stings, reputedly as many as seventy-five in one day, with no unusual 
harm During the second year he began to experience increasing dis- 
tress with each sting, and by the end of the thud year he became so 
ill after single stings that he feaied having to abandon his occupation 

In the meantime Beck presented his mteiesting plea for the venom 
therapy for rheumatic conditions, but admitted a lack of knowledge as 
to the method followed in the preparation of the antigen Of especial 
concern to us, however, was his recital of numeious minor or major 
casualties from stings of Hynienopteia, including information from 
lay sources and even from the daily pi ess In spite of the variable and 
sometimes doubtful souice of data the authoi piesentcd a commendable 
volume of detail 

It was easy to explain his lepoited death of an imbecile following 
stings so numerous that bees were passed by emesis and from the 
rectum and also the death of a man of 84 who icceived 1,200 stings 
His numerous instances of death from a single sting suggested anaphy- 
laxis, but the theory lacked experimental pi oof Much more interest- 
ing were his many accounts of inci easing sensitivity with repeated stings 
and his reported cases of generalized urticaria, sometimes bullous He 
also 1 elated examples of anaphylactic shock fiom isolated stings 

12 Balyeat, R M , Stemen, T R , and Taft, C E Comparative Pollen Mold, 
Butterfly and Moth Emanation Content of the Air, J Allergy 3 227, 1932 

13 Jamieson, H C The House Fly as a Cause of Nasal Allergy, J Allerg} 
9 273, 1938 

14 Benson, R L, and Semenov, H Allergy in Its Relation to Bee Sting 
J Allergy 1 105, 1930 

15 Beck, B F Bee Venom Therapy, New York, D Appleton-Century Com- 
pany, Inc , 1935 
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Necessarily these reports, like all the repoits of death in the hlciaturc, 
lacked immunologic veiification and left the exact cause of death m 
doubt 

An adequate demonstiation of specific sensitization to the sting of 
the bee must rest on the essential i elation of antigen and anlibod) 
Braun reported successful inoculations of increasing doses of mate- 
rial from bees m a patient who leacted to the sting of the insect, but 
unfortunately failed to obtain veiification b}’’ cutaneous or other spe- 
cific tests. Previous to our oiiginal leport there vas a dearth of 
evidence of definite reaction to extiacts of bees followed by specific 
relief I therefore decided to review once more the factois in Inpcr- 
sensitiveness to bees and other species of insects and to supply additional 
examples 

Our previous lepoit mentioned that the specific harmful eficcts of 
the Hymenoptera should be considered as possible lesults of sensitiza- 
tion to the venom itself, to pollen adherent to the bee’s body or to 
allergens inherent in the insect To these I shall now add atopic reac- 
tions due to inhalation of mateiial shed by the bee This conception has 
already been discussed in connection with the report of Ellis and 
Ahrens 

The venom of bees and other membeis of the Hymenoptera con- 
tains a complex poison which Wells, on the basis of Flury’s study, 
interpreted as a possible combination of lecithin with basic radicals 
somewhat lesembling sapotoxms and canthaiidni Whatevei the chemi- 
cal nature of the poison may be, it is of model ate toxicity to the human 
species, nonspecific and therefore tending to cause somewhat of a 
leaction in every one The ordinaiy clinical symptoms appear in \an- 
ous woiks on medicine and toxicology I am especially concerned heie 
with the alarming and even fatal manifestations, which are tabulated 
in a book such as Beck’s It is obvious that a multiplicit} of simultaneous 
stings might provide enough tiue poison to cause death When, on 
the other hand, a person who has pieviously withstood lepeated attacks 
of bees without haim later succumbs to the eft'ect of a single sting, it 
IS difficult to leject the suspicion that one is dealing ^Mth a specific 
phenomenon m sensitization 

The question whether ^enom itself can sensitize is obscured In a 
consideiation which Wells raised He asciibed a histamine-like action 
to the venom of bees Semenov and I compaied the effects of bee 
venom and of histamine on a strip of the virgin guinea pig’s uterus The 

16 Braun, LIB Notes on Desensitization of a Patient Hjpersensitnc to 
Bee Stings, South African M Rec 23 408, 1925 

17 Wells, H G Chemical Pathologj’’, Philadelphia, W B Saunders Compan}', 
1925 

18 Flury, F Ueber die chemische Natur des Bienengiites Arch f e\per 
Path u Pharmakol 85 319, 1920 
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strip of muscle lesponded to a solution of 1 part of bee venom m 
100,000 parts of saline solution, and the tracing thus obtained corie- 
sponded closely with that given by histamine It seemed highly prob- 
able that bee venom contained a substance resembling histamine 
Considering the similarity of the effects of histamine and of anaphy- 
lactic bodies, the implications became still more confusing and the need 
of painstaking immunologic study appeared obvious 

In my study with Semenov we compared in a highly sensitive per- 
son the cutaneous scratch reactions to bee venom, the stinging apparatus 
and the substance of the bee’s body It developed that an extract of 
bee’s bodies from which the stingers and poison sacs had been removed 
caused a reaction as strong as that to the insect’s stinging mechanism 
or even the venom itself The three effects weie identical 4 plus 
immediate wheals, as compared with scant 2 plus wheals with a 1 1 ,000 
solution of histamine Nonsensitive contiols gave only a negligible 
reaction to the three pioducts of the bee, but showed the usual non- 
specific leaction to histamine 

After a repetition of such experimentation, we concluded that the 
patient was definitely sensitive to extiacts of the bee This hyperreac- 
tivity was not due meiely to the histamine-hke effect of the venom, 
since the extract of the body without the poison apparatus produced the 
same wheal Concentiation of extracts ^\]th cold alcohol or a saturated 
solution of ammonium sulfate, to inciease the percentage of piotein, 
augmented the reactivit}'’ Inoculations of such concentrates over an 
extended period resulted in a complete cessation of serious effects from 
multiple stings We felt justified in concluding that the patient’s sensi- 
tive state was due, not to the poison of the venom pioper, but to the 
included body protein of the insect In the seven years since publica- 
tion of these results, an additional immunologic study has been con- 
ducted to clear up ceitain doubtful points Coca® made the veiy just 
criticism that passive tiansfer was needed It also occurred to me 
that attention should have been given to the delayed reactions as ^\elI 
as to the early wheals The possible lole of pollens also demanded 
more study The 10 additional cases here lecoided will throw some 
light on these and on othei pioblems 

All the patients were selected because they complained that stings 
produced large, hot, painful swellings which persisted for days, some- 
times with general prostration In 5 of them a sting constituted a 
definite hazard to life The seventh patient’s father, who was an agent 
for a pharmaceutic house, saw his son stung and described the onset 
of profound shock He maintained that prompt admmistiation of 
epinephrine alone prevented a fatal outcome 

The accompanying table includes, besides data on patient 1, pre- 
viously described, data on the 10 additional patients subjected to 
immunologic study 
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Of the 11 patients, 5 consulted me because of the hazaid attending 
an extremely violent response to single attacks of bees It was my 
belief that these belonged probably m the same category as the subjects 
of unexplained death due to shock from single stings, as reported by 
Beck^® I therefore undertook to inoculate them repeatedly with bee 
extracts according to the technic formerly described In the previous 
report appeared a full description of the treatment of patient 1, a bee 
keeper who was dangerously sensitive to a single sting After a course 
of inoculations for thiee months, he leceived on one occasion at least 
twenty-five simultaneous stings with no ill effects beyond local discom- 
fort On a subsequent occasion I personally observed the site of a 
sting which the patient had received a few hours before on the canthus 
of the eye and found no significant infiltration I treated him only 
two seasons, but in the subsequent ten years he reported no sei lous con- 
sequences from stings Patient 5 in 1935 received a course of eight 
inoculations The following repoit received recently from his father, 
who IS professor of pathology at the University of Oregon Medical 
School, indicates the appaient relief obtained 

Until the summer of 1937 my son escaped contacts with bees, so that there Mas no 
opportunity to learn the results of your descnsitization treatmet given in 1935 
He was then stung by a honeybee with no more effect tiian a local reaction at 
the site of contact The extreme allergic manifestations which he formerly had 
were entirely absent Again in 1938 he leceived a sting \vithout untoward result 
I am most grateful to jou for the striking results of the treatment gnen 

The other violent leactoi, patient 7, and the casual reactor patient 8, 
have been treated but the efficacy is still to be determined I do not yet 
feel justified in deliberately subjecting any of these subjects to the 
onslaughts of bees As a result of the limited experience to date I feel 
confident, however, that the specific inoculations will prove a safeguard 
against the occasional alarming consequences of stings 

Of more import heie are certain immunologic findings Venom 
caused no stronger leaction m any of these sensitive patients than did 
the extracts of bees’ bodies fiom which the stings and poison sacs had 
been lemoved Thus patient 1, by the scratch test, gave 4 plus reactions 
to ra\v venom, to extracts of stings and poison sacs combined and to 
extiacts of bees’ bodies from which the poisonous rear ends had been 
removed Patient 2 gave 4 plus leactions to extracts of bee stings and 
poison sacs combined, of whole bees’ bodies and of bees’ bodies fiom 
which the stings and poison sacs had been removed All the other 
patients responded similarly It seemed logical to conclude that in 
these alleigic persons the specific phenomenon was due to some allergen 
inherent in the insects’ bodies and that the sting caused sensitization 
only because its venom included, besides its oi dinai y poison, the identical 
allergen of the bees’ protoplasm 
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The natuie of this antigen was fuither studied I used main thnu 
sands of hone) bees in the pieparation of materials The ‘'Uul:^ and 
poison sacs were plucked from one group, the remaining poitiom of 
the bodies being reseived for sepaiatc study In .inothei giou]) the 
whole bees were used In all instances the mateiial gioiind di ud 
etherized to iemo\e fats, extracted in ph}Siologic ‘^filution oi ''odiuin 
chloride and subjected to the piocedurcs oidinarih cmpkncfl in mak- 
ing piotein, namcl)% precipitation with cold alcohol oi a ‘^aaiiated ‘solu- 
tion of ammonium sulfate The resulting impuic jMOtein was washed 
repeatedly wuth cold alcohol and cthei and diied to foim a powdci 
Dialysis w^as of course used foi ammonium sulfate ])rccipitatc‘' The 
lesultmg dry antigen foimed the basis of most of nn cxtiacts It was 
not necessary to assume that this fraction repicscntcd anj thing coi re- 
sponding to pure protein It w'as found, howe\er, that the process of 
concentiation inci eased the piotein content of exti.icts and enhanced 
then potency I became convinced that I had, in an impuic foim, a 
piotein-bound antigen of the bees’ bodies which was specific non- 
dialyzable, theimostablc and lesponsible foi the t\pc of Molent phe- 
nomena wdiich occasional!}' result fiom the sting of a single nistct of 
the order Hymenoptera 

Pollen adherent to the bee might, thiough inhalation, account foi 
ceitain symptoms in bee keepeis, but could scarcely apply to the eflccts 
of stings with which I was dealing The lancet of the bee caiiies no 
pollen with it, yet the tests proved conclusnely that the stinging appara- 
tus caused reactions as potent as those caused by the bees’ bodies Moie 
important still, 5 of my 11 patients weie found nonsensitne to ain of 
the pollens of the aicinity I was forced to the conclusion that the 
alleigen lesided in the substance of the insects’ bodies 

Most of the patients whose data wxie tabulated had in addition to 
then specific i espouse to the products of the bee a definite atop} to 
foods 01 dusts or both Clinically 3 had hay fe\cr, 2 asthm.i and 1 
uiticaiia Foi some of them the loutine of handling the atopic con- 
dition was so burdensome that I found it impossible to include a cftin^e 
of inoculations for bees 

The advantages of the intracutaneous testing became obiious when, 
in cases 5 to 11 inclusive, I supplemented the sciatch tc-t with this 
method The early wheals weie usually moie pionounccd than tho^^e fol- 
lowing the sciatch, but the chief advantage of the injection was that it 
pioduced delayed infiltrations which weie red, waim r<u>ed and painful 
and which persisted foi days I found that these were e^en more ‘-ig- 
nificant than the immediate icactions Thus, patient 5 showed onh 
a 2 plus wheal from the sciatch and e\en fiom intracutaneous injec- 
tion of 0 05 cc of a 1 25 solution of extract of bee The next day, 
howevei, at the site of injection there was a large, hot, itching sv, clhng 
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which peisisted for three days In patient 6 the twenty-four houi 
infiltration was even more pronounced, occupying about one half of 
the flexor surface of the whole arm In patient 8 both whole bee pro- 
tein and stingeiless bee protein, injected intracutaneously, caused large 
4 plus wheals in fifteen minutes, and they increased greatly in anothei 
thirty minutes The wheals next day were red and tender and mea- 
sured 50 by 50 mm for the whole bee protein and 60 by 60 mm foi 
the stingeiless bee piotein All these late infiltrations weie in general 
similar to those desciibed for the mosquito (fig 3) 

Passive tiansfer by the Prausnitz-Kustner technic has proved diffi- 
cult and was omitted from our earlier report Aftei unsuccessful 
attempts with several serums, I found that the serum of patient 6 was 
the onl)’’ one which contained sufficient reagin foi tiansfer Of this 



Fig 3 — Twenty-four hour reaction to intracutancous inoculation of a 1 SO 
dilution of the concentrate of the mosquito Acdcs vc\ans in patient 4 

seium I injected 0 1 cc into each of two sites on a nonreactive subject 
Two days latei site 1 icceived 0 02 cc of a 1 50 solution of the extract 
of bee’s sting apparatus and site 2 reccued a similar amount of extract 
of hornets of about the same titer Control sites received equal 
amounts of the same antigens Within fifteen minutes the site of the 
bee extiact showed an iriegular wheal measuiing 14 by 11 mm , while 
its contiol failed to react At the site of the hoiiiet extiact apperred 
a wheal measuiing 16 by 11 mm , with a negligible reaction m its con- 
trol This experinieiit fuiiiished ample evidence that the serum of this 
strongly reactive patient contained reagins for both the honej'^bee and 
the hornet The twenty-foui houi reaction failed to tiansfer 

One has theiefoie a single instance of passive tiansfer of the imme- 
diate reactions to the bee and to the hornet The failuie of other 
serums to cause the same phenomenon convinces me that hypersensi- 
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tnity to the Hymenoptcia is not dcpendabh transferable Ibis mt 
surpnsing in view of the fact that the iinpoitant icaction mclu'- ^ ^ 
maximum intensity m t\\ent\-foui to foiU -eight boms It I', (jum. 
possible that one is dealing here vitb a distinct t}i>c of allcig_\ vbub 
will exhibit the Prausnitz-Kustnci phenomenon onK as fai as pio- 
nonneed immediate wheals aie conceincd 

Sensitization to bees is, ho\\e\er, unqucstionabh a specific jihcnomc- 
non The foregoing successful passne tiansfci of the i taction to both 
the honeybee and tbe hoi net b} the same strum laiscd the qutstum 
whethei this patient had a gioup stnsitnit} to difleicnt Jhmciinptda 
01 whethei he was mdependenth sensitne to the two nisctts Was it 
a species specificity tow aid each oi a specificit\ tow aid the whole ordti ’ 
This question requires fuithei stud> Suffice it that 4 of m\ btt- 
sensitive patients (2, 7, 9 and 10) tailed to react to the hornet and 
w^asp, while 3 otheis (3, 8 and 11) showed the same 4 plus icaciion to 
the bee and the hornet-wasp gioup It is of inteicst m this connection 
that Elhs and Ahiens^® lepoited coincident icactions to hone \ bees and 
bumblebees 

In the meantime lepoits appealed on alleig} to wa‘'ps and hoiiuts 
Hubei t’'* and Mantoux published such icpoits without conoboiatnc 
tests Lincoln-^ leccntly desciibed an inteiesting cx.impU of acute 
shock fiom se\en stings of }ellow jackets but included no immunologic 
studies 

Sulzbeigei, m discussing ni} eailiei papei on the mo'^quito, stat- 
ing that the tw'entj^-foui houi leaction but not the immediate icaction, 
w'as abolished by reinjection in the same site, said 

You can desensitne patients wuth coinparatuc case as lar as tlit ] ite t\\eiit\ -iinir 
to fort 3 '-eight-houi papular reactions arc concerned, whereas the inunednte or 
w’heal type reactions, although also due to hj'pcrsensitiMtj , arc cxtreinch difficult 
to influence and usuallj'- remain constant in spite of all dcseiwitizing procedure*' 

With this statement I am m full accoid 

Patient 7, wdio had a 3 plus wheal fiom 0 02 ec of a 1 25 solution 
of the extiact of wdiole bee, leacted on the following daj witli a 4 
plus infiltiation which measuied 14 be 9 5 cm and was hot, lerl and 
sw^ollen Thiee days latei, when the icaction had sub-'ided, he lecened 
a lemoculation in the same site with 0 05 cc of the same antigen Ihc 

19 Hubert, E Accidents anaplnlactiqucs par dcu\ piqurcs dc guepe reeie- 

A une heure d’inter\ al, L^’on med 138 678, 1926 

20 Alantoux, C Choc par piqurc de guepe, chez un tubcrculcu', Pres'e u'd 
36 259, 1928 

21 Lincoln AI Seeere Allcregic ReacUon rollowintr Wrsp St’i ,m»'i 
S ubsequent Reliei oi Chronic Arm-itis J Allcrg} 7 372 1936 

22 Benson R L Diagnosis and Trcatr>cpt oi Scns’tizaticn tc Mc^o 
J Allerge 8 47 1936 
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immediate leaction was slightly largei than the ongmal immediate 
leaetion (fig 4), but on the following day no delayed reaction was 
piesent The original injection failed to abolish the immediate wdieal 
but completely abolished the leactivity locally as fai as the much laiger 
late reaction was concerned This result coi responded with wdiat I 
foimerly lepoited foi the mosquito It also suppoited the hope that 
a sufficient number of inoculations with inci easing doses might eventu- 
ally abolish the large and distiessing infiltration in exticmely hee-sensi- 
tive patients 

CONCLUSIONS BASED ON PARTS 1 AND II 

1 Inhalants consisting of desquamations of moths, caddis flies, May 
flies or bees belong m one gioup and ma) contain sensiti/ing atopens 
compaiable to epideimal proteins or pollens 

2 More impoitant in regard to bees and other Hymenopteia is the 
sensitization of certain persons following repeated stings 

3 The venom of Hymenopteia contains a nonspecific poison of 
complex composition wdiich is apparently not the true antigen foi sensi- 
tn e persons 



Fig 4 — Immediate wheals A, the reaction to wliolc bee protein, 0 02 cc of a 
1 25 solution, D, the reaction to stingcrlcss bee protein, 0 02 cc of a 1 25 solu- 
tion, C, the reaction to whole bee protein, 0 05 cc of a 1 25 solution in the site 
of a previous similar inoculation 

4 In the stinging act the venom carncs with it a minute amount of 
antigen peculiar to the bee’s body and capable of sensitizing the peison 

5 This antigen is present thioughout the bee’s bod}'- and is inde- 
pendent of venom oi pollens 

6 The antigen leacts in the sensitive peison (o) by immediate -wheal 
and (&) by a moie violent delayed leaction which is laige, hot, red and 
stvollen and wdiich peisists foi one to sevcial days 

7 The antigen is species specific oi in some instances oidei specific 
Further study is lequiied on this phase of the subject 

8 The antigen is apparently piotem bound, nondialyzable, thermo- 
stable and specific 

9 Passive transfer, though difficult, is possible, as was demonstiated 
with one sensitive serum in legard to the immediate leaction but not 
to the delayed reaction 

10 Reinoculation in a pievious inoculation site can demonstiate 
desensitization in regard to the large twenty-four to foity-eight hour 
infiltration, but not to the immediate wheal 
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11 The meagei studies thus far conducted ohcr gicat liopc lhr>* 
lepeated inoculations of sensitne persons with iiici easing dnsc^ 02 
extracts of bees wull evcntualh 1 educe the Molcnt leaction to tlu 
insects below' the dangei lc\el Iwo coinplctcl> ^ucce‘'‘^ful rC'<ults 02 
such inoculations were leported 

III snxsiiizAnox to biting \nd slcking indicts 

Among biting and sucking insects belongs the kiigc gioup of uln- 
tively predatoiy insects of several orders w'hich obtain then noun^hmcnt 
by sucking the blood of animals much laigei than themsehcs '^ome 
piefer lodents 01 othei small mammals and accept m.in as a '^ccond 
choice They aie helpless as fai as leai end weapon': of defence aie 
concerned, usually employ then mtiicate mouth paits onl\ loi '-ucking 
or chewing food and letreat piomptly if detected in their poaching 

Most of the biting insects aie by natuie relative!} nonpoi‘:onou'- 
The tarantulas, scorpions and black widow' spideis bate, to be ‘•111 e. 
definite poison, but these belong to a distinct bianch of Aithiopoda the 
aiachmds The predatoiy insects m the act of biting or sucking inject 
some of the secietion of the sahvar} glands situated in the thoiax <uid 
this fluid, of vaiiable and incompletely know'n composition, ma} U'^ult 
111 ceitain blemishes of the skin which leqtiire discussion hcie 

The observations of Kempei on the bites and sccietions of eci- 
tam insects aie of inteiest Refeiiing to the bedbug, he stated th.it 
the size and chaiacter of the w'elt lesulting from the bite aie independent 
of the size of the attacking insect The youngest larvae cause as strong 
leactions as the matuie insects Noi docs it mattci w'hethci the feed- 
ing continues undistuibed 01 is mtciruptcd Not onh wuth bedbugs 
but w'lth other biting insects, he contended, the injection of ^aln.i 
immediately follow's the inseition of the pioboscis and often precedes 
the initiation of the sucking act It w'as found possible for the bedbug 
to produce a succession of main bites because of the cxticmely minute 
volume of secretion ^olded in each Kemper estimated, with the .iid 
of a microscope, that the total stoiage of sain a was not moic than 
0 18 cc and cited the still more impicssnc figures of Hase The latter 
author, also on a microscopic basis, decided that the sain a injected ui 
ten seconds of feeding aggregated 0 0000167 cc foi the bedbug and 
0 0000416 cc for the dog flea The mosquito also, when interrupted 
111 drawing blood, may move on to a succession of new ':ite5', each 
leqmring its quota of sain a Collection and measuicment of the "ecie- 
tion voided b) this insect at each bite were not possible, but the \olume 
W'as suimised to be corresponding!) infinitesimal 

23 Kemper, H Beobachtungen uber die Wirkung eon Ip5cktei.«tirPcn '1 
f Dermat u Seph 161 127 1930 



1320 


ARCHIVES OF IMERNAL MEDICINE 


Sulzbeigei, in the discussion pieviousl}^ cited, emphasized that what 
IS legal ded as “the ordinary wheal leaction to the bite of the mosquito 
IS piobably not due to the action of a secieted iintaiit but is piobabl} 
in most instances attiibutable to an acqimed and specific sensitization ” 
This statement and subsequent leading pointed to the necessity of con- 
sideiing, in addition to the high giades of sensitiveness to insects which 
I have pieiiously described, the oidinaiy eaily wdieals and latei papules 
wdnch customaril} aiise from bites It w^ould then be possible to com- 
paie the more violent effects of insects, jiaiticulaily the mosquito 

Hecht said that it w'as not rare to find peisons who gave no leaction 
to the bites of insects In fact, he himself had such an immunity to the 
bite of the bedbug and even failed to incite reactivit} to the insects m 
a ciicumsciibed aiea of his skin b} allowing them to feed there lepeat- 
edl} over piolonged petiods Kcmjiei found that among 45 persons 
tested 8 w^eie immune to the bites of bedbugs On one nonieactne 
peison he allowed fully 10,000 bedbugs to feed for a jieiiod of twent}- 
fi\e months without bieaking dowm the immunity Hase also, as 
eaily as 1917, maintained that ceitain peisons had eitlicr natuial oi 
acquiied fieedom from reaction to the bite of the bedbug 

Hecht stated that Hase, Sikoia and Martini made independent 
lepoits on immunity to the body louse Of especial inteiest m this 
connection w'as the example reported by Peacock-,-® who was an ento- 
mologist w'lth the American Red Cioss Trench Fe\ei Commission in 
Fiance in 1918 Seieial ^olunteel subjects iccened intiaienous injec- 
tions of filtered extract of the exciemcnt of lice Fifteen minutes aftei 
injection one volunteei showed maiked anaphj lactic phenomena with 
seveie edema of the face, geneial urticaiia and great discomfort The 
symptoms slowdy subsided This subject had pieiioush been used in 
a stud} in wdnch ovei 100 noiinal lice fed on him during a peiiod of 
eleien days This experiment fuinishcd evidence of eaily tolerance and 
a latei acquiied sensitization of high giade 

As eaily as 1912 Boycott,-' working with fleas, decided that ordi- 
nary peisons who reacted to the bite of common fleas (Pulex iiiitans) 
failed to leact to the first experimental bite of the lat flea ( Ceratoph) llus 
fasciatus) oi the tropical lat flea (Xenopsjlla cheopis), but latei 
acquiied sensitiveness to the bites The same authoi,-® aftei fourteen 

24 Hecht, 0 Hautreaktionen auf die Stiche blulsaugendcr insekten iind 
Milben als allergische Erscheinungcn, Zcntralbl f Haut- u Geschlcchtskr 44 
241, 1933 

25 Hase, A Die Bettwanze (Cimex lectulanus L), ihr Lcbcn tmd ihre 
Bekampfung, Berlin, P Parey, 1917, p 137, cited by Hecht 

26 Peacock, A D The Reaction to Flea Bites Anaph 3 la\is and Louse 
Infestation, Nature, London 118 696, 1926 

27 Boycott, A E The Reaction to Flea Bites, J Path & Bact 17 110, 1912 

28 Boycott, A E The Reaction to Flea Bites, Nature, London 118 591, 1926 
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years, letested one of Ihe'^e oiiginal cxpenmcntal «;ul)iect'- ( In'- v.ih i 
who had pieviousl} become sensiti/cd to Xenops\lla to detcim.jn 
whether she ^\ould react to die rabhjt dea t Spjlop‘;\ ]!us cnnieuli i 
Nothing lesulted fiom the hist bites In anothei t\\o month" linv.cvti 
she had become snfficientl) sensiti7ed to exhibit led jiapulc" "(.\en du" 
after the feeding B) siiccessne lutes the time of latenee d(Ci(a"id to 
thirty-six houis 

Boycott'” subsequent]} pei formed a snnilai expenment uith an 
impoited oiiental species of sand fl} (Phlcliotomus papata^^n ) winch 
was not found in his country He subjected 5 peisons to the bitc" and 
the only one wdio responded had pieeioush encounteied the m"(ct in 
the Oiient With lepeated exposuies the othei 4 became ‘^di'-itni 
wuthm penods langing fiom sc\en to twehe da}s In contia^t with 
these instances of acquired leactmU to lice, fle.is and sand flie‘>, 1 1 edit 
emphasized the difficulty of pioducmg such a lesull with bedbug" 
More discoui aging still weie the attempts to icmn\c the ‘^eiwitization 
to the oidinaiy effects of insects Id edit stated that Pick found 

bedbugs more difficult in this legaid than clothes lice Little mou 
hopeful W'as Hase’s verbal communication to Hccht that he h.id onl\ 
paitially succeeded m desensitizing an isolated site of his skin b\ 
repeated bites of the bedbug Plecht also cited Kempci’s obccnation 
that ceitain peisons became less leactne to species of Aedes aftci 
being excessnely bitten on lepeated occasions Less encoui aging 
how'^evei, w'as Martini’s lepoit, also cited b} Hecht, that aftci allowing 
numeious yellow’’ fevei mosquitoes (Aedes fasciatus) to feed for sex oral 
weeks on the same aiea of his skin he obseivcd no diminution of n.ie- 
tivity Exen Kempei’s”” successful and piogie"sne desen'^iti/ation 
to bedbugs pei formed on an area of his owm skin o\ci a pciiod of clexeii 
months pioxed transient After a lesting jxiriod of foui weeks the 
lesponsneness to bites letuincd It seemed to be the conscn"Us that 
attempts to abolish the oidmaiy cutaneous effects of inscet'= were 
relative!) futile Hecht gioupcd the oidinai) leactions to insect" .i" 
follows 

1 Entile nonreacluitj , no anlibodx , no cellular abilitx to lorni int.boi’i' 
readily 

2 Delayed papular reaction The antibodx introduced b\ the bite '■liimil ti - 
cellular antibodj production The lesidual antigen icicts with the ncvd\ i<ir,.i'd 
antibodj 

3 Late wheals arising similarh to the papules of txpe 2 

4 Immediate wheal The cells ha\e sufficient antibodx to icact to the h.ic, h,'i 
the blood serum contains none for the passu c transfer 

5 Immediate wheal and positne transfer, antibodx in the cells and d-o rc' 
in the blood 

29 Boxcott, \ E , cited in Ecaction to Inject Bitc^ Lancet 2 12"i P'’- 
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6 Complete nonreactivity There is much free antibody present, so that, as in 
true antitoxic immunity, this combines with the antigen before it can participate 
with the cellular antibody in giving a tissue reaction 

Throughout the work cited the reactions lepresented in geneial tlie 
ordinary everyday effects of bites on average persons The lesions 
were usually small and consisted of an early wheal and later papule, v\ ith 
or without surrounding erythema Hecht admitted that there was 
no definite evidence for an identit}*' between uiticarial and papular 
eruptions He succeeded wuth some difficulty m the passive transfer 
of sensitivity tow'ard bedbugs to a previously nonreactive person Only 
one serum of four tried gave a successful transfer, and even with this 
one the site lemained sensitized but a few days The wheal alone trans- 
ferred, and attempts with the late papule failed 

Martini’s results, cited by Hecht, argued strongly for an immunizing 
process While working with a mosquito of the genus Aedes he found 
the reactions smaller in the nevv^born and also in adults who had been 
bitten excessively This observation furnished a strong indication of 
beginning tolerance in the newborn, latei sensitization to the insects’ 
stings and possibly final specific desensitization by repeated exposures 

Most authorities agree that experimental production of ordinarj 
reactions to insects is difficult, but that m the average person, because 
of a long succession of exposures, the reactivity develops natuially and 
inevutably Equally difficult, but probably possible is natural desensitiza- 
tion During two years spent in a heavily mosquito-mfested district 
of Florida I had as neighbor a native who slept nightly in a lOugh cabin 
with open windows devoid of glass or shutters Although mosquitoes 
were as numerous and voracious as I hav e seen anywhere, he maintained 
that they never annoyed him He had ample evidence of malaria but 
never bore any marks of bites 

Swmnaty of Oidinmy Effects of Insects — 1 Certain persons fail 
to react to the bite of a given insect 

2 The reaction of most people consists of an earty wheal and a 
late papule 

3 The effect is probably due, not to the action of a secreted irritant, 
but to an acquired specific sensitization 

4 The specificity probably concerns the species or, at most, the order 
of insects 

5 Persons become sensitive to a particular species of insect in 
varying degrees 

6 Sensitization is difficult to induce in a nonsensitive person, and 
desensitization of a sensitive person is even more difficult and is also 
transient 

7 Passive tiansfer is possible but difficult and applies to the early 
wheal but not to the papule 
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STUDY or MOSQUITO-SENSITRE PATILXI': 

In contrast to the oidinan eftects of insects cited c\tcn-uch i” 
the foieign hteiatuie, ni} reseaich during the past ten ^eai^: coa- 
ceined largei and moie Molent eftccts Tii'^tead of the wiual and 

latei small papule, the highly sensitne patient in\anabl\ di«pla\cd an 
caily Yheal seveial centimeteis in diametei and a laigci and much 
moie significant t^\ent}-foul to foity-eight houi icaclion wlmh w 
hot, led, swollen and painful and usuall} persisted foi sL\cial da\^ 
Geneial sjmptoms such as cough and prostration a\cic common (fleet'- 
These violent reactions, like the lessci ones cited, Ycie found to h* 
specific A'lore impoitant was the obser\ation that iepcat(d inocul.t- 
tions pioduced a piompt and piogiessne impro\emcnt in the Molcnt 
late leactions 

My previous repoi t included 4 such cases 

Case 1 — !Mrs F A K, more than 50 jears ot age, was tc'^tcd c\ttii‘-ntK aid 
was given a course of inoculations of extracts ol \ariGus species oi mosquitoes 
described in detail in that report She experienced a ielaii\e but meompleu 
reduction of her response to bites of the insects, jcl the result was nr from 
convincing Unfoitunatcly, death fiom carcinoma oi the lungs supenened llv 
following year 

This fiist unfa^Olable expcnence did not discouiagc a continuation 
of the study It is giatifymg to be able to state that 5 subseciuent cast- 
had an entiied successful outcome 

Case 2 — Mrs V R. H , aged dl, in addition to being sensitne to pollens, com- 
plained that mosquito bites pioduced large and pcisistcnt locil swelling. e\en to tin 
extent of sw'ellmg the eyes nearlj shut Fler testing and treatment consisted oi 
only two intracutaneous inoculations of small amounts of mosquito extracts on i 
single occasion The result was entirely bejond expectation ],argc loeal iniilti i- 
tions occuired, and she had no imfa\orablc effects of bites m the succeeding st\in 
yeai s 

This amazing expcnence aroused the hope that it might be possible, 
to desensitize peisons to mosquitoes b}’’ a minimal numbei of mjectioii'- 

Case 3 — Airs H J B, aged 45, sensitne to certain foods and hi'diK so to 
bites of mosquitoes, ga\e large peisistent reactions to extracts of the insect S’ e 
recened two series of a few' inoculations each of such extracts m succcssnc (t'’r- 
and m the fi\e jears following her fust course experienced onh tiie ordn’*r\ 
discomfort from repeated biles 

Case 4 — Airs D F, a nurse aged 40, had probable the most extreme reaet'^n 
encountered A detailed account of this patient’s complaint will perhaps rurm-' 
the best clinical picture that can be gnen of extreme allergy to the bite e i tl „ 
mosquito She had been sensitne to adhesne plaster lor eear=, hut far i rt 
important was her violent reactnitj to the bites oi mo-quitoe^ c'tendma I'-J 
over a period of twenty years The sites of the puncture'; always sv die'! mci-- 
snely, sometimes resulting in red streaks which extended up the arm rr d'* h 
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She was confined to the hospital at various times bj such reactions Tlie crj thema 
was often several inches in diameter and lasted from two da\s to a week In 
1917, while m the military service in France, she suffered a sting on the left 
cheek, and within a few hours there developed an infiltiation so e\tensi\c that it 
almost closed the left eye The lip also became so swollen that it was necessary 
for three days to feed her with a tube During the succeeding jears she experi- 
enced similar effects from attacks of mosquitoes up to the time when she consulted 
me m 1935 She leceivcd a course of specific treatment m the summer ot 1935 
and manifested improvement almost from the beginning After the first four injec- 
tions of the antigen I personally obscr\cd two mosquito bites, one on the wrist 
and the other on the ankle, which caused no reaction bejond the ordinary small 
w'heal Her freedom from se\erc reactions continued Two jears later she 
received a second course of inoculations and has had no trouble in the four years 
since treatment began 

Diagnosis has been made of the condition of 2 additional patients, 
and they ha^e liad a limited mimbei of inoculations Sc\cral others 
have been tested, but they need not be discussed in detail heie as their 
couise confoimed in all respects to that of the patients alrcadt men- 
tioned All patients tieated except the first ha^e had successful results 

The method of pieparing the antigens fiom puie stiains of the 
mosquitoes Aedes vexans, Aedes akhichn and Cuhcella incidens, hatched 
in the laboratory, appealed in detail m the eailier repoit I segregated 
the males and females foi separate study and in some instances classified 
them accoiding to age into matin e, newly hatched and pupal Antigens 
of each were of tw^o types (a) simple extiacts m Coca’s solution and 
{b) piecipitates thiowm down fiom fluid extiacts of the insects wuih 
cold alcohol oi a saturated solution of ammonium sulfate The lattei 
t}pe of concentration, wuth latei dilutions of vaiying stiength, ga\e 
bettei leactions than the simple filtiates, but in othei lespects the twm 
types of antigen acted similaily 

The eaily wdieal ahvays appealed within fifteen minutes and w^as 
entirely like that produced by extiacts of bees (fig 4) This usually 
faded in a shoit time but was succeeded in a few^ houis by a raised 
aiea of erythema, wdiich continued to increase m size until in tw^enh- 
four houis it foimed a hot, red, somewdiat laised and painful infiltra- 
tion usually 2 inches (5 cm ) or moie m diametei and lasting for 
several days (fig 3) Sometimes it occupied neaily the whole foreaim 
or upper arm The reactions in the vaiious patients W'eie mostl} of 
this type except that m some instances vesicles appealed in the center 
of the infiltiation Such lesions can be seen in figuies 4 and 6 of the 
eailiei study 

Obseivations of these unusual laige infiltrations aie scanty in the 
literature Kempei described medium-sized wdieals aiising from three 
bedbug bites on the forearm and followed in eight houis by extensive 
hot erythema which m fifteen hours involved the whole forearm, the 
lowei half of the upper aim and the back of the hand Hecht leported 
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a similar occurrence due to the sting of Anopheles maculipcnni^ Bioau 
and his co-workers reported an instance of Arthus’ phcnoinenun v uh 
mosquito bites Only a few isolated citations of these major efiecis 
have come to my attention, and thc\ without eMdence of specific treat- 
ment of the severe late reaction 

There appeared to be no doubt that the extreme cfiects of mo'^- 
quitoes observed in my six patients were coiicctl} a‘:cnbed to the bites 
On repeated occasions the patient's arm, subjected to the sting ot con- 
fined mosquitoes which had been hatched in the laboratory, c\hibitc(i 
typical immediate and delayed leactions of great sc\ciit\, while ct%cral 
noimal controls under the same conditions showed no unusual eficct^; 
The hatching of the mosquitoes in the laboratory and the siibscqucni 
vegetable diet for the insects assured that none of tho<=e u'^ed for expcii- 
ment had pai taken of blood 

Several important deductions resulted fiom this study The ihrtt 
species of mosquitoes caused about equal reactions on a gnen patient 
This fact seemed to indicate a specificity for the suborder but not foi 
the species The comparison of these effects wulh those of biting flics 
would be desirable, since these insects, like the mosquitoes, belong to the 
order Diptera 

Sex appealed not to be a factor m the antigenicity of the insects 
The vegetarian male wdien injected into the skin caused a reaction as 
strong as that of the blood-sucking female In this connection 1 lecht ‘ 
repoited on the separate antigenic properties of different parts of the 
mosquito He made emulsions of the salivary glands, muscles, o\ ai ics 
and othei portions of the mosquitoes’ bodies Each of these injected 
intiacutaneously into the skin of reactive persons produced cfttct'- 
similar to those of the insect’s bite These results, which were coriobu- 
rated by other w^orkers, convinced Hccht that the reacting substance 
of the salivary gland was likewuse present in othei tissues of the m’-t < t 
The similarity of reactions to extracts of the male and female togcthci 
with the studies of Hecht, forced me to the conclusion that scnsiti^.ituip 
to the mosquito w'as not due to any poison in the \cnom, but to an 
antigen present in all parts of the mosquito, regardless of s^n li 
appeared likely that the injection of salivary secretion by mosquitnc- 
in the act of feeding caused the extieme effects m these iiigiily react. v< 
patients because the fluid contained, in some degree, substances comiron 
to all parts of the insects’ bodies 

The reaction to extracts of newly hatched mosquitoes \eas smuku 
to that obtained wdien oldei insects were used The pupae on the 
hand, failed to incite a reaction in a sensitne patient Thi- dilTc''s v ith 
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Kemper’s observation foi bedbugs He stated that the youngest larvae 
of that insect caused as stiong reactions as the mature insects 

A second inoculation of antigen in a former inoculation site gave 
use to an undimimsbed eaily wheal, but in most instances it failed to 
elicit the former laige twenty-four hour infiltration The late reaction 
usually failed entirely to appear after the leinoculation Extracts of 
one species of mosquito inoculated into a site pieviously inoculated with 
an extract of another species abolished the reactivity equally well 
These findings indicated that it was easy to desensitize as far as the 
late reaction was concerned and also that the specificity applied to the 
whole suborder of mosquitoes rather than to the species The ease with 
which local desensitization was attained was the mam factor which 
encouraged me m the hope that the same result might, by repeated 
inoculations m ascending doses, pioduce the same action in a general 
sense That this hope was justified is proved by the adequate clinical 
relief that followed specific tieatment m several cases 

The antigen was found to be soluble in water and saline solution, 
insoluble in alcohol, nondialyzable, thermostable and specific Numer- 
ous controls failed to react These qualities, together with its occur- 
lence in both sexes and Hecht’s demonstration of its distribution m 
various portions of the mosquito’s body, pointed to a heat-iesistant, 
pi otein-bound antigen of this insect’s body as the active principle in 
sensitization 

SUMMARY 

Instances of extreme sensitization to the sting of the hone) bee and 
the bite of the mosquito are desci ibed With each species the immediate 
wheal was of considerable size, but the important reaction reached its 
height in twenty-four to forty-eight hours and consisted of a large, hot, 
red, painful, slightly raised infiltiation which persisted for several days 
With both species the reaction to the insect’s puncture and to the intra- 
cutaneous inoculation of the extiact was found to be due, not to the 
poison of the venom or to the salivary secietion, but to the body substance 
of the insect cairied in this fluid Extracts of the bodies of these insects 
contained antigens which were soluble in water, nondialyzable, ther- 
mostable and specific for the host in regard to the group rather than the 
species These antigens had the property of causing large immediate 
wheals and later infiltiations similar to the effects produced by the 
insect’s puncture of the skin It was found possible, by remoculation 
in the same site, to desensitize locally as far as the late leaction but not 
the immediate wheal was concerned 

Passive transfer by the Piausnitz-Kustnei technic was demonstrated 
for the bee and impeifectly for the mosquito, but in each instance for 
the immediate leaction only Repeated injections of antigens in incieas- 
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ing doses resulted in several instances in adequate gcneial dc^en‘:un''t)iin 
to the violent eflects of the punctures of each species of lu'-ect '1 hi‘> 
successful result led to the conclusion that these antigens are prob'ihh 
essentially dif¥erent from those causing the oidinar\ mild reactions of 
the same insects 

The results repoited here and in preMous ai tides afioid conclusnc 
evidence that (1) extreme hypersensitncnc'^s to the sting of the bee 
and other H^menoptera, with its ha^aid to human hie, can be elimi- 
nated, usually for a period of yeais, by a scries of specific inoculation's 
and (2) large, painful and toxic infiltrations from bites of mosquitoc's 
can be similarly prevented 

The Lederle Laboratories are now prepared to fuini‘:li both of the‘:e nnligciv 
for diagnosis and treatment 

404 Medical-Dental Building 
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ANATOMY or THE REFLEXES 

One of the important events of the yeai for clinical neurologists 
IS the publication of Fulton’s “Ph)'siology of the Ner\ ous System ” ^ 
The book is more accurately described as a physiologic anatomy of the 
central nervous system, for several aspects of neurophysiology have been 
slighted or omitted but the coordinated exposition of anatomy and func- 
tion IS exti aordinanly well done and is just the sort of information that 
the student of neurolog}'’ needs before he undertakes clinical pioblems 

Chapter XV is written largely by Lorente de No and is especiall} 
significant because it brings together for the first time a gioup of 
obseiwations that have changed the trend of neurologic thought in lecent 
years Formerly the reflex arc was considered the epitome of neivous 
action, combinations of reflex arcs were thought to be added togethei 
and organized into more and more complex action patterns, but this 
concept has been found to be too simple Even m such rudimentary 
reflexes as the flexion of the leg theie was found to be a piolongation 
of contraction, or after-discharge, that could not be explained on the 
basis of the simple reflex arc As long ago as 1923 Foibes" clearly 
stated that this must be due to a “leverbeiation” eftect set up m a 
complex network of neurons whenever a simple leflex aic is set off 
Recently Lorente de No has studied this pioblem in great detail by 
investigations both in the field of microscopic anatomy and in that of 
experimental electrophysiolog}'’ His work is well summaiized m thiee 
papers® dealing with the activity of the chains of inteinuncial neuions 
which complicate the simplest reflex aic Much of his work was on the 
vestibular nuclei and tracts in the bulb The experiments show hov 
a single stimulus can set up a long-continued set of neural events vhich 
cause sustained reflex action In fact, these inteinuncial neuions form 
the greater part of the nerve tissue, and many of the functions of the 
nerve centei are explainable in terms of thieshold changes caused b} long- 
lasting bombaidments of the nerve cell by inteinuncial pathways Long 

1 Fulton, J F Plwsiology of the Nervous System, New York, Oxford Uni- 
versity Press, 1938, p 675 

2 Forbes, A , Cobb, S , and Cattell, H Am. J Physiol 65 30, 1923 

3 Lorente de No, R J Neurophysiol 1 187, 195 and 207, 1938 
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ciicuiting and reverberation explain the continuity of action of leflex 
mechanisms Summation, inhibition, facilitation, after-discharge and 
reciprocal contractions of muscles are examples It is not a mere matter 
of stimulus and response, which at best would give jeiky and awkward 
motor results, but a matter of fine, continuous intergi adations of stimuli, 
probably caused by changes m threshold and summation at the multi- 
tudinous synaptic knobs on the millions of nerve cells The expeiiments 
not only explain cord and bulbar reflexes but have been applied to the 
cerebral cortex The histologic work of Lorente de No ^ on the brains 
of young mammals has shown that the most important relations of 
cortical nerve cells are the vertical connections through axons, dendrites 
and collaterals Heie, at the highest level, one finds a beautiful apparatus 
of continuous, “reverberating” reflex action 

PSYCHOSOMATIC RELATIONS 

In December 1938 the Association for Research m Nervous and 
Mental Disease held a two-day symposium on “The Intel -Relationship 
of Mind and Body ” Early m 1939 appeared the first number of a new 
journal. Psychosomatic Medicine, sponsored by the Committee on Neu- 
rotic Behavior of the National Research Council These two events 
show that a long period of educational development is reaching fiuition 
For twenty-five years Adolf Meyer has been urging the psychobiologic 
point of view, emphasizing that in medical practice the personal situa- 
tion must be taken into account — not only the body and its internal 
environment but also the psychologic i eactions and the external environ- 
ment A balance sheet should be made up of the patient’s assets and 
liabilities before treatment is pi escribed, and that treatment must be 
medical, social and psychologic 

This point of view has long been held by the masters m medicine, 
it IS not new, but its recent emphasis and development are impoitant 
It enriches the science of medicine, and it gives meaning to the art Not 
that somatic medicine is all science and psychologic medicine all art — 
far from it 1 But it brings these two together and points out problems 
and methods, besides trying to expound what is known “It brings 
to the study of disease an attack m which it is specifically recog- 
nized that every human being is a whole individual and not a loose 
combination of physical and psychic factors ” ^ Note ivell that I do 
not say “the individual must be studied as a whole” or “the total situ- 
ation must be considered ” These dogmas say too much, and m so 
doing spoil themselves It is plain common sense that the individual 
cannot be studied as a whole — one must begin somewhere, and as 

4 Lorente de No, R, in Fulton, ^ chap 15 

5 Psychosomatic Medicine, editorial, JAMA 113 503 (Aug 5) 1939 
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soon as a beginning is made at one point the study of the whole is 
sacrificed Studying the “whole individual” would have to be a sort 
of armchair contemplation that would lead nowhere Likewise, no 
student ever completed a description of the “total situation” of another 
person — it cannot be done AVhat one can do is this approach the study 
of disease recognizing that every human being is a whole individual and 
not the mere sum of his parts That is something dififerent, and only 
thus can one study the parts intelligently 

The new journal Psychosomatic Medicine has papers on diveise 
topics, but all deal piimarily with phenomena which may be viewed 
from either the psychologic or the medical angle Ingram’s ° review of 
the functions of the hypothalamus stresses the point that the vai let} of 
functions attributed to such a small structure makes the theories seem 
incredible This part of the brain is an integrating mechanism for 
vegetative functions , it influences low^er, subordinate neural mechanisms, 
and IS influenced to a certain extent by cerebral control There is good 
evidence that neuions in the Itypothalamus aie concerned W'lth sleep, 
emotional expression, body temperature and the activities of the visceia 
It is piobable that these nuclei also have control over the metabolism of 
mineral substances, carbohydrates, fats and perhaps protein In this 
field, however, more work must be done before proof is established 
Much has been done m relation to water metabolism, but some facts 
are still confusing The relation to the functions of reproduction are 
less well known Localization of any one of these functions to an) 
single hypothalamic nucleus is as yet impossible, in fact, it is piobable 
that there is no localization of that sort A bibliography of 399 titles 
shows what extensive work has been done in recent yeais on this group 
of cerebral nuclei 

Liddell and his co-workers ' have produced m sheep a state that 
resembles certain neuroses in man These sheep have a cardiac dis- 
order disclosed by a rapid and irregular pulse brought on by stimuli 
which have no effect on normal animals The neurosis is induced by a 
technic similar to that employed by Pavlov The animals are “con- 
ditioned,” 1 e , taught to make discriminations betw^een stimuli When 
this process of discrimination is refined, wdien it is made difficult by 
delay or interruptions, the neurotic behavior develops Cook ® has 
developed “experimental neurosis” in white lats by first training and 
then confusing and frustrating them The resulting behavior, as described 
in his paper and shown in his moving pictures, is certainly convincing 

6 Ingram, W R Psvchosom Med 1 48, 1939 

7 Anderson, O D , Parmenter, R , and Liddell, H S Psychosom Med 1 
93, 1939 

8 Cook, S W Psychosom Med 1 293, 1939 
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pi oof that the animals are undergoing a severe psychologic disintegration 
especially affecting their motor performances by the appearance of 
such symptoms as tremors, spasms and fits 

Cardiovascular neuroses are treated in a review by Caughey ° and 
111 a symposium on hypertension Solomon, Dariow and Blaurock show 
beautiful continuous records of blood pressuie and palmar sweat reac- 
tions during emotional stimulation Hostility and perplexity caused 
laige changes m blood pressure and small changes m palmar sweating 
Passive patients showed large changes m both The authors demonstiate 
by records, what has long been known clinically, that the autonomic 
system of man reacts selectively to various stimuli Saul describes 
7 cases of essential hypertension m which psychoanalysis revealed chronic 
hostility and unsuccessful rebellion with inhibited heterosexuality as 
the mam psychodynamic personality trait Mittelmann and Wolff 
made a coordinated study of emotional and physiologic phenomena, 
changes m temperature of the skin appeared to be an especially useful 
indicator Induced emotional stress was shown to cause a marked drop 
in skin temperature, and if sustained, cold hands lesulted for long periods 
In patients with Raynaud’s disease emotional stress would cause a fall 
111 temperature and attacks of pain with cyanosis The degree of dis- 
comfort was the resultant of the interplay between the factors of emo- 
tional stress and environmental temperature 

More specific psychosomatic relationships are discussed in special 
papers and case reports on anorexia nervosa,^® neurodermatitis,^^ 
asthma and ovarian activity 

At the meeting of the Association for Research m Nervous and 
Mental Disease there was conspicuous variation m ideology and nomen- 
clature, m fact, a number of the discussions were too vague to lead 
anywhere Some good data were presented, howevei, in seveial fields 
In a symposium on the alterations of mental and emotional proceses by 
chemical agents there were discussions on oxygen, vitamin deficiency 
and the results of administration of barbiturates, bromides, benzedrine 

9 Caughey, J Psychosom Med 1*311, 1939 

10 Solomon, A P , Darrow, C W, and Blaurock, M Psychosom Med 1 
118, 1939 

11 Saul, L J Psychosom Med 1 153, 1939 

12 Mittelmann, B , and Wolff, H G Psychosom Med 1:271, 1939 

13 Rahman, L , Richardson, H B , and Ripley, H S Psychosom Med 1 : 
335, 1939 

14 Ackerman, N W Psychosom Med 1 366, 1939 

15 McDermott, N T , and Cobb, S Psychosom Med 1 203, 1939 

16 Benedek, T , and Rubenstein, B B Psychosom Med 1 245, 1939 

17 McFarland, R A A Research Nerv & Ment Dis , Proc 19 112, 1939 
Jolhffe, N ibid 19 144, 1939 Curran, F J ibid 19 154, 1939 Bloomberg, W 
ibid 19 172, 1939 Bromberg, W ibid 19 180, 1939 
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and marihuana The physiologic mechanisms operative m the production 
of emotional behavior were discussed by Bard and Fulton The physi- 
ologic changes caused by emotions were considered by another group of 
speakers Whitehorn showed that the heart rate, well known to be 
increased by emotional stimulation in normal and in neurotic persons, 
might show no change at all in psychotic patients Likewise, respiration 
IS a good indicator of the emotional content of the patient’s thoughts 
Asthma was discussed by Deutsch as one of the best examples of 
the psychogenesis of a medical symptom 

One of the discouraging things about the meeting was the loose 
way in which trained men used such terms as “physical,” “mental,” 
“organic” and “functional ” In difficult discussions in which clarity of 
meaning was important, the sense was usually obscured by the use of 
ambiguous terms 

I feel that it is impel ative for woikers m this field to give up 
undefinable terms and use simple medical language understood by all 
physicians, e g , “psychologic,” “neurologic,” “medical” and “surgical ” 
For example, in using the terms “medical” and “psychologic” one realizes 
that they have no biologic significance What is considered psychologic 
today may be medical tomorrow, and vice versa They represent, how- 
ever, useful administrative divisions of a hospital or university 

When a patient with hemiplegia comes to the hospital he is sent to 
the neurologic ward , a woman in labor goes to the obstetric pavilion , a 
patient with prostration and fever is sent to the medical ward, and a 
moody, depiessed man, to the psychiatric ward Obviously, the nurse 
in the admitting office and the intern m the emergency ward know that 
“medical,” “obstetric” and “psychiatric” are words that have a practical 
and fairly definite significance in that particular hospital They signify 
what service and which physician will care for the patient It would 
be better if the idea never entered the thoughts of the doctor or nurse 
that one set of symptoms was “physical” and jinother “mental,” one 
“organic” and the other “functional ” Unfoitunately, this idea often 
arises in the worst way , too often the physician’s attitude is that patients 
with “mental” or “functional” distuibances have “nothing nione”, but 
it IS obvious that there 'is “something wrong” when a patient has 
symptoms of any kind The physician merely expi esses that the situation 
is too complex for his diagnostic instruments or too subtle foi his mental 
caliber when he tells a patient that “there is nothing the matter” or “it’s 
all imagination ” Moreovei the patient usually recognizes the physician’s 
limitations and goes away to look up another doctoi , or often a quack 

18 Bard, P A Research Nerv &. Ment Dis , Proc 19 190 , 1939 

19 Fulton, J F A Research Nerv & Ment Dis , Pioc 19 219 , 1939 

20 Whitehorn, J C A Research Nerv & Ment Dis , Proc 19 256 , 1939 

21 Deutsch, F A Research Nerv & Ment Dis , Proc 19 271 , 1939 
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The source of this curious medical attitude lies perhaps in the 
tiainmg that medical students receive Brought up m the pathologic 
tradition of Virchow, taught that symptoms are caused by “lesions,” 
they come to believe that if they can see no lesion (macroscopically oi 
microscopically) the symptoms presented must have been due to some 
mythical process known as a “functional” state But it never seems to 
occur to them that a function must be a function of some sti uctui e, unless 
they invoke structureless supernatural agencies 

Thus It IS apparent that the dichotomies “mental” and “physical,” 
“functional” and organic” are inexact and misleading distinctions In 
a loose way they signify degiees of complexity, but that is all The 
knee jerk is called a “physical” reaction, but the moie complex 
reactions of the nervous system, such as memory, are called “mental ” 
This IS an illogical pioceduie, unless it is realized that there is a perfectly 
continuous sei les of moi e and moi e highly integrated responses between 
those two functions of the nerve tissue, and that the line between 
“physical” and “mental” is entirely arbitrary and meaningless Psj^cho- 
logic phenomena such as thinking, wishing and dreaming are just as 
much functions of the oiganism as aie breathing, running and digesting 
They are merely more complex and less understood Unless super- 
natural phenomena are accepted theie can be no functions of man othei 
than “organic” functions It is important not to let mythologic values 
creep into one’s thinking, as apparently one does when one speaks of 
“the intei relationship of mind and body ” 

Terms that have no definite connotation have no place m scientific 
discussion I theiefoie recommend that the useless and misleading 
terms “physical” and “mental,” “organic” and “functional,” and 
“somatic” and “psychic” be dropped, and that in their place definable and 
acceptable terms be used I submit that such teims as “medical,” neuio- 
logic,” “psychiatric,” “psychologic” and “anatomic” have useful mean- 
ings to most people, they tell to wdiat depaitment or to what professor 
the problem should be taken , they have no biologic significance , they 
are entirely practical and administrative Thus, by defining terms and 
omitting ambiguous words one clarifies this age-old subject of “psyche 
and soma ” One must put aside superstition, mythology, parallelism and 
othei outworn creeds, and accept simply the fact that all stimuli which 
play on an organism are physical, that all phenomena wdiich take place 
m the organism aie organic and that the psychologic processes, although 
the most complex, are not exceptions 

THERAPY 

Foi many years tieatment of neivous and mental disorders seemed 
to be making little headway Medical men were discouiaged and progress 
seemed to be only along psychologic lines The great contribution of 
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Freud (whose death is reported just as this leview is being written) has 
been already discussed in these pages" It will be yeais befoie his 
theories can be evaluated Many of his inspiied intuitions are doubtless 
coirect, but they cannot be looked on as facts until more data have 
accumulated and until they have been tested by other methods Munay 
has made a stai t m this dii ection In his book on the study of personality 
he shows how many methods of psychologic testing have been brought 
to bear on freudian postulates In general the results suggest that 
the postulates are valid Such investigation is gieatly needed because 
wholehearted acceptance of a “school of thought,” even if started and 
developed by a gieat man like Fieud, never leads to anything but 
woidy contioversy Whichever of the theories tuin out latei to be 
correct and which erroneous, one can be confident that some of them 
are coirect because one knows of many patients ^\lth psjchoneurosis 
who aie relieved by psychoanalysis — and “the proof of the pudding is 
in the eating” One also knows of failuies, and these are often widely 
known because the patients go on to piactitioneis of other tj pes Nevei- 
theless, Freud in his last years saw his method accepted as an impoitant 
implement of psychothei apy and knew that his theoiies had piofoundly 
afifected social thinking and artistic production 

During the last two years new forms of medical treatment for 
nervous disorders have appeared The doldrums in which medical thci apy 
stagnated wdiile psychotherapy pressed ahead have suddenly been dis- 
sipated, first by the ladical shock therapies and surgical proceduies -■* and 
now by sound progress in chemistry and physiology 

The growing understanding of vitamin deficiency has led to lemark- 
able improvement in the treatment of the psychoses, not onh those 
associated with specific syndromes, such as pellagra,-® but alcoholic 
psychoses, both acute and chronic,-” and psychoses of old people with 
failure of attention and memory Heie especially nicotinic acid appears 
to do wonders, when the physician might be too ready to make a diag- 
nosis of senility and arteiioscleiosis The role of thiamin in the neuntic 

22 Cobb, S Review of Neuropsychiatry for 1935, Arch Int Med 56 1287 
(Dec ) 1935, Review of Neuropsychiatry for 1936, ibid 58 1111 (Dec ) 1936 

23 Murray, H A Explorations in Personality, New York, Oxford Unn ersity 
Press, 1938 

24 Cobb, S Review of Neuropsychiatry for 1937, Arch Int Med 60 1098 
(Dec) 1937 

25 Williams, R R , and Spies, T D Vitamin Bi and Its Use in Medicine, 
New York, The Macmillan Company, 1939 

26 Wexberg, E Am J Psychiat 95 1127, 1939 

27 Cleckley, H M , Sydenstncker, V P , and Geeslin, L E Nicotinic Acid 
m Treatment of Atypical Psychotic States Associated with Malnutrition T A 
M A 112 2107 (May 27) 1939 
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aspect of these illnesses is of equal importance Old peisons \\ith 
muscular weakness and atiophy may well be m that vicious circle of 
poor appetite-asthema-less appetite, due not to circulatory distuibances 
and senility but to easily curable vitamin deficiency Nevertheless, caieful 
differential diagnosis is necessary, for only those neurologic disoideis 
specifically caused by vitamin lack will be helped by vitamin theiapi 
and many useless treatments have been given m cases of multiple 
scleiosis, muscular atrophy and dystrophy, paralysis agitans and ceiebial 
arterioscleiosis 

Epilepsy has continued as a point of active leseaich Meiritt and 
Putnam deserve a great deal of credit for developing a new drug, 
sodium diphenyl hydantomate,^® which inhibits convulsions in many cases 
without causing a feeling of sleepiness oi depression Moreovei, it is 
effective m some cases in which phenobarbital and bromides have not 
worked well For ceitam patients the most efficacious treatment has 
been a combination of sodium diphenyl hydantoinate gram [0 03 
Gm ] aftei each meal) and phenobarbital (IJ /2 grains [01 Gm]) at 
night The dose is, of couise, determined only after trial with each 
patient 

Benzedime sulfate has now been used for several years and has 
been tiied m the treatment of many diseases In cases of narcolepsy 
it has pioved to be a valuable lemedy,^^ but there are dangers in exces- 
sive dosage It has been of benefit m many cases of paralysis agitans, 
especially in those with inertia, slowness and more rigidity than tremor 
It IS best used 111 conjunction with one of the atropine series Because of 
the enlivening effect which the drug has on most normal persons, it was 
expected that it would be of use m the treatment of both neurotic and 
psychotic depressions Unfoitunately, the results of treating such con- 
ditions with benzedime have been disappointing The patients have 
become somewhat more active, as a rule, but their restlessness has often 
given use to an agitation worse than the depression Davidoff and 
Reifenstem have found that catatonic schizophrenia can sometimes 
be improved by large daily doses Some patients with mildly depressed 
mood and lack of energy have been benefited Especially inteiesting in 
this regal d is Bloomberg’s®^ experience m the tieatment of alcoholism 

28 Merritt, H H , and Putnam, T J Sodium Diphen 5 d Hydantoinate in the 
Treatment of Convulsive Disorders, JAMA 111 1068 (Sept 17) 1938 

29 Put on the market by Parke, Davis & Co as “dilantm ” 

30 Reifenstem, E C, Jr, and Davidoff, E New York State J Med 39 42 
1939 

31 Prinzmetal, M , and Bloomberg, W Use of Benzedrine for Treatment of 
Narcolepsy, JAMA 105 2051 (Dec 21) 1935 

32 Dawdoff, E , and Reifenstem, E C Psychiatric Quart 13 127 1939 

33 Bloomberg, W New England J Med 220 129 193Q 
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He gave benzedrine sulfate to 21 alcoholic patients in doses of 10 mg , 
in the morning and at noon, with larely a third dose in the evening, 
14 of these patients found that the “lift” given them by the drug made 
It easier to keep away from alcohol, and 6 of them abstained from its 
use foi six months It seems probable that one type of alcoholic persons 
can be distinctly helped in this way The dangers of insomnia, hyper- 
tension and habit formation must be guarded against 

Potassium has been found to give relief fiom iMenieie’s disease This 
most incapacitating foim of vertigo occurs in a definite setting Theie 
are sudden attacks of dizziness with tinnitus, followed by nausea, vomit- 
ing and even unconsciousness The disease occuis i\ith progiessne 
deafness, but little is known of the pathologic pictuie'’'* Formcrl} 
the chief method of medication was scdatne In 1934 Furstenbeig 
and his associates lecommended ammonium chloiide and a saltless 
diet This met with success in some cases, but was difficult to 
carry out for most patients Now Talbott, Broun Coombs and Con- 
solazio have shown that the pathogenesis of Meniere’s disease is not 
1 elated to hydration, alkalosis or high sodium intake The symptoms 
can frequently be relieved by the simple administration of potassium 
chloride in 25 per cent solution, about 6 Gm per da} For stubborn 
cases surgical division of the vestibular nerve is necessary Injection of 
alcohol is to be avoided 

In the field of myopathy headway is at last being made The use 
of prostigmme for myasthenia giavis, both h} podermicalh and by 
mouth, has proved to be eflective Many patients who u ould have 
been helpless oi dead are now leading fairly active Ines ouing to this 
drug, but it must be administered six or eight times a da\ 

Myotonia congenita is a rare disordei in u Inch muscular contraction 
leads to contracture and the patient is unable to relax in time to make 
the next necessaiy movement As a symptom it occurs in sjndromes 
such as dystrophia myotonica Kennedy and Wolf®® have shoun that 
the muscular spasm of “myotonia” may be leheved by quinine Anothei 
lare disease, also inherited, is familial periodic paral}sis liere the 

34 Cairns, H , and Hallpike, C S , in discussion on jMcnicic’s Svndionie, Lancet 
1 1163 and 1171, 1938 

35 Furstenberg, A C , Lashmet, F H , and Lathrop, F Ann Otol , Rhin iS. 
1 aryng 43 1035, 1934 

36 Talbott, J H , Brown, M R, , Coombs, F S , and Consolazio, W V Proc 
Soc Exper Biol & Med 38 421, 1938 

37 Viets, H R , Mitchell, R S , and Schwab, R S Oral Administration of 
Prostigmme in Treatment of Myasthenia Gravis, JAMA 109 1956 (Dec 11) 
1937 

38 Kennedy, F, and Wolf, A Quinine in Myotonia and Piostigmme in 
Myasthenia Clinical Evaluation, JAMA 110 198 (Jan 15) 1938 
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patient gradually goes into flaccid quadriplegia, which ina} last foi 
hours Several workeis have found that the administration of potas- 
sium chloride immediately cures the paralysis 

THE MYOPATHIES 

The investigations that have led to these improvements m the therapy 
of the myopathies have also given to the physiologist data of funda- 
mental impoitance concerning the function of muscle, and to the clini- 
cian facts that help m the classification of muscle disease Myasthenia 
gravis IS made worse by quinine and relieved by piostigmme and 
potassium Myotonia congenita is aggravated b}- pi ostigmme and rehe\ ed 
by quinine and calcium The very antagonism of these two musculai 
disorders points to a relationship Family periodic paralysis is relieved 
by potassium, and attacks may be brought on by ingestion of dextiose 
The details of these metabolic interrelationships are 3’'et to be worked 
out In general, they indicate that the disorder lies in the muscle, not 
111 the nervous system, if the myoneural junction is consideied part of 
the muscle The pathologic extremes of muscular conti action seen m 
these diseases are contracture, on the one hand, and paralysis, on the 
other Bremer considers that the premature, undeveloped muscle 
may have a pathologic susceptibility to contracture This may be the 
phenomenon of “myotonia” seen as part of the syndrome of some mus- 
cular dystrophies, especially the type known as dystiophia myotomca 
When the symptom appears alone it is called Thomsen’s disease or 
myotonia congenita At the other end of the line is family periodic 
paralysis, related by such intermediate syndromes as myasthenia giavis, 
progressive muscular dystrophy, myotonia congenita and dystiophia 
myotomca These form one closely allied group of muscular disorders, 
the familial myopathic group The familial myelopathic gi oup is entirely 
different, having lesions of the cord and secondar}- atrophies 

SCHIZOPHRENIA AND MANIC-DEPRESSIVE PSYCHOSIS 

Kraepelin’s sharp differentiation between these two types of psy- 
chosis has long been viewed with skepticism by leading psychiatiists It 
IS apparent that the extreme conditions (the typical or “textbook” syn- 
dromes) are quite distinct In schizophi enia the difficulty is vith the 

39 Herrington, M S Successful Treatment of Two Cases of Familial Periodic 
Paralysis with Potassium Citrate, JAMA 108 1339 (April 17) 1937 Pudenz, 
R H , McIntosh, J F , and McEachern, D Role of Potassium in Familial 
Periodic Paralysis, ibid 111 2253 (Dec 17) 1938 Gammon, G D Proc Soc 
Exper Biol & Med 38 922, 1938 

40 Kolb, L C , Harvey, A M , and Whitehill, M R Bull Johns Hopkins 
Hosp 62 188, 1938 

41 Bremer, F J Physiol 76 65, 1932 
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content of thought, theie are fixation on topics and false systematization 
of ideas In contrast to this, the manic-depressive psychoses are essen- 
tially disorders in mood which dominate the peisonahty and may cause 
long periods of depiession or elation Moreover, there is sti iking evi- 
dence that schizophi enia is inherited as a recessive chai actei ,•*= uhile 
the manic-depressive personality seems to act more like a dominant 
character in its inheritance Foi example. Slater found that the par- 
ents and children of manic-depressive patients have sixty times as great 
a likelihood of being affected as have similaily studied normal contiols 
(19 7 per cent in families of patients, as compared with 0 3 pei cent in 
a control gioup) Such are the distinctions beU\een the typical psy- 
choses Neveitheless, it is becoming moie evident that the two s}n- 
dromes overlap and that the one merges into the other In fact, most 
cases cannot be clearly classified because there is disturbance both of 
mood and of topical thought, and even the conspicuously schi/ophrcnic 
leactions, such as catatonia, may be cyclic and swing from stupor to 
excitement 

Such clinical observations have long made investigatoi s speculate 
as to some chemical cause for these ps}choses, some metabolic vaiiation 
that would explain the changing mental state The gieat difficulties 
involved in caieful metabolic studies of uncooperative patients have 
however, prevented progress and vitiated many observations Gjessing '' 
deserves great credit for having patiently and slowly met all obstacles 
to metabolic lesearch on psychotic patients, dining the last ten }eais 
he has made carefully controlled observations on a gioup of patients 
with periodic psychoses of the catatonic type On some patients repeated 
anal3fses of the blood and urine and deleiminations of oxigen con- 
sumption have been made over periods of years, with hundieds of obser- 
vations on each patient The lesults are published in three important 
papers The main conclusion is that there exists one t} pe of cyclic 
psychosis in which the mental changes run parallel with a periodic 
variation in nitrogen balance Retention is observed dining the more 
noimal period, with a pealc at the onset of stupor, then oieicxcietion 
begins, and the mental symptoms disappear in a few' days The basal 
metabolic rate is lowei duiing the peiiod of retention and highei during 
the period of overexcietion Many othei laborator}' and clinical obsci- 
vations were made, but these aie the most significant Of peihaps moie 
practical importance is Gjessmg’s discovery that thyioid medication wnll 

42 Kallmann, F J , and R 3 'pins, S J The Genetics of Schizophrenia, New 
York, J J Augustin, Publisher, 1938 

43 Slater, E Ztschr f d ges Neurol u Psychiat 163 1, 1938 

44 Gjessing, R J Ment Sc 84 608, 1938 

45 Gjessing, R Arch f Psychiat 96 319, 1932, 104 355, 1935, 109 525 
1939 
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greatly improve some of these patients, the nitrogen retention is pre- 
vented and the cyclic psychosis disappears He emphasizes the fact 
that in most psychiatric patients this relationship of Pathophyswlogie 
to mental symptoms is not found, that he is desciibmg a small gioup 
Nevertheless, the important fact is that many good psychiatrists have 
for years believed that the cyclic psychosis had an origin based on 
metabolic dysfunction, and now Gjessmg has brought evidence indicating 
that this IS true in recurrent catatonic stupor Even though he gives 
many cases m which the lesults are confusing, that means only that the 
methods are as yet too crude to determine the exact mechanisms 

The “shock treatment” of psychoses goes on with somewhat dimin- 
ished enthusiasm A critical survey of the results is well nigh impossible 
because of the difference m terminology used by the members of different 
hospital staffs and the different standards of “improvement” and “remis- 
sion ” Nevertheless, it is apparent that the onginal claims of “80 per 
cent remission” were statistically unsound The better conti oiled results 
in this country indicate that the shock treatment in cases of early schizo- 
phienia causes remissions sooner than could be expected with general 
hospital care, but that these remissions occur with no greater frequency 
than when good, individual psychiatric therapy of the conservative type 
IS used In patients with chronic disease the shock treatment often 
improves the mental status so that they can be moved from a ward for 
disturbed patients to a better environment, but rarely is there a remis- 
sion that allows the patient to return home, and gradual reversion to 
the formei state is the rule A “total push” with extra nursing, occupa- 
tion and exercise has been shown to accomplish as good results as the 
convulsive therapies One feels doubtful of the ethical standards that 
allow “shock treatment” to be given for the purpose of making nursing 
easier for the hospital administration It comes dangerously close to 
punishment, and logically one might ask “Why not euthanasia^” It 
IS devoutly to be wished that the ciude empiric methods of shock and 
convulsion will soon be replaced by scientifically controlled procedures 
that are known to do no harm to the brain 

■ r 

46 Gelpenn, J Spontaneous Remissions in Schizophrenia (Cincinnati General 
Hospital, 1933-1937), JAMA 112 2393 (June 10) 1939 Guttmann, E, and 
Mayer-Gross, W J Neurol & Psychiat 2 25, 1939 

47 Myerson, A Am J Psychiat 95*1197, 1939 Tillotson, K J ibid 95* 
1205, 1939 
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Physical Diagnosis By Richard C Cabot and F Dennctte Adams Twelfth 
edition Price, §5 Pp 846, with 391 illustrations Baltimore William Wood 
& Company, 1938 

The reviewer, who learned ph 3 Sical diagnosis from the fourth edition, is 
amazed to note the increase in size of the book m the present (twelfth) edition 
One wonders what there is to add to a subject such as physical diagnosis Yet 
m looking over the present volume one has no feeling of anything superfluous 
Cabot still undoubtedly holds his own in the forefront of authors of texts on 
physical diagnosis Here and there one might comment on a small point — foi 
example, on page 99 under the subject of the breath it is noted that a “inousej 
breath indicates pronounced hepatic failure This is presented apparently as a 
new observation, although the characteristic odor of the breath in cirrhosis was 
described many y^ears ago by Umber as “fetor hepaticus” and is certainly no 
novelty 

Handbook of Histological and Cytological Technique By R R and S H 
Bensley Price, §2 Pp 167 Chicago Unncrsity of Chicago Press, 1938 

Bensley and Bensley have prepared a comprehensne manual of laborator^ 
methods for tlie histologic worker which should pro\e \aluablc 

In the section on technics for the study of fresh tissues the authors discuss 
supravital stains, microdissection, tissue transplants into the anterior chamber of 
the eye and the Altmann-Gersh freczing-dryung method 

They present not only all the older standard technics for the preparation and 
staining of fixed tissues but more recently introduced methods, such as the use of 
dioxane (diethydene dioxide) in dehydration The book includes a section on the 
care of the microtome, sharpening of the knife and maintenance of laboratory 
equipment A copy of this handbook should be in eiery histologic laboratory 

The Proceedings of the Charaka Club Volume IX Price, ?5 Pp 204, with 
illustrations New York Richard R Smith, 1938 

The reviewer has looked with pleasure through the delightful ■volume of trans- 
actions of the Charaka Club It seems a pity that the proceedings of an intimate 
group, meeting not only on scientific but on social grounds, should be thrown open 
to the public by placing the book on the general market kicmbeis speak m 
serious or in lighter vein, and while many of the ai tides represent original in\esti- 
gation of medical-histoncal subjects, others are obviously occasional pieces or 
at least discourses intended for an intimate group Ordinarily material of this 
sort IS held as a rather closely guarded treasure for the members of whatever 
club or society is in question 

Studies on the Size of the Red Blood Cells, Especially in Some Anemias 
By Erik Mogensen Pp 216, with 32 figures and 29 tables Copenhagen 
Ejnar Munksgaard, London Oxford University Press, 1938 

Dr Mogensen’s handsome monograph on the size of the red blood cells seems 
to include all there is to be known on this subject There are chapters on methods 
of determining the size of the red cells, followed by the author’s measurements 
for normal persons and finally detailed discussions of the size of the cells in 
various diseases There are many interesting tables and curves as well as a 
bibliography of 302 references The book should be of great use to the hema- 
tologist and the special student 
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Archives des maladies professionnelles, hygiene et toxicologie industri- 
elles Vol 1, No 1, 1938 

This new publication is devoted to occupational disease, the increasing impor- 
tance of problems related to health in industry having prompted its appearance 
The management proposes to publish every two months original manuscripts, 
resumes and abstracts of the French and foreign literature and reports on current 
events (legislation, work of institutes and compensation laws) This eighty page 
journal should be of value to those interested in this phase of medicine 

Clinical Biochemistry By Abraham Cantarow and Max Trumper Second 
edition, revised Price, $6 Pp 66, with 11 tables and 15 figures Phila- 
delphia W B Saunders Company, 1939 

This book deals briefly and somewhat diagrammatically with clinical bio- 
chemistry from the point of view of the practicing physician There is a great 
deal of useful information which gives one a quick orientation on biochemical 
matters Here and there one feels the lack of discussion of fundamentals, but 
further discussion would doubtless increase the size of the book unduly The 
reviewer is inclined to criticize the chapter on gastric function, which is inadequate 
and deals with the subject from an out of date point of view On the whole, tlic 
book should be helpful to the busy practitioner 


News and Comment 


Award o£ Certificate of Merit — Dr William Washington Gra\es, pio- 
fessor of neuropsychiatry, St Louis University School of Medicine, was awarded 
a certificate of merit and a gold medal for scientific accomplishment for his classi- 
fication of scapulas and other inherited characters and for his disco\ci-y of the 
age incidence principle of investigation, at a meeting of the St Louis Medical 
Society held in his honor on Oct 24, 1939 This is only the third occasion on 
which the St Louis Medical Society has given this certificate of merit for scien- 
tific accomplishment The aw'ard W'as first given to Dr E\arts A Graham and 
his associates Drs Glover H Gopher, Warren H Cole and Sherwood IMoore, 
on June 7, 1927, for their work on cholecystography, and next to Dr Edw'ard A 
Doisy, on March 19, 1935, for his achievements in hormone chcmistr\ and 
physiology 


Notices 


CUMULATED INDEX OF THE ARCHIVES OF 
INTERNAL MEDICINE 

Requests have been received for a twenty yeai index of the ARCiin ks 
or Internal Medicine Before serious consideiation is gnen to the 
production of a cumulated index, it is dcsiiable to know whetliei the 
demand for it would be sufficient to wan ant its sale at not to exceed S5 
a copy It will be appieciated if those who are inteiested in such an 
index will fill out and send the form t\hich appeals below to the 
Managing Editor at the publication office, 535 Noith Dearborn Stieet, 
Chicago 


I SHOULD BE WILLING TO SUBSCRIBE TO A CUMU- 
LATED INDEX OF THE ARCHIVES OF INTERNAL MEDICINE 
AT $5 00 


NAME 

ADDRESS 


DATE 
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Book RoMews and Obituaries are grouped to- 
gether and are Indexed under those headings In 
alphabetical order under the letters B and 0 

Abnormalities and Deformities See under 
names of organs and regions 
Abscess See under names of organs and 
regions 

Accommodation See Eyes, accommodation and 
refraction 

Acetarsone, adult syphilitic patients treated 
orally with acetarsone, 1081 
Acetylcholine See Choline and Choline De- 
rivatives 

Acid, Ascorbic See Vitamins C 
Cevitamic See Vitamins, C 
Acid-Base Equilibrium, studies on destruction of 
red blood cells , chronic hemolytic anemia 
uith paroxysmal nocturnal hemoglobinuria, 
investigation of mechanism of hemolysis 
with observations on 5 cases, 1271 
Acrocyanosis See Cyanosis 
Actinomyces bovls, bacterial endocarditis, re- 
port of case in which cause was Actino- 
myces bovls, 84 

Addison’s Disease and shock, 967 
Adrenal Preparations, action on blood flow in 
femoral artery, 602 

effect of epinephrine on coronary arteries, 264 
Adrenals, endocrine types of hypertension, 635 
expression of adrenin, 1232 
hematoma of adrenal gland, 1232 
tumors of, modifled air injection roentgen 
technic for demonstrating cortical and me- 
dullary tumors, 1222 

Age, sex and hypertension in myocardial in- 
farction due to coronary occlusion, 767 
Agranulocytosis See Granulocytopenia 
Air, transport along sheaths of pulmonic blood 
vessels from alveoli to mediastinum, clini- 
cal implications, 913 

tumors of adrenal glands, modifled air in- 
jection roentgen technic for demonstrating 
cortical and medullary tumors, 1222 
Air Passages See Respiratory Tract 
Albuminuria, intercapillary glomerulosclerosis , 
syndrome of diabetes, hypertension and 
albuminuria, 1252 

Aldarsone, Therapy See under Syphilis 
Alimentary Tract See Digestive Tract 
Allergy See Anaphylaxis and Allergy 
Altschule, M D Effects on cardiovascular sys- 
tem of man of fluids administered intra- 
venously , studies of glomerular filtration 
rate as measured by urea clearance, 505 
Aminopyrine as cause of granulocytopenia, 170 
experimental production of neutropenia with 
aminopyrine, 26 

Ammonia and Ammonium Compounds See also 
Choline and Choline Derivatives 
ammonia as cause of anemia, 154 
Amputation for vascular disease, 654 
Amyloidosis, multiple myeloma associated with 
nodular deposits of amyloid in muscles and 
joints and with Bence Jones proteinuria, 820 
Anaphylaxis and Allergy, anaphylaxis and 
shock, 969 

diagnosis of hypersensitiveness to bee and to 
mosquito with report on successful specific 
treatment, 1306 

Anemia, Agranulocytic See Angina, agranulo- 
cj^tic 

and carbon tetrachloride, 153 
blood in disease of kidnejs, 156 


Anemia — Continued 
changes in blood, 260 
Hemolytic See also Jaundice, hemolytic 
hemoljtlc, studies on destruction of red blood 
cells, chronic hemolytic anemia with par- 
oxysmal nocturnal hemoglobinuria, investi- 
gation of mechanism of hemolysis with 
observations on 5 cases, 1271 
of pregnancy, 148 
pernicious, limitations of biopsy 
marrow, 121 

physical agents as cause of 151 
splenic, Banti’s disease, 166 
splenic , Niemann-Pick disease, 

Christian disease, Gaucher disease and 
lipoid histiocytosis, 205 
Anesthesia, reflex coronary 
lowing sudden occlusion 
branches, 661 
Aneurysm and syphilis, 1100 
arterial, treatment of, 647 
arteriovenous, 614 
arteriovenous, treatment of, 647 
procedures for treatment of, 647 
ventricular, electrocardiographic findings in 
cases of, 493 

Angina, Agranulocytic See Granulocytopenia 
Angina Pectoris in hereditary xanthomatosis, 
675 

Angiospasm See Arteries, spasm 
Animals as hosts of infectious agents of man. 
385 


of sternal 


Schuller- 


arterv spasm fol- 
of other coronary 


Aorta, fall in aortic blood pressure in myocar- 
dial Infarction, 257 
Syphilis See Aortitis, syphilitic 
Aortitis, syphilitic, 1100 
syphilitic, aortic syphilis in rabbits, 1057 
Argyll Robertson Pupils See under Pupils 
Arsenic and Arsenic Compounds See also Ace- 
tarsone , Arsphenamlnes , Tryparsamlde , etc 
placental transmission of arsenic, 1116 
relation of vitamin C to arsenical reactions, 
1086 

Therapy See Syphilis 
Arsphenamlnes See also under Svphilis 
action of arsphenamlnes and bismuth com- 
pounds in vitro, 1077 

agranulocytosis after treatment of syphilis 
with neoarsphenamlne, 1085 
desensitization with, 1087 
gastrointestinal reactions after treatment of 
syphilis with, 1086 
hemorrhagic encephalitis due to, 1086 
solusalvarsan in syphilis, 1080 
solvents for, 1087 

Arteries See also Aneurysm , Aorta , Arterio- 
sclerosis , Blood pressure , Blood vessels , 
Embolism , Periarteritis , Thrombosis , etc 
coronary, effect of acetylcholine on, 264 
coronary, effect of epinephrine on, 204 
coronary, myocardial infarction without sig- 
nificant lesions of, 249 
extracardiac reflexes affecting coronary flow, 
263 

Inflammation See Periarteritis 
phasic variations in coronary flow, 258 
reflex coronary artery spasm following sud- 
den occlusion of other coronary branches, 
661 

spasm, angiospastic disturbances, 613 
Arteriosclerosis, 607 

reflex coronary artery spasm following sud- 
den occlusion of other coronary branches, 
661 

vascular disease and hvpertenslon, 943 
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Arthritis ind circulation, G14 

chronic phosphatase activitj in, 483 
Ascorbic Acid See Vitamins, C 

Bacteria See also Staphylococci, Streptococci 
etc 

Pasteurella Infections, 394 
review of meningitis due to Micrococcus tctra- 
genus , report of 1 case with bactcriologic 
studa, 15 

Shigella See Dysentery 
Banti’s Disease See Anemia, splenic 
Beck, W C Vascular diseases, realew of some 
of recent literature, avith critical rcalcav of 
surgical treatment, 510 

Bees diagnosis of hypersensitiveness to hoe and 
to mosquito aaitli report on successful treat- 
ment 1306 

Benson, It L Diagnosis of hypersensltlacness 
to bee and to mosquito aalth report on suc- 
cessful specific treatment, 1306 
Benzedrine sulfate, action of drugs on vaso- 
spastic phenomena, 601 
Benzene poisoning and anemia, 152 
Bethell, T H Blood , review of literature, 148 
Bile, bilirubin and urobilin content of bile ob- 
tained bv duodenal drainage , normal values 
and a allies for patients avith cholecystitis, 
445 

Bile Ducts See Blliara Tract Gallbladder 
Biliary Tract See also Gallbladder , Liver 
clinical significance of variations in serum 
phosphatase in hepatic and biliary disor- 
ders, 348 

Bilirubin and urobilin content of bile obtained 
by duodenal drainage , normal values and 
values for patients with cholecystitis, 445 
Biophotometer See Eyes accommodation and 
refraction 

Biopsy See Bones, marron 
Bismuth and Bismuth Compounds See also 
Syphilis 

action of arsnhenaraines and bismuth com- 
pounds in ritro, 1077 
concentration in tissues 1082 
jaundice from bismuth, 1089 
oral administration in syphilis 1081 
toMcity, absorption and excretion of bismuth 
1083 

treatment of syphilis with bismutli compounds 
In combination, 1084 
Bladder In neurosyphllls, 1105 
Blood See also Lrvtlirocy tes , Leukocytes 
chemistry, blood ‘guanidine”, further obser- 
vations, 988 

Circulation See also Arteries , Capillaries , 
Cardiovascular Diseases, Heart, Bctlna, 
blood supply , etc 
circulation and arthritis, 614 
ciiculation , influence of posture on circula- 
tion time, 599 

coagulation, clotting and aitarains 163 
Diseases See Anemia, Leukemia, etc 
elevation of urea nitrogen content of blood 
following hematemesis or molena, 1239 
hematology of sternal marrow and venous 
blood of pregnant and of iionpregnant 
women, 471 

hemolytic jaundice. Immediate and delayed 
changes in blood after splenectomy, 268 
loss, and shock, 959 

phosphatase, clinical significance ofaarlatlons 
in hepatic and biliary disorders, 348 
pressure , blood ‘ guanidine” , further observa- 
tions, 988 

pressure, experimental renal InsuCDclency pro- 
duced by partial nephrectomy , diets con- 
taining dried extracted liver, 513 
pressure , experimental renal insuIBciency pro- 
duced by partial nephrectomy , diets con- 
taining dried extracted meat, 526 


Blood — Continued 

pressure , experimental renal Insufllclenci 
produced by partial nephrectomy , diets 
containing avhole dried yeast, 750 
pressure experimental renal Insufllcicncx pro- 
duced by partial nephrectomy , summan of 
effect of whole liicr, wliole meat extracted 
ll\er and extracted meat diets on renal 
hynertrophy renal function, blood pressure 
and cardiac Inpcrtrophy, 717 
pressure high , age, sex and hypertension in 
myocardial infarction due to coronary occlu- 
sion, 707 

pressure high, and endocrine dysfunction 939 
pressure high arterial hypertension, 023 
pressure high, disorders of nervous system 
and hypertension, 933 

pressure high, endocrine types of hyperten- 
sion, 635 

pressure, high. Incidence of fatal cardlmas- 
cular disease in Charleston S C, witli ref- 
erence to hypertension 971 
pressure, high intercaplllan glomerulosclero- 
sis syndrome of diabetes hypertension and 
albuminuria, 1252 

presstire, high organic renal disease and hy- 
pertension, 930 

pressure high, pathogenesis 020 
pressure high , jiathology of hypertension 611 
pressure, high studies on "essential’ In per- 
tenslon , classification, 927 
pressure, high surgical treatment of hyper- 
tension 650 

pressure high thlocvanato dermatitis, report 
of case, 579 

pressure higii vascular disease and hyper- 
tension, 913 

pressure oscillometry GOO 
pressure-raising reflexes 630 
pressure range of normal blood pressure 
statistical and clinical study of 11,383 per- 
sons 409 

proteins by pcrprotelncmla in nncloma, 1001 
reylcw of literature 143 
sedimentation , total dilVerential and absolute 
leukocyte counts and sedimentation rates 
determined for hcaltliy persons 19 years of 
ago and over 105 

sugar, deleterious effects of cxpirimcntal pro 
tamlnc insulin shock, 907 
sugar, optimum time for administration of 
protamine zinc Insulin 897 
transfusion syphilis, 1096 
ycsscls, main cause of death a vascular con- 
dition, 47 

yesscis, transpoit of air along sheaths of 
pulmonic blood yesscis from alveoli to me- 
diastinum, clinical Implications 913 
yesscis, use of heparin in surgical operations 
on, 640 

yolume, hematologic methods, 210 
Blumgart, H L "Cardiac cirrhosis’ of llycr 
clinical and pathologic study, 457 
Body psychosomatic relations, 1329 
Bocck's Sarcoid See Sarcoid 

Bones, Diseases See Osteitis, Osteomyelitis, 
etc 

marroyv, 208 

marrow , hematology of sternal marroyy and 
yenous blood of pregnant and of nonpreg- 
nant yyomen, 471 

marrow , limitations of biopsy of sternal mar- 
royy, 121 

polyostotic fibrous dysplasia, report of case, 
280 

Book REvinyys 

Adventures in Respiration Modes of Asphyx- 
iation and Methods of Resuscitation , Y 
Henderson, 407 



INDEX TO VOLUME 64 


1345 


Book Reviews — Continued 
Archives des maladies professlonnelles, hj- 
glene et toxlcologle mdustnelles, 1341 
Arntmlas en clmlca , A Battro, 407 
Cause and Prevention of Disease, W H Per- 
kins, 888 

Clinical and Experimental Use of Sulfanil- 
amide, Sulfapyrldine and Allied Compounds , 
P H Long and E A Bliss, 216 
Clinical Biochemistry , A Cantarow and M 
Trumper, 1341 

Diabetes Insipidus and Neuro-Hormonal Con- 
trol of Water Balance Contribution to 
Structure and Punction of Hypothalamlco- 
Hypophyseal System , C Pisher, W E In- 
gram and S W Ranson, 660 
Duodenum, atlas de radiologic cllnique, P 
Cottenot, M Levy and E Chdrigie, 1132 
Dystrophies dentaires de la syphilis heredl- 
taire , L Lebourg, 890 
Endocrine Glands , M A Goldzieher, 888 
Essentials of Pathology , L W Smith and 
E S Gault, 660 

Fundamentals of Internal Medicine , W M 
Yater, 1129 

Handbook of Histological and Cytological 
Technique, R R Bensley and S H Bens- 
ley, 1340 

Historical Chronology of Tuberculosis , R M 
Burke, 890 

Insulin Its Chemistry and Phjslology, H F 
Jensen, 1129 

Internal Medicine Its Theory and Practice in 
Contributions by American Authors , edited 
by J H Musser, 889 

Iodine Metabolism and Thyroid Function, A 
W Elmer, 1131 

Kaffee und Ivaffeln, 0 Elchler, 1131 
Kvantitatne urinsediments hesteramelser Et 
bidrag til bels suing af protcinspdrgsmaalet 
ved nefritisdiaten , A Naeraa, 214 
Malignant Tumors of Skeletal Muscles 
Fasciae, Joint Capsules, Tendon Sheaths 
and Serous Bursa , G Jonsson, 406 
Medical Applications of Short Wave Current, 
W Bierman, 408 

Parasitology, with Special Reference to Man 
and Domestic Animals, R Hegner, F M 
Root, D L Augustine and C G Huff, 1130 
Physical Diagnosis , R C Cabot and P D 
Adams, 1340 

Physikalische Theranie , H Lampert, 1132 
Practice of Medicine , J C Meakins, 659 
Proceedings of Charaka Club, Vol IX, 1340 
Progressive Relaxation , E Jacobson, 890 
Rheumatische Kreislaufschadigungen , S Die- 
trich, 406 

Scarlet Fever, G F Dick and G U Dick, 
1131 

Stability of Transfused Erythrocytes, H J 
N Ilekkers, 889 

Studies on Size of Red Blood Cells, Especiallj 
in Some Anemias , E Mogensen, 1340 
Sulfanilamide Therapy of Bacterial Infec- 
tions, R R Mellon, P Gross and F B 
Cooper, 659 

Survey of Carbon Disulphide and Hjdrogen 
Sulphide Hazards in Viscose Rayon Indus- 
try, 890 

What a Universitv President Has Learned, 
A L Lowell, 1130 

William B Wheiry, Bacteriologist, M 
Fischer, 657 

Brain See also Nervous System, etc 
and peptic ulcer, 841 

gastrointestinal sjmptoms in association with 
intracranial disease, 841 
gumma, treatment of, 1113 
intracerebral carcinomatous metastases, 542 
Branch, C F Periarteritis nodosa, report of 
case, 1133 


Bright’s Disease See Nephritis 
Brownlee, I E Total, differential and abso- 
lute leukocjte counts and sedimentation 
rates determined for health} persons 19 
years of age and o\er, 105 
Brucer, M Range of normal blood pre-isure , 
statistical and clinical study of 11,383 jicr- 
sons, 409 

Buchbinder, W C Heart failure in subacute 
bacterial endocarditis, 336 
Bulletin of Societe d’Endocrinologie, 650 
Butt, E M Experimental production of neu- 
tropenia with aminopyrine, 26 

Calcification, metastatic, report of 2 cases, 130 
Calcinosis See Calcification 
Calcium and digitalis synergism, toxicity of 
calcium salts injected intraienously into 
digitalized animals, 322 
and phosphorus in myeloma, 1000 
Cancer See also Tumors and under nanios of 
organs and regions, as Brain, Liver, Stom- 
ach , etc 

intracerebral carcinomatous metastases, 512 
Cantarow, A Polyostotic fibrous dysplasia 
report of case 280 

Capillaries, 600 See also Blood vessels 
fragility, action of hesperidin (yitamln P) on 
002 

Intercapillary glomerulosclerosis, syndrome of 
diabetes, hypertension and albuminuria, 
1252 

Cardioyascular Diseases See also Blood ves- 
sels , Heart 

incidence of fatal cardiovascular disease in 
Cliarleston S C, yyith reference to hyper- 
tension, 971 
syphilis, 1098 

Cardioyascular System See also Arteries, 
Blood vessels. Heart, etc 
effects on man of fluids administered intra- 
venously, studies of glomerular filtration 
rate as measured by urea clearance, 505 
Cells, nature of myeloma colls, 1009 
Cerebrospinal Fluid, false iiositlye icactions of 
spinal fluid for syphilis, 1008 
Chancre, involvement of pehic nodes in cer 
vical cliancre, 1091 

Chaniitin, A Experimental renal insuflicienry 
pioduced by partial neplirectomy , diets con- 
taining dried extracted liier, 513 
Experimental renal insufficiency produced by 
partial nephrectomy , diets containing dried 
extracted meat, 520 

Experimental renal insufilcieiicy produced by 
partial nephrectomy , diets containing yyholc 
dried yeast, 750 

Experimental renal insufficiency produced by 
partial nephrectomy , summary of effect of 
yyhole liver, yyholc meat, extracted llycr and 
extracted meat diets on renal liypertrophy 
renal function blood pressure and cardiac 
hypertrophy, 747 

Chemotherapy See under Syphilis 
Chest See Thorax 
Cholecystitis See Gallbladder 
Choline and Choline Derlvatiyes See also Bile 
effect of acetylcholine on coronary arteries 
204 

Choriomeningitis See Meningitis 
Christlan-Schuller Syndrome See Schuller- 
Chrlstlan Syndrome 
Cigarets See 'Tobacco 

Cobb, S Reyieyv of neuronsychlatry for 1939, 
1328 

Cohen, \\ Total, differential and absolute 
leukocyte counts and sedimentation rates 
determined for healthy persons 19 years of 
age and oyer, 105 

Colds See Respiratory Tract, diseases 
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Cole, G C Structural changes in lungs of 
drug addicts, 1039 
Colitis, ulcerative, 401 
ulcerative. Infantilism In, 1187 
Colon See Gastrointestinal Tract, Intestines 
Coma See under Diabetes Mellltus 

Communicable Diseases See also Meningitis, 
Syphilis, etc 

acute infectious diseases and shock, 900 
animals as hosts of Infectious agents of man. 


fever of infectious disease, 807 
infectious diseases, 362 

sulfanilamide and sulfapyrldlne (2-[para- 
amlnobenzenesulfonamido] - pyridine) in 
treatment of various Infections, 362 
Constitution, constitutional factors in neuro- 
syphilis, 1104 

Cope, 0 Tumors of adrenal glands, modlQcd 
air injection roentgen technic for demon- 
strating cortical and medullary tumors, 1222 
Cotter E F Boecks sarcoid, autopsj In case 
with visceral lesions, 280 
Crago F H Evaluation of sulfanllamldo In 
treatment of patients with subacute bac- 
terial endocarditis, 228 

Crynes, S F Traumatic rupture of pericar- 
dium, study of 22 cases, with year 
period of survival In 1 case, review of lit- 
erature, 719 

Cunningham, R Hcmolj tic jaundice , imme- 
diate and delayed changes In blood after 
splenectomy, 208 
Cjanosis, acrocyanosis, 016 
Cysts See under names of organs and regions 


Dack, S Age, se-? and hjpcrtcnslon in mjo- 
cardlal Infarction due to coronary occlu- 
sion, 707 

Cardiac sequelae of embolism of pulmonarj 
artery, 296 

Datidson, S Infantilism in ulcerative colitis, 
1187 

Death anatomic observations on 70 hospital pa- 
tients after sudden death, 43 
sudden, role of Infection In, 47 
Dementia Paralytica, pathology of, 1108 
treatment of, 1112 

Dementia Praecok, schizophrenia and manic- 
depressive psycliosls, 1337 
Dermatitis, thiocyanate dermatitis, report of 
case, 579 

de Takdts, G Vascular diseases, review of 
some of recent literature, with critical re- 
view of surgical treatment, 590 
Dextrose, Therapy See Liver 
Diabetes MeUItus See also Blood, sugar 
coma in, 962 

Intercapillary glomerulosclerosis, syndrome of 
diabetes, hypertension and albuminuria, 
1252 

yuvenile 787 

lipocaic and fatty Infiltration of liver In pan- 
creatic diabetes, 1017 
ICeu York Diabetes Association, Inc , 891 
optimum time for administration of protamine 
zinc Insulin, 897 

protamine zinc Insulin , metabolic study , 
treatment In 2 cases of severe diabetes by 
equally and unequally divided diets with 
comments on criteria for treatment, 91 
Diarrhea See also Dysentery 
and vomiting in shock, 961 
Digestive Tract See also Gastrointestinal Tract, 
Intestines, Stomach, etc 
effects of smoking on, 839 
Digitalis, calcium and digitalis synergism , toxic- 
ity of calcium salts injected Intravenously 
into digitalized animals, 322 
Therapy See under Heart 


Dihydrotachysterol See Hydrotacliy sterol 
Directory of Medical Specialists, 1128 
Donath-Landstelner Phenomenon See Hemo- 
globinuria 

Donovan P B Lipocaic and fatty infiltration 
of liver In pancreatic diabetes, 1017 
Dragstedt, L R Lipocaic and fatty infiltration 
of liver in pancreatic diabetes 1017 
Drugs, action In vasospastic phenomena, 601 
action of arsphenamines and bismuth com- 
pounds in vitro, 1077 

fever of disordered metabolism and intoxica- 
tions, 807 

structural changes in lungs of drug addicts, 
1039 

Duodenum, bilirubin and urobilin content of 
bile obtained by duodenal drainage normal 
values and values for patients with chole- 
cystitis 445 

Ulcers See Peptic Ulcer 
Dysentery Sec also Diarrhea 
bacillary, 397 

Elcctrocardlooram Sec under Heart 
Ellascr, , Jr Eiectrocardlokraphic findings 
in cases of ventricular aneurysm, 193 
Ellis, D Total differential and absolute 

leukocyte counts and sedimentation rates 
determined for liealthy persons 19 years of 
age and over, 105 
Embolism Sec also Thrombosis 

air embolism complicating injection of air in 
adrenal gland, 1229 

cardiac sequelae of embolism of pulmonarj 
artery, 296 
fat embolism, 1233 

Encephalitis Sec also Encephalomyelitis 
hemorrhagic, duo to Injections of neoarsphen- 
amlnc, 1086 

recurring cnccphalomenlngoradlculitls witli 
fibromyositls following poliomyelitis, bac- 
terlologlc study of 61 cases, 1197 
St Louis encephalitis, 388 
Encephalomyelitis, 386 

Endocarditis, bacterial, report of case in vvlilch 
cause was Actinomyces bovis, 81 
evaluation of sulfanllamldo in treatment of 
patients with subacute bacterial endocar- 
ditis, 228 

heart failure in subacute bacterial endocar 
ditls, 336 

subacute bacterial endocarditis, 399 
Endocrine Glands See also Hormones 
dysfunction and hypertension, 939 
endocrine types of hypertension, 635 
Epilepsy with congenital syphilis, 1122 
Epinephrine See Adrenal Preparations 
Epiphyses, epiphysial changes in congenital 
syphilis, 1122 

Erythema arthrlticum cpldemlcum , Havorhlll 
fever, report of case with review of litera- 
ture, 1 

of ninth day, 1085 

Erythrocytes See also Anemia, Hemolysis, 
Polycythemia , etc 

studies on destruction of red blood cells 
chronic hemolytic anemia with paroxysmal 
nocturnal hemoglobinuria, investigation of 
mechanism of hemolysis with observations 
on 5 cases, 1271 
Erjthromelalgla, 615 
Esophagus, review of literature, 834 
Extremities, blood flow In, 593 

Blood Supply See also Aneurvsm, Embo- 
lism , Phlebitis , Thromboangiitis obliter- 
ans , Thrombosis , etc 

blood supply , action of adrenal preparations 
on, 602 

blood supply, action of drugs, 601 
blood supply , amputation for vascular dis- 
ease, 054 
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Extremities — Continued 

blood supply, critical review of surgical treat- 
ment of vascular diseases, 643 
blood supply, physiology of peripheral vascu- 
lar disease, 590 

blood supply, sympathetic gangl'onectomy for 
peripheral vascular disease, G48 
blood supply , treatment of peripheral vascular 
d seases, 619 

blood supply, vascular diseases associated 
with mercury poisoning, 602 
temperature of shin, 598 

V ascular diseases , review of some of recent 
literature, with critical review of surgical 
treatment, 590 

Eyes, accommodation and refraction biophotom- 
eter test as index of nutritional status for 
vitamin A, 1170 

ocular lesions in congenital sjphilis, 1121 

Farrell, E Haverhill fever, report of case 
with review of literature, 1 
Fat See also Lipoids 

lipocaic and fattv infiltration of liver in pan- 
creatic diabetes, 1017 

Perris, H W Multiple myeloma associated 
with nodular deposits of amjloid in muscles 
and joints and with Bence Jones protein- 
uria, 820 

Fever See also Malaria , Temnerature , Typhus , 
etc 

artificial, as cause of anemia, 155 
Haverhill See Erythema arthrlticum epi- 
demicum 

hyperthermia, genuine and spurious, 800 
hyperthermia of complex causation, 807 
hyperthermia of heat stroke, 806 
hyperthermia referable to central nervous sys- 
tem, 806 
hysterical, 804 

of disordered metabolism and intoxications, 
807 

of infectious disease 807 
prolonged hyperthermia, report of case with 
necropsy, 809 

Relapsing See Relapsing Fever 
therapeutic hyperthermia, 807 
Therapy See under Synhilis 
Undulant See Undulant Fever 
Fibromyositis recurring encephalomenlngoradic- 
ulitis with fibromyositis following polio- 
myelitis , bacteriologic study of 64 cases, 
1197 

Fingers and Toes, blood flow in, 593 
Fitz, R Periarteritis nodosa , report of case, 
1133 

Fonde, E C Chronic malaria , clinical con- 
sideration, 1156 

Fonde G H Chronic malaria , clinical con- 
sideration, 1156 

Frambcsia, sjphilis and jaws, 1057 
Friedberg C K Cardiac sequelae of embolism 
of pulmonary artery, 296 

Gallbladder See also Bile , Biliary Tract 
bilirubin and urobilin content of bile obtained 
by duodenal drainage , normal values and 
values for patients with cholecjstltls, 445 
Gangllonectomy See Extremities, blood supply 
Garber, E S Elevation of urea nitrogen con- 
tent of blood following hematemesis or 
melena, 1239 

Garvin, C F Lipoid pneumonia , report of 2 
cases, 586 

Gastric Tuice See under Stomach 
Gastroenterology, relationship between gastro- 
enterology and caidiologj, 877 
review of literature from July 1938 to Julj 
1939, 834 

Gastrointestinal Tract See also Intestines, 
Stomach, etc 


Gastrointestinal Tract— Continued 
gastrointestinal sjmptoms in association with 
intracranial disease, 841 
infectious diseases of unknown origin, 400 
reactions after treatment of sjphilis, 1086 
Gastroscopy See Stomach 
Gaucher’s Disease See Anemia, splenic 
Geer, W A Lipocaic and fattj infiltration of 
liver in pancreatic diabetes, 1017 
Gilligan, D R Effects on cardiovascular sys- 
tem of man of fluids administered intra- 
venously, studies of glomenilar filtration 
rate as measured bj urea clearance, 505 
Glomerulonenhrltis Sec under Lephritis 
Glomerulosclerosis See Kidneys, diseases 
Gold and Gold Compounds as cause of anemia, 
154 

Therapy See Tuberculosis 
Goldlnmer S M Blood, review of literature, 
148 

Gonococci, infections, sulfanilamide in, 370 
Goodpasture, W C Lipocaic and fatty Infll- 
tration of liver in pancreatic diabetes, 1017 
Granulocytopenia, 169 

agranulocytosis after treatment of sjphilis 
with neoarsphenamine, 1085 
aminopyrinc as cause of, 170 
relation of sulfanilamide to, 175 
sulfanilamide as cause of, 170 
therapy, 185 

Gravzel, D M Metastatic calcification, report 
of 2 cases, 136 

Green, M E Thiocyanate dermatitis , report of 
case, 579 

Gregory, R Primary carcinoma of liver, tumor 
thrombosis of inferior vena cava and rigiit 
auricle, 566 

Grisliaw, W H Juvenile diabetes mellltus, 787 
Gross, H Myocardial infarction without slg 
nificant lesions of coronary arteries, 219 
Guanidine in Blood See Blood, chemistry 
Gumma See Syphilis, tertiary 

Hall, G E Reflex coronary artery spasm fol 
lowing sudden occlusion of other coronarv 
branches, 661 

Ham, T H Studies on destruction of nd 
blood cells, chronic hemolytic anemia with 
paroxysmal nocturnal hemoglobinuria. In- 
vestigation of mechanism of hcmolvsis with 
observations on 5 cases, 1271 
Hare, C C Intracerebral carcinomatous 
metastases, 542 

Hart, J F Anatomic observations on 70 hos- 
pital patients after sudden death, 43 
Hasenbush, L L Chronic leukemia , carlv 
phase of chronic leukemia, results of treat- 
ment and cttects of complicating Infections 
study of 80 adults, 701 

Haverhill Fevoi See Ervthema arthrlticum cni- 
demicum 

Hajman J M , Jr Renal function and number 
of glomeruli in human kidney , 69 
Heart See also Blood, circulation Cardiovas 
cular System, etc 

anatomic observations on 70 hospital patients 
after sudden death 43 

calcium and digitalis svnergism toxicitv of 
calcium salts Injected intravenously Into 
digitalized animals 322 
"cardiac cirrhosis’’ of liver, clinical and 
pathologic studv, 457 

cardiac sequelae of embolism of pulmonar 
artery, 296 

Diseases See also Cardiovascular Diseases , 
Endocarditis , etc 

diseases, thyrotoxicosis and svphilltic heart 
disease, 1103 

electrocardiographic findings in cases of ven- 
tricular aneurysm, 433 



1348 


INDFX TO VOLUME 64 


Heart — Continued 

experimental renal insufficiency produced oj 
partial neplirectomy , summary of effect of 
uhole liver, whole meat, extracted llicr and 
extracted meat diets on renal hypertrophy 
renal function, blood pressure and cardiac 
hypertrophy, 747 

failure, effect of warm and cold weather on 
1103 

failure in subacute bacterial endocarditis, 330 
gumma of, 1099 
hypertrophy, 259 

Infarction See also Thrombosis, coronary 
infarction, age, sex and hypertension in myo- 
cardial infarction due to coronary occlu- 
sion 707 

infarction, myocardial Infarction without sig- 
nificant lesions of coronary arteries, 219 
rate, tachycardia, 259 

leflex coronary arterv snasm following sud- 
den occlusion of othei coronary branches 
061 

relationship between gastroenterology and car- 
diology, 877 

Heat See also Temperature 
stroke hyperthermia of, 800 
temperature of shin 598 
vascular response of limbs to, 590 
Hematemesls, eleiation of urea nitrogen con- 
tent of blood following hematemesls or 
mclena, 1230 
Hematology See Blood 
Hematoma of adrenal gland 1232 
of renal capsule, 1230 

Hemoglobinuria, paroxysmal and syphilis 1097 
studies on destruction of red blood cells , 
chronic hemolytic anemia with paroxysmal 
nocturnal hemoglobinuria (Donath-Land 
Steiner phenomenon) , investigation of 
mechanism of hemolysis with observations 
on 5 cases, 1271 

Hemolysis Sec also Anemia, pernicious. Jaun- 
dice, hemolytic 

studies on destruction of red blood cells 
chronic licmolytlc anemia with paroxysmal 
nocturnal hcmoglohlnurla , ln\cstlgatIon of 
mechanism of licmolysls with observations 
on 5 cases, 1271 
Hemophilia, 162 

Hemorrhage See Encephalitis hcmorrliaglc , 
Hemophilia , Purpura liacmorrhagica , etc 
Heparin, use in surgical operations on blood 
vessels, 646 

Hepatitis Sec under Elver 
Hesperldiii See 1 itamlns, P 
Hibernation, effect of hibernation on syphilis 
1060 

Hodgkins Disease See Eymphogranuloma 
Hotf, H E Calcium and digitalis syneigism, 
toxicity of cilcium salts injected intravc 
nously into digitalived animals 322 
Hoffman A M Experimental production of 
neutropenia with amlnopyrlne 26 
Hormones See also Adrenal Preparations , En- 
docrine Glands , Insulin 
sex relation of gonadotropic hormones to 
peptic ulcer, 842 

Horn, H Cardiac sequelae of embolism of 
pulmonary artery 296 

Horwitz, T Polyostotic fibrous dvsplasla, re- 
port of case, 280 

Hunt, E W Roentgenograms of clicst and 
mtracutaneous tubori-ulln test for adults, 
comparative study, 49 

Hunter, W C Traumatic rupture of pericar- 
dium, study of 22 cases, with year 
period of survival in 1 case, review of lit- 
erature, 719 

Hydrotachysterol, effect of dlhydrotachy sterol In 
treatment of parathyroid deficiency [follow- 
ing thyroidectomy], 217 


Hvinan, M Physiologic basis of Intravenous 
dextrose therapy for diseases of liver, 1265 
Hyperpyrexia Sec Pever 
Hypertension Sec Blood pressure, high 
Hyperthermia *3co Pever 
Hypcrtliyroldlsm See under Thyroid 
Hypcrtropliy See under names of organs and 
regions, as Heart , etc 
Hypoglycemia See Blood sugar 
Hystcila, hysterical fever, 804 

Icterus See Taundice 

Index, cumulated of Archives of Internal 'Mcdl 
cine, 1128 1312 

Infantile Parnlvsls See Pollomvel'tls 
Infantilism In ulcerative colitis, 1187 
Infection, role in sudden death 17 
Infectious Diseases See Communicnhic Diseases 
Influen/a, 3S1 

Insanltv, schivophrenia and manic-depressive 
psyeliosls, 1337 

Insects diagnosis of hvperscnsitlvcncss to bee 
and to mosquito wltli report on successful 
specific treatment, 1306 

Insulin Sec also Diabetes ‘Mcllltus Pancreas 
deleterious clfects of experimental jirotamlne 
Insulin shock, 907 

optimum time for administration of protamine 
vine insulin, 897 

protamine vine insulin , metabolic study , 
treatment In 2 cases of severe diabetes bv 
cquallv and unequally divided diets, with 
comments on criteria for treatment 91 
Insurnnee life and svidillls, 1073 
Internal Secretions See Pndocrlne Glands 
Inlernshlns open in California, 656 
Intestines Sec also Duodenum Gastrointestinal 
Tract 

physiology of large intestine 869 
small Intestine, review of literature, 859 
Isaacs, R Blood, review of literature, US 
Islands of Eangerlians Sec under Pancreas 

JatTc, II E Age, sex and hvpertenslon In 
mvocardlal infarction due to coronary oc- 
clusion, 767 

laiindlcc from bismuth 1089 
hemolytic, immediate and delnved changes In 
blood after splenectoniv 265 
Tolnts, multiple nivcloma associated with nodu- 
lar deposits of amvlold In muscles and 
joints and vvith Benie lones proteinuria 820 
loncs, C 51 G istroenterologv review of lit- 
erature from Julv 1938 to lulv 1939, S34 
lournnls Sec Peiiodlcals 
luxta-Artlcular Aodulcs Sec Nodes 

Kandol, E 5 Elmltations of biopsv of sternal 
marrow, 121 

Katzin, If 31 "Cardiac clrrliosls” of liver, 
clinical and pathologic studv, 157 
Ividncvs, Bence Jones proteinuria and renal 
lesion in mvcloma, 1001 
blood "guanidine', furtlar observations, 9SS 
Disciscs See also Neplirltis 
diseases, blood in, 150 

dlsevses interc iplll irv glomeiuloseii losis 
svndiomo of diabetes, livpertension and 
albumlnmia 1252 

eftcets on c vidiov iscular svslem of man of 
fluids administered intr.ivenouslv , studies 
of giomciulii filtration rate as measured by 
urea elc iranv e 505 

expLiirnentai ren il Insufficlencv produced bv 
partial neplncctomy , diets containing dried 
extracted liver, 513 

experimental icnal insufilciencv produced by 
paitlal neplircctomv , diets {outlining dried 
extracted moat, 526 
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Kidneys — Continued 

experimental renal insufficiency produced by 
partial nephrectomy, diets containing whole 
dried yeast, 756 

experimental renal insufficiency produced by 
partial nephrectomy, summary of effect of 
whole liver, whole meat, extracted liver and 
extracted meat diets on renal hypertrophy, 
renal function, blood pressure and cardiac 
hypertrophj, 747 

function tests , renal function and number of 
glomeruli in human kidney, 69 
function tests , test of glomerular function 
uith sodium ferrocyanide , further studies, 
57 

hematoma of renal capsule, 1230 
organic renal disease and hypertension, 930 
Kisner, P Review of meningitis due to Micro- 
coccus tetragenus , report of 1 case with 
bacteriologic study, 15 

Konigsberg, J Electrocardiogranhic findings in 
cases of ventricular aneurjsm, 493 

Laboratories, training of personnel and licensing 
of laboratories for syphilis tests, 1064 
Landsteiner-Donath Phenomenon See Hemo- 
globinuria 

Langerhans’ Islands See under Pancreas 
Langsam, S M Incidence of fatal cardio- 
V ascular disease in Charleston, S C , with 
reference to hypertension, 971 
Lead as cause of anemia, 154 
Lederer, M Metastatic calcification , report 
of 2 cases, 136 

LeRoy, G V Limitations of biopsy of sternal 
marrow, 121 
Leukemia, 191 
aleukemic, 198 
and pregnancy, 200 

chronic , early phase of chronic leukemia, 
results of treatment and effects of com- 
plicating infections, study of 86 adults, 701 
in animals, 201 
leuliemoid conditions, 201 
monocytic, 198 

relation of myeloma to, 1012 
treatment of, 200 

Leukocj tes See also Leukemia , Mononucleosis , 
etc 

count experimental production of neutropenia 
with aminopynne, 26 

total, differential and absolute leukocyte 
counts and sedimentation rates determined 
for healthy persons 19 years of age and 
over, 105 

Life Insurance See Insurance, life 
Linenthal, A J Effects on cardiovascular sys- 
tem of man of fluids administered intrave- 
nously , studies of glomerular filtration rate 
as measured by urea clearance, 505 
Lipocaic See Pancreas 

Lipoid Histiocytosis See Niemann's Disease 
Lipoids See also Pat 

lipoid pneumonia , report of 2 cases 586 
Lisa, J R Anatomic observations on 70 hos- 
pital patients after sudden death 43 
Liver See also Biliary Tract 

"cardiac cirrhosis” , clinical and pathologic 
study, 457 

cirrhosis, and syphilis, 1058 
clinical significance of variations in serum 
phosphatase in hepatic and biliary dis- 
orders 348 

experimental renal insufficiency produced by 
partial nephrectomx , diets containing dried 
extracted liv er, 513 

experimental renal insufficiency produced by 
partial nephrectomy, summary of effect of 
whole liver, whole meat, extracted liver 
and extracted meat diets on lenal hyper- 
trophy, renal function blood pressure and 
cardiac hypertrophy, 747 


Liver — Continued 

lipocaic and fatty infiltration in pincrcatic 
diabetes 1017 

physiologic basis of intravenous dextrose 
therapy for diseases of liver, 1205 
primary carcinoma , tumor tlirombosis of 
inferior vena cava and rigid aiiricit 506 
Lordi, G H Haverhill fever report of case 
with review of literature I 
Ludevvig, S Experimental renal insuflltioncy 
produced by partial nephrectomv diets 
containing dried extracted liver 513 
Experimental renal insufflciencv produced bv 
partial nephrectomv , diets containing dried 
extracted meat, 526 

Experimental renal insufficiencv produced bv 
partial nephrectomv , diets cont lining whole 
dried yeast, 756 

Experimental renal insufficiency produced bv 
partial nephrectomy summary of efiect of 
whole liver, whole meat, extracted liver anti 
extracted meat diets on renal hypertropliv 
renal function, blood pressure and catdiu 
hypertrophy, 747 

Lumbal Puncture See Spinal Puncture 
Lungs See also Respiratory Tract , Thorax 
etc 

structural changes in drug addicts 1039 
transport of air along sheaths of pulmonic 
blood vessels from alveoli to mediastinum 
clinical implications, 913 
Lymph Nodes See also Lymphogranuloma 
etc 

involvement of pelvic nodes m cervical 
chancre, 1091 

Lymphocytes in Meningitis See Aleningitis 
Lymphogranuloma, Hodgkin's disease and Ivm 
phosarcoma, 186 
Lymphosarcoma See Sarcoma 

McEachern, C G Reflex coronary aitcrv spasm 
following sudden occlusion of other coro- 
naiy branches, OCl 

McGowan T S Review of meningitis due to 
Micrococcus tetragenus , report of 1 case 
with bacteriologic study, 15 
MacKay, E M Deleterious effects of experi- 
mental protamine insulin shock 907 
Macklin, C C Transport of air along slieaths 
of pulmonic blood vessels from alveoli to 
mediastinum, clinical implications 913 
McLaughlin C W , Jr Hemolytic jaundice 
immediate and delayed changes in blood 
after splenectomy, 268 

MacNeal, W T Hyperthermia, genuine and 
spurious, 800 

Prolonged hyperthermia, report of case with 
necropsy, 809 

Mayor, R H Blood "guanidine' further ob- 
servations 988 
Malaria 402 

biologic false positive serologic reactions in 
presence of Infectious mononucleosis res- 
piratory’ infections relapsing fever, tuber- 
culosis and malaria 1066 
chronic , clinical consideration 1156 
Therapeutic See Syphilis 
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Prize, award of certificate of merit, 1342 
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tropenia with amlnopyrlne 20 
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Splrochaeta pallida , pinta caused by organism 
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flbromyositis follow mg pollomy elitls , bne- 
teiiologic study of 04 cases 1197 
Sturgis, C C Blood, review of literature, 148 
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of inferior vena cava and right auricle, 566 
Thyroid See also Parathyroid 

effect of dihydrotachysterol in treatment of 
parathyroid deficiency [following thyroidec- 
tomy], 217 

relation of myasthenia gravis to hyperthy- 
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Tuberculin Test See under Tuberculosis 
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